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The release of leukotriene B4 from human skin in response to substance P: evidence
for the functional heterogeneity of human skin mast cells among individuals
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SUMMARY

Substance P is located in cutaneous nerve fibres and induces wheal and flare responses, accompanied by
granulocyte infiltration, upon intradermal injection. Studies with animal skin and rat peritoneal mast
cells have suggested that substance P induces the release of histamine and leukotriene B, (LTB,), a
potent chemoattractant for granulocytes, from skin mast cells. However, the release of LTB,4 has not
been detected from mast cells enzymatically isolated from human skin. In order to investigate the
mechanism of granulocyte infiltration induced by substance P in human skin, we studied the release of
LTB, and histamine in response to substance P, and the effect of dexamethasone using human skin
obtained from 22 nonallergic individuals. Histamine was released from all skin tissue samples in a dose-
dependent manner. However, the amount of LTB, release, both constitutive and inducible, was variable
among skin preparations. Substance P induced a large release of LTB, from the skin of eight donors
(twice to six times that of the spontaneous release), but no or only negligible release from the skin of 14
donors. The amount of constitutive release of LTB, correlated with the amount of tissue histamine.
Dexamethasone selectively abolished the inducible release of LTB,, without an effect on histamine
release and the constitutive release of LTB,. These results suggest that substance P induces the release of
LTB, in a certain population of human individuals by a glucocorticosteroid-dependent mechanism, and
plays an important role in neurogenic inflammation with granulocyte infiltration.
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INTRODUCTION leukotriene (LT) B4 [13], inhibitors of 5-lipoxygenase [10], and
those of LT synthetase [14]. These studies suggest that the
granulocyte infiltration induced by SP is critically mediated by
mast cell-derived LTB,, a potent chemoattractant for neutrophils
and eosinophils. In contrast, Robinson et al. [16] have reported
that LTB, is not released from mast cells isolated from human
skin in response to anti-IgE antibody or calcium ionophore
A23187. Moreover, Benyon et al. [17] have reported that the
amounts of prostaglandin (PD) D, and LTB, released from mast
cells in response to SP were 12-to 21-fold less than those released
in response to anti-IgE antibody. A possible explanation for this
discrepancy is mast cell heterogeneity among species or human
individuals. In addition, in the studies reported by Robinson et al.
[16] and Benyon et al. [17] mast cells were isolated by enzymatic
digestion and stimulated in suspension. It is therefore possible that
the function of mast cells might have changed during preparation
under enzymatic digestion. In fact, we have recently demonstrated
that house dust mite antigen induces the release of LTB, from the
surface of the skin of patients with atopic dermatitis and isolated
skin tissues sensitized with IgE against the antigen [18].

Substance P (SP), which is located in cutaneous sensory neurones
[1], is thought to be a major mediator of neurogenic inflammation
[2]. It induces the degranulation of mast cells isolated from the
peritoneal cavity of rats [3] and human skin [4], releasing
chemical mediators such as histamine. Intradermal injection of SP
induces an immediate wheal and flare response [5-7] and
granulocyte infiltration in both animal [8—10] and human skin
[11]. Prior application of local anaesthetics, which prevents mast
cell activation [7], and systemic administration of antihistamines
reduce wheal and flare responses [5—7]. It is therefore well
accepted that histamine released from mast cells mediates or
enhances these reactions [12].

However, the exact mechanism of granulocyte infiltration
induced by SP has yet to be determined. Using mast cell deficient
mice, Matsuda et al. [8] and Yano er al. [9] have demonstrated
that this reaction is dependent on mast cells. Furthermore, it has
been reported that this reaction is inhibited by antagonists of
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In this study, we employed human skin slices of 22
individuals, rather than animal skin or dispersed human mast
cells to investigate the release of LTB, and histamine from human
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Fig. 1. The release of (a) histamine and (b) LTB, from human skin tissue
in response to SP. Human skin slices were passively sensitized and
incubated with various concentrations of SP at 37°C for 20 min, as
described in the materials and methods section. The amounts of histamine
and LTB, released in supernatants were measured by HPLC (histamine) or
enzyme immunoassay (EIA) system (LTB,4) and expressed as percentage
release of total histamine or picograms per gram wet tissue in each
samples. Values are mean * SD from one representative set of experi-
ments with triplicate samples. Similar results of histamine release were
observed in all independent experiments with skin of 21 different donors.
The release of LTB, in a similar dose-dependent manner was observed in
eight out of 22 independent experiments, with the variation of absolute
amounts of LTBy, as shown in Fig. 3(a).

skin in response to SP. We demonstrate that there is a large
variability of skin reactivity regarding the release of LTB,, and
that dexamethasone selectively inhibits inducible release of LTB,.

MATERIALS AND METHODS

Chemicals
Substance P (SP) was purchased from Sigma Aldrich Co. (Tokyo,

Japan). House dust mite antigen was obtained from Torii Co.
(Tokyo, Japan). All other chemicals used in the present study were
purchased from Wako Pure Chemical Industries Ltd. (Osaka,
Japan).

Skin donors

Normal skin tissue was obtained from 22 individuals who were
15-85-years-old (13 men and 9 women) without allergic diseases,
when they received skin surgery. The protocol of this study was
approved by the ethics committee of Hiroshima University School
of Medicine. Informed consent was obtained from all patients.

Serum for sensitization of human skin in vitro

Serum for passive sensitization of human skin was obtained from
a patient with atopic dermatitis. The level of serum specific IgE
antibody against house dust mite antigen (Der f-1) measured by
the CAP-RAST method [18] exceeded 100 UA/ml.

Release of histamine and LTB,

Human skin slices were prepared as described before [18]. Briefly,
after removing subcutaneous tissue, a piece of human skin was cut
into 500 wm thick slices, using a hand microtome. The slices
were washed three times in free Tyrode solution [18] and
passively sensitized for 120 min with 20% human serum with
high titre of IgE antibody against house dust mite antigen in
RPMI-1640. After sensitization and washing three times in free
Tyrode solution, 80 mg of the slices (wet weight) were divided
into each tube and incubated in 300 wl of Tyrode solution in the
presence or absence of various concentrations of SP or 50 wg/ml
house dust mite antigen at 37°C for 20 min. The reaction was
terminated by cooling the tubes in ice. After centrifugation at
1500 x g for 5 min, LTB, was extracted from supernatants as
previously described [19]. Briefly, the supernatant was acidified
by the addition of an equal volume of 0-1 m sodium acetate buffer
(pH 3-5), lipids were extracted with two volumes of ethyl acetate.
The ethyl acetate phases were evaporated by centrifugal
concentrator, reconstituted with absolute ethanol and stored at
— 80°C until use.

Measurement of histamine

Histamine in the supernatants of the reaction mixtures and that in
residual tissues was extracted with 2% perchloric acid, and the
amounts of histamine in the samples were assayed using an
automated fluorometric-HPLC system (Tosoh Corporation, Tokyo
Japan) as previously described [20]. The magnitude of the
histamine release was expressed as a percentage of the total
histamine content of the skin slices in each tube.

Measurement of LTB,

The amount of LTB, in the samples was measured using enzyme-
immunoassay kits (Amersham International, Buckinghamshire,
U.K.). The measurements were performed according to the
manufacturer’s instructions. The minimum detectable concentra-
tion of LTB, was 6-0 pg/ml. Cross-reactivities for other related
substances were less than 0-03%. The range of the assay that we
employed in this study was from 10 pg/ml to 500 pg/ml.

High performance liquid chromatography

In order to verify the measurement of LTB, by enzyme-
immunoassay, the sera of three patients and the supernatants of
the skin reaction mixture in 5 representative experiments were
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Fig. 2. Detection of LTB,-like immunoreactivity in the fractions of
HPLC. a, The supernatants of the reaction mixture in 5 representative
experiments were combined and fractionated by reverse-phase HPLC.
b, Sera of three patients that showed high levels of LTB,-like
immunoreactivities were also fractionated individually. The data shows a
representative result of one serum sample. The amount of LTB, in each
fraction was measured by EIA system as described in the materials and
methods section. LTBy-like immunoreactivity was detected with the main
peak in the tenth (a) and ninth (b) fraction, in which authentic LTB,
(shown by arrow) was eluted under the same conditions.

fractionated by reverse-phase HPLC. Separations were achieved
as described before [18]. The amount of LTB, in each fraction
was measured as described above.

Pretreatment of skin tissues with dexamethasone
The sensitized skin slices were divided into each tube, incubated

in « MEM with or without 1 M dexamethasone at 37°C for 16 h,
and challenged with 100 um SP or 50 wg/ml house dust mite
antigen as described above. The release of histamine and LTB4
was measured as described above.

Statistical analyses
Data were analysed by the Student’s #-test for paired samples.

RESULTS

Release of histamine from human skin by SP

SP induced the release of histamine from sensitized human skin
tissue in a dose-dependent manner over concentrations from 4 to
100 wMm (Fig. 1a). The magnitude of histamine release induced by
100 um SP, 23-6 = 14:4% (mean = SD, n = 21) was slightly
smaller than that by antigen, 25-4 = 13-8% (mean = SD, n = 13),
but the difference was not statistically significant.

Release of LTB, from human skin by SP

SP also caused the release of various amounts of LTB, from
human skin tissue in a dose-dependent manner, at concentrations
from 4 to 100 um (Fig. 1b).

In order to ensure that the LTB,-like immunoreactivity
detected by enzyme-immunoassay was LTB, itself, we combined
the supernatants of the reaction mixtures in five experiments,
where large amounts of LTBy-like immunoreactivity were
detected. We then fractionated them by reverse-phase HPLC.
Sera of three patients that showed high levels of LTB,-like
immunoreactivities were also fractionated individually. As shown
in Fig. 2a,b, LTB4-like immunoreactivity was detected with the
main peak in the tenth and ninth fraction, respectively, in which
authentic LTB, was eluted under the same conditions.

Variability of LTB, release among skin tissues

The amounts of both constitutive and induced release of LTB,
varied widely among the skin samples of the 22 donors (Fig. 3a).
When converted to log values, the amount of spontaneous release
ranged from 1.0 to 3-9 and appeared to be scattered with a normal
distribution (2-6 * 0-16, mean = SEM). On the other hand, the
amounts of induced release of LTB, appeared to be separated into
two clusters: inducible and noninducible. In skin obtained from 8
donors (responders), an increase in LTB, release of not less than
200% above the constitutive level was induced in response to
100 wm SP, while an increase of less than 150% was induced in
skin obtained from 14 donors (nonresponders). Figure 3b shows
the relationship between the amounts of histamine contained in
tissues and the spontaneous release of LTB,. There was a
statistically significant correlation, as analysed by assessing either
all donors or responders only. No significant correlation was
observed between spontaneous release of LTB,, serum concentra-
tions of LTB, and total IgE levels in sera of the skin donors
(Fig. 3c,d).

Dexamethasone inhibits inducible release of LTB4, but not
constitutive release of LTBy or the release of histamine from
human skin

In order to study the mechanism of LTB, release induced by SP,
we studied the effect of dexamethasone on the release of
histamine and LTB, from skin tissue. Pretreatment of skin tissue
with 1 um dexamethasone at 37°C for 16 h significantly
(P < 0-05, n=23) inhibited SP-induced release of LTBy4
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Fig. 3. The variability in LTB, release among skin tissues and the relation to the amount of tissue histamine, serum LTB, and total IgE
levels of skin donors. The amounts of both constitutive and induced release of LTB, varied widely among the skin samples of 22 donors (a).
The results of responders and nonresponders, defined in the results section are depicted by open and filled circles (a) or squares (b, ¢, d). The
relationship between the amounts of histamine contained in tissues and the constitutive release of LTB, is shown in b. The correlation
coefficient for all samples was 0-54 (P < 0-01) and is depicted by a solid line; that for responders was 0-67 (P < 0-025) and is depicted by a
dotted line. No significant correlation was observed among spontaneous release of LTB,, serum concentration of LTB,, and total IgE levels
in sera of the skin donors (c, d)

(Fig. 4b). The release of LTB, induced by antigen was also when it was much larger than the SP-induced release of LTB, in

abolished by 1 uM dexamethasone (data not shown). However, other skin tissue. The histamine release from skin tissue induced
the constitutive release of LTB, of both responders (Fig. 4b) and either by 100 um SP (Fig. 4a) or house dust mite-antigen was not
nonresponders (n = 8, data not shown) was not affected, even affected (data not shown).
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Fig. 4. The effects of dexamethasone on the release of histamine and
LTB, induced by SP. The human skin slices were treated with or without
1 uM dexamethasone for 16 h, followed by incubation in the presence or
absence of 100 uM SP for 20 min. The amounts of histamine (a) and LTB,4
(b) released into the medium were measured as described in the materials
and methods section and expressed as percent release of total histamine
and ratio to spontaneous release of LTB, in each sample (1166-8, 2328-1,
78524 pgl/g wet tissue), respectively. Data are expressed as means = SEM
of three independent experiments. *P < 0-05 (Student’s r-test)

DISCUSSION

In this study, we have demonstrated that SP may induce release of
LTB, from human skin. The amount of inducible release of LTB4
by SP varied widely among skin donors and appeared to be

distributed in two clusters. We tentatively defined donors whose
skin released more than twice the constitutive release in response
to SP as responders, and the others as nonresponders. According
to such categorization, 8 out of 22 skin donors (36-4%) were
classified as responders and 14 (63-:6%) were nonresponders.

LTB, is synthesized from arachidonic acid via the 5-
lipoxygenase-LTA, pathway, and has the ability to induce the
aggregation, chemokinesis, and chemotaxis of granulocytes and
their adhesion to endothelial cells at low concentrations [15,21]. It
also has the potential to activate granulocytes to release lysosomal
enzymes [25] and generate superoxide anions [27] and nitric oxide
[28]. In 1997, Yokomizo et al. [25] reported the cloning of cDNA
for the human LTBy, receptor in the HL-60 leukaemia cell-line.
This was followed by the cloning of the mouse LTB, receptor by
Huang et al. [26]. The quantitative study of mRNA for the LTB,4
receptor revealed that it was up regulated in IL-5-transgenic mice,
suggesting the involvement of LTB, in the accumulation of
eosinophils by IL-5 [26]. Recently, Morita et al. [27] reported that
an antagonist against the LTB, receptor inhibited the proliferation
and cytokine production of T cells, including IL-2, interferon-vy,
and IL-4, suggesting that LTB, was intrinsically involved in T cell
activation by various stimuli. Other studies with LTB, receptor
antagonists have suggested that LTB, is involved in a wide range
of immune responses and host defense reactions, such as bronchial
asthma [28], nephrotoxic serum nephritis [29] and allograft
rejection [30]. More recently, Byrum ez al. have demonstrated,
using mice deficient of leukotriene A, hydrolase, the enzyme
which generates LTB,4 from LTA,, that systemic shock induced by
platelet-activating factor is crucially mediated by LTBy4 [31].

In the skin, an increase in LTB, release has been reported in
psoriasis [32], allergic dermatitis [33] and delayed pressure
urticaria [34]. We have recently demonstrated the release of LTB,
and histamine in response to antigen both in vivo and in vitro [18],
suggesting a role for LTB, released from mast cells in the late
phase reaction of the skin accompanied by the infiltration of
granulocytes. In this study, we demonstrated that the release of
LTB, might be also induced by SP in vitro. Several authors have
reported that SP itself shows chemotactic activity for neutrophils
or polymorphonuclear cells in vitro. SP also induces the release of
TNF«, which is critically involved in inflammatory cell
infiltrations [35]. However, the release of TNFa was detected
only after six hours after the addition of SP [35], whereas LTB,
was detected in 20 min. Moreover, the direct chemotactic activity
of SP for granulocytes in vivo is still controversial. Firstly, the
concentrations of SP necessary to demonstrate such an activity are
variable among reports [36—38]. Secondly, since mast cells reside
closely around nerves and/or blood vessels in the skin [2], mast
cells should be exposed initially to high concentrations of SP
released from nerve endings, as compared with leucocytes in
blood vessels. Therefore, mast cells around nerves may actually
be exposed in vivo to such high concentrations of SP as those
used in this study. In fact, Suzuki et al. [39] have recently
demonstrated that the activation of nerve cells induces the
activation of adjacent mast cells by SP in vitro. Taken together,
this suggests that LTB, may play a role in a relatively early
stage of granulocyte infiltration induced by SP. The precise role
and degree of contribution of SP-induced release of LTB, in
vivo needs to be elucidated in future studies using inhibitors
specific for SP and LTB,.

The source of LTB, in this system remains to be identified.
Macrophages and neutrophils are potential candidates as a source
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of LTB, released by SP, but they could never migrate into the
dissected skin tissues employed in our system. Moreover,
antagonists against NK; receptors, through which SP activates
macrophages, do not inhibit the release of LTB4 induced by SP
(data not shown). Furthermore, the amounts of spontaneous
release of LTB, significantly correlated with the amounts of
histamine contained within the tissues but did not correlate
with concentrations of serum LTB, or serum IgE, suggesting
the involvement of mast cells, at least in the constitutive
release of LTB,4. Thus, although we cannot define the source
of LTB, released in our system, there is no other possible
candidate except for mast cells, as previously discussed in the
study with guinea-pig skin [40]. The fact that skin obtained
from 13 out of 22 (63:6%) individuals did not show an
apparent increase in LTB, release in response to SP may
account for the lack of detection of LTB, observed in the
study by Robinson et al. [16].

The differences between the spontaneous release of LTB,
among the skin samples of each donors were of nearly a 1000-fold
range. Such variability has also been reported in the release of
LTC,4 from human basophils in response to anti-IgE antibody [41]
and concentrations of serum LTB, [42]. The biological signifi-
cance of such variability is not clear. Ford-Hutchinson et al. [43]
showed that the degree of granulocytes chemotaxis induced by
LTB, was not necessarily correlated with the concentration of
LTB,. Therefore, inducibility of LTB, may be more important in
terms of the pathogenesis of skin diseases. The heterogeneity of
mast cell characteristics among species and organs has been well
demonstrated [44]. Our results indicate that human mast cells are
also substantially heterogeneous in terms of the release of LTB,
among individuals. Such a functional heterogeneity of mast cells
may account for the dominant infiltration of neutrophils and
eosinophils, occasionally observed in chronic urticaria [45], and
possibly in other mast cell-mediated cutaneous diseases.

Glucocorticoids have potent anti-inflammatory activities and
are used for the treatment of various diseases. However, their
mechanisms of action on neurogenic inflammation, especially on
human cell functions, have not been fully investigated. The
release of preformed mediators, including histamine by exocytosis
and the new synthesis of arachidonic acid metabolites and
cytokines from rodent mast cells are all inhibited by pretreatment
with dexamethasone in the range from 10 to 100 nm [46].
However, Schleimer et al. [47] have revealed that dexamethasone
has no effect on the release of histamine from human lung mast
cells. In this study, we have confirmed that a concentration of
dexamethasone as high as 1 uMm has no effect on histamine release
or the constitutive release of LTB, from human skin. On the other
hand, the release of LTB,4 by SP and that by antigen was abolished
to basal levels by the same concentration of dexamethasone.
These results suggest that inducible release of LTB, may be
regulated by a mechanism which is different from that for
constitutive release of LTB,.

In conclusion, the effects of SP and dexamethasone on the
release of histamine and LTB, from human skin are hetero-
geneous, and further study of the mechanisms of cell activation by
SP may allow us to develop a new therapy for diseases associated
with neurogenic inflammation.
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