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Omne ignotum pro m agnifico
Tacitus

"Anything little known is assumed to be wonderful"

Abstract

Some studies on the release of cytokines and other mediators
from mast cells of the rat and human

By Bernhard Frederick Gibbs
Recent studies have suggested that mast cells are capable of producing and releasing a
number of pro-inflammatory cytokines which can modify the function and proliferation
of a variety of cell types. However, these studies have mainly been carried out using
murine tissue culture derived mast cells and it is known that these cells differ markedly
in their functional properties compared to isolated human mast cells. It was therefore
essential to study the release of cytokines from the latter cell type. Human lung mast
cells were recovered by enzymatic digestion of the intact tissue and purified to between
60 and 90 % homogeneity by density gradient centrifugation and counter current
élutriation. These preparations were shown to contain basal levels of mRNA for tumour
necrosis factor alpha (TNF-a). On immunologic activation, the cells rapidly released,
within 2-10 min, small amounts of TNF-a and interleukins 4 and 6 (lL-4 and IL-6). After
longer periods of activation (0.5 - 4 h), the amounts of cytokines decreased. These
changes and the amounts of cytokines produced were unaffected by the addition of
protease inhibitors.

In addition, the effects of purification and changes in environment on rat and human
lung mast cells were investigated. Purification of both cell types led to a decrease in
responsivity to various stimuli and to an increased sensitivity to anti-allergic drugs.
These changes in responsiveness were partially reversed by the addition of supernatants
from incubated non mast cell fractions which are usually discarded during the
purification processes. Additionally, catabolism of histamine was observed following
the addition of supernatants from non mast cell rich human lung fractions.

These

studies also showed that the spontaneous histamine secretion of isolated mast cells may
be altered by the densities of isolated cells. Environmental conditions may therefore
play a crucial role in regulating the reactivity and properties of mast cells. Finally, the
effects of anti-allergic drugs on rat and human mast cells were compared and the effect
of a novel herbal extract used in the treatment of eczema was studied.

A cknow ledgem ents

I w ould first like to thank my supervisor. Professor Frederick L. Pearce,
for his excellent support, advice and company throughout these studies. I
w ould also like to thank Dr Clive Jackson (Fisons pic, Loughborough) and
his colleagues for their financial support and helpful advice.

My warm est thanks go to my family and Stefanie Bocher, w ho have
selflessly assisted me throughout the most difficult periods during these
studies and have given me unfailing loyalty as well as assistance in proof
reading this thesis.

I w ould like to take the opportunity to thank all my colleagues in the
Pearce group, past and present, for their wonderful company and help.
Specifically, I w ould like to acknowledge Dr Anne M. Frenz w ith whom I
have collaborated, in part, on the effects of Chinese herbal extracts
(chapter three) and the effects of stem cell factor (chapter five).

I w ould like to thank Ms Angela Redrup, Mr Arshad M akhdum and Mr
Pir Shah, who have given me enorm ous assistance and delightful
friendship throughout my stay at University College London.

My gratitude also extends to Dr Jonathan Arm (Harvard Medical School,
Boston) and Professor Tak Lee (Guy's Hospital, London) for their
financial and technical assistance, as well as to Dr Ulrich Amon
(Medizinische Universititat zu Liibeck), Dr Madeleine Ennis (Queen's
University, Belfast), Dr Steve Liu (Pfizer, Sandwich) and Dr Peter Peachell
(University of Sheffield).

Contents

Page

Section

Title
Abstract
A cknow ledgem ents
Contents

Chapter 1

Introduction

14

1.1

Historical aspects

15

1.2

The role of the m ast cell in health and disease

16

1.3

The structure and activation of m ast cells

17

1.3.1

Immunological activation

18

1.3.2

Non-immunological activation

20

1.4

Mast cell m ediators

20

1.4.1

Preformed prim ary m ediators

21

1.4.1.1

Histamine

21

1.4.1.2

Serotonin (5-hydroxytryptamine)

22

1.4.1.3

Proteoglycans

22

1.4.1.4

N eutral proteases

23

1.4.1.5

Other preform ed mediators

25

1.4.2

Newly generated prim ary mediators

25

1.4.2.1

Arachidonic acid metabolites

26

1.4.3

Cytokines

27

1.4.3.1

Cytokines in m ast cell proliferation and

29

differentiation
1.4.3.2

Cytokines and m ast cell activation

31

1.4.3.3

Cytokine release from m ast cells

32

1.4.3.4

Effects of cytokines in allergic inflammation

34

1.4.4

Histamine releasing factors (HRF)

35

1.5

Mast cell activation mechanisms

35

1.5.1

Cascades in IgE-dependent activation - an

35

overview
1.5.2

Cascades in IgE-independent activation - an

36

overview
1.5.3

Elevation of cytosolic Ca^^

36

1.5.4

Phospholipid metabolism

38

1.5.5

G-proteins

40

1.5.6

Cyclic nucleotides

41

1.5.7

Protein phosphorylation

43

1.5.8

Serine esterase activation

44

1.5.9

Ion channels and membrane potential

44

1.6

Anti-allergic compounds

45

1.6.1

Cromoglycate-like drugs

45

1.6.2

p-Receptor agonists

47

1.6.3

Methylxanthines

49

1.6.4

Non steroidal anti-inflammatory drugs (NSAIDS)

50

1.6.5

Alternative agents: Chinese herbal extracts

50

1.7

Mast cell heterogeneity

52

1.7.1

Mast cell heterogeneity: Histochemical differences

52

1.7.2

Mast cell heterogeneity: Biochemical differences

54

1.7.3

Mast cell heterogeneity: Eunctional differences

55

1.8

Aims of this study

56

Chapter 2

Materials and methods

63

2.1

Materials

64

2.1.1

Materials for buffers

64

2.1.2

Histamine secretagogues

64

2.1.3

Com pounds that inhibit histamine release

64

2.1.4

Protease inhibitors

65

2.1.5

Materials for PGD 2, histam ine and cytokine

65

analysis
2.1.6

V

Materials for RNA isolationjNorthern blotting and

66

RNA hybridization
2.1.7

Materials for fixation and staining

67

2.1.8

Other materials

67

2.2

Animals

68

2.3

H um an tissues

68

2.4

Buffers

68

2.4.1

FHB

69

2.4.2

H eparinized FHB

69

2.4.3

lOx Calcium-magnesium-free Tyrode's buffer

69

2.4.4

BSA-FHB

69

2.5

Stock solutions used for isolated cells

69

2.5.1

Secretagogues

69

2.5.2

Drugs

70

2.5.2.1

Chinese herbal extracts

70

2.5.3

Percoll

71

2.6

Solutions for the isolation of RNA

71

2.6.1

Diethylpyrocarbonate (DEPC) treated dH 2 0

71

2.6.2

Solution D

72

2.6.3

Sodium acetate solution

72

2.7.1

lOx N orthern buffer (lOx MOPS buffer)

72

2.7.2

RNA gels

72

2.7.3

RNA standards

73

2.7.4

20x

Salt saturated citrate (SSC) and 0.2x SSC/

0.2

% 73

SDS
2.8

Reagents used in RNA hybridization

73

2.8.1

H ybridization solution

73

2.8.2

W ash solutions

74

8

2.8.3

RNA gel denaturing solution

74

2.8.4

Random prim ed labelling for cytokines

74

2.9

Isolation of m ast cells

75

2.9.1

Rat peritoneal m ast cells

75

2.9.2

H um an lung m ast cells

75

2.9.3

H um an skin mast cells

76

2.10

Mast cell purification

76

2.10.1

Rat peritoneal mast cells

76

2.10.2

H um an lung mast cells

77

2.11

Active sensitization

78

2.11.1

Sensitization of rats w ith N ippostrongylus

78

brasiliensis
2.11.2

Preparation of the third larval stage of N.

78

brasiliensis
2.12

Passive sensitization of hum an m ast cells

79

2.13

Mast cell characterization

79

2.13.1

Cell counts and viability

79

2.13.2

Cell fixing and staining

79

2.13.3

Histamine content

80

2.14

Histamine release experiments

81

2.14.1

The effect of cell factors on histamine release

82

The effect of SCF

82

2.15

Inhibition of histamine release

82

2.16

Histamine assay

83

2.16.1

M anual assay

83

2.16.2

A utom ated assay

83

2.17

PGD 2 release and inhibition

84

2.18

PGD 2 assay

84

2.19

Procedures for cytokine release experiments

85

2.20

ELISA for cytokines

86

2.21

Cytokine RNA

87

2.14.2

J

2.21.1

Cell stimulation

87

2.21.2

RNA isolation

88

2.21.3

N orthern blotting

88

2.21.4

Cytokine RNA probing

89

2.22

Statistical analysis

90

Chapter 3

Effects of anti-allergic compounds: a comparison

97

between mast cells from the rat peritoneum and
the human lung

3.1

Introduction

98

3.2

Methods

99

3.3

Results

99

3.3.1

Effects of anti-allergic com pounds on anti-IgE

99

induced histamine release from unpurified rat
peritoneal and hum an lung m ast cells
3.3.1.1

Effects of DSCG and nedocromil sodium

99

3.3.1.2

Effects of p-agonists

100

3.3.1.3

Effects of theophylline

101

3.3.1.4

Effects of indomethacin

101

3.3.2

Effects of anti-allergic compounds on anti-IgE

101

induced histamine and PGD 2 release from purified
rat peritoneal and hum an lung m ast cells
3.3.3

Effects of novel Chinese herbal extracts

3.3.3.1

Effects of the pooled Chinese herbal extracts and a

102
102

placebo on anti-IgE induced histamine release
from rat peritoneal and hum an lung m ast cells
3.3.3.2

Effects of Chinese herbal extracts and placebo on
substance P and com pound 48/80 induced
histam ine release from rat peritoneal m ast cells

10

103

3.3.3.3

Effects of the individual components of the mixed

104

Chinese herbal extract on allergen induced
histamine release from rat peritoneal m ast cells
3.4

Discussion

104

Chapter 4

The production and release of cytokines from

133

human lung mast cells

4.1

Introduction

134

4.2

Methods

137

4.3

Results

137

4.3.1

Cytokine mRNA production

137

4.3.2

Cytokine release from hum an lung m ast cells

138

4.3.2.1

Release of TNF-a and IL-4 from purified and

138

unpurified hum an lung m ast cells due to
immunologic activation
4.3.2.2

Release of TNF-a and IL-4 from purified hum an

140

lung mast cells due to SCF
4.3.2.3

Degradation of TNF-a and IL-4 from hum an lung

140

m ast cells
4.3.2.4

Release of GM-CSF and IL-6 from purified and

142

unpurified hum an lung mast cells
4.4

Discussion

142

Chapter 5

Effects of cytokines and the in vitro cellular

163

environment on mast cell activation in the rat
and human

5.1

Introduction

164

5.2

Methods

165

5.3

Results

165

11

5.3.1

Histamine release from hum an skin and lung m ast

165

cells due to various secretagogues and the effects
of stem cell factor
5.3.2

Combined effects of stem cell factor and other

166

secretagogues on hum an skin and lung m ast cells
5.3.3

Combined effects of stem cell factor and other

166

secretagogues on purified hum an lung m ast cells
5.3.4

Effects of purification on histamine release from rat

167

peritoneal and hum an lung m ast cells in response
to various secretagogues
5.3.5

Effects of purification on the action of anti-allergic

168

compounds on hum an lung and rat peritoneal
mast cells
5.3.6

Effects of in vitro cell density and soluble factors

169

on histamine release from purified and unpurified
rat peritoneal m ast cells
5.3.7

Effects of factors from purified m ast cells and

170

MCDF on histamine release from purified rat
peritoneal mast cells
5.3.8

Effects of cell density on the action of anti-allergic

171

compounds
5.3.9

Effects of in vitro cell density and soluble factors

172

on histamine release from purified and unpurified
hum an lung m ast cells
5.3.10

Histamine degradation

172

5.4

Discussion

173

Chapter 6

General conclusions

211

214

References
Appendix 1

238

Structures

12

Appendix 2

Abbreviations

242

13

C h apter 1

Chapter One

Introduction
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1.1 Historical Aspects

The mast cell, the m ain cellular store of tissue histamine and involved in
a wide variety of allergic and inflammatory processes, was first observed
in unstained preparations by von Recklinghausen [1] in 1863. Shortly
after, in 1877, a young medical student called Paul Ehrlich first defined
the mast cell as a fixed tissue cell containing num erous granules that
stained with basic aniline dyes.
characteristic

colour

change

On staining w ith toluidine blue, a

(from

blue

to

purple)

known

as

metachromasia was observed [2]. He named these cells "mastzellen"
because of their overfed appearance.

The name is derived from the

German w ord "masten" which means to fatten or feed. Several years
later he discovered the peripheral blood basophil, which is the
circulating equivalent of the m ast cell [3].

Mast cells were linked to pathological conditions by Unna in 1894 [4],
who observed that these cells were found in high abundance in
cutaneous lesions of urticaria pigmentosa. In 1902, Fortier and Richet [5]
reported the phenom enon of anaphylaxis, an imm ediate hypersensitivity
reaction, in dogs. They injected the animals w ith sea-anemone toxin and
found that those that had survived exhibited a dram atic reaction upon a
subsequent injection of the toxin.

In 1910, Dale and Laidlaw [6 ] studied the physiological effects of
histamine and showed that it mimicked the symptoms of anaphylactic
shock. Histamine was first linked to m ast cells by Best, a student in
Dale's laboratory, and the suggestion that these cells were involved in
anaphylactoid reactions was reported by Webb in 1931 [7]. A decade
earlier, Prausnitz and Küstner [8 ] showed that the immediate wheal
response to allergen could be passively transferred w ith serum. They
called the antigen-specific agent "reagin", but it was not until the 1960s
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that Johansen and the Ishizakas identified "reagin" as immunoglobulin E
(IgE) [9,10,11] and it was show n that the mast cell has surface receptors
for this antibody [12,13].

Another im portant developm ent came in 1966 w hen Enerback [14, 15,
16] reintroduced the concept of heterogeneity by dem onstrating that
mast cells residing in the mucosa of the gastrointestinal tract of the rat
differed considerably from those located in the connective tissues of this
animal.

However, the observation that these cells display varying

properties depending on their location in the body was originally m ade
by Maximow[17] in 1906. This concept, together w ith the discovery in
1986 by Chung et al [18] that m ast cells may elaborate cytokines, which
control cell development, has led to renewed interest and research in this
cell type.

1.2 The Role of the Mast Cell in Health and Disease

Mast cells, like their polymorphonuclear leukocytic counterparts, are
known to originate from common progenitor cells in the bone m arrow
[19]. However, some m ast cells are thought to originate from the thym us
gland, thoracic duct lymphocytes, lym ph nodes and from mitosis of
m ature skin mast cells [1, 20, 21]. The progenitor cells are released into
the circulation where they m igrate and develop into m ature mast cells
under the influence of a num ber of proteinacious grow th factors called
cytokines [21]. Cytokines and serum imm unoglobulin E are thought to
act as chemotactic factors, increasing the traffic of developing m ast
cell/basophil progenitors to the tissues [2 1 , 2 2 ].

M ature mast cells are found in abundance in those parts of the body
which come into frequent contact w ith foreign substances, suggesting
that they may have a role in the defence of the host. These areas include
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the skin, lung, gastrointestinal tract, conjunctiva, ear, nose and the
regions along nerves and next to blood vessels [21, 23].

It has been suggested that the mast cell plays a crucial role in reactions to
parasitic infections (in particular to nematodes and ectoparasites) [24]
and together w ith IgE form a primitive defence line against antigens at
mucosal surfaces. They are also known to participate in w ound healing
processes, as shown by Trabucchi and co-workers [25]. These authors
have reported the accumulation of small mucosal-like m ast cells in the
skin during w ound healing where, together w ith connective tissue mast
cells, they may release mediators which are involved in tissue repair.
These repair processes include an increase in skin breaking strength,
enhanced endothelial-cell migration and a role in extracellular matrix
remodelling [25, 26]. However, w hen mast cells react inappropriately to
a harmless stimulus, they play a key role in allergic diseases. They are
one of the chief effector cells in bronchial asthma, atopic dermatitis
(eczema),

allergic

rhinitis

(hayfever),

rheum atoid

arthritis

and

inflammatory bowel disease [27, 28, 29, 30]. They m ay also be involved
in sarcoidosis [31], pulm onary fibrosis [32] and coronary artery diseases
[33].

1.3

The Structure and Activation of Mast Cells

Unlike basophils, m ast cells are m ononuclear cells found in all
vertebrates.

Isolated m am m alian mast cells are round and have a

diam eter of 10-30 pm [34, 35, 36] but in the tissues they are usually ovoid
in shape or elongated in connective tissues.

They contain num erous

cytoplasmic granules of 0.2-0.4 pm in diameter, which store a num ber of
mediators.

These granules have characteristic patterns (amorphous,

scroll, particle, crystal, mixed) [21, 37, 38], which differ according to
species and tissue location, and their density can often obscure the
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nucleus [39]. Activation of m ast cells leads to fusion of the granules with
the cell membrane and m ediator release (a process known as exocytosis)
as well as stimulation of newly generated m ediator production [2 0 ].

The fine structure of degranulating mast cells differs between various
cell subsets. In hum an lung mast cells, the individual granules fuse with
each other to form cytoplasmic channels w ithin the surface of the cell
and rapidly solubilize allowing the contents to discharge from the cell
[40].

This process is somewhat different in rat peritoneal mast cells,

where granules situated close to the plasm a m em brane fuse and are
discharged from the cell. The granule contents are released by a process
which is thought to involve an exchange of ionically-bound mediators
(such as histamine) w ith sodium ions [41, 42]. After degranulation, a
recovery period lasting about 48 hours is observed whereby the
degranulation openings are sealed, the channels shrink and new
mediator-containing granules are produced [40, 43]. This is preceded by
increased ribonucleic acid (RNA) synthesis as observed by the increase
in size of the nucleus and the appearence of nucleoli.

It is im portant to consider that some of these ultrastructural differences
between various mast cell types may reflect morphological states of
m aturation

or

piecemeal

degranulation

of

the

cells.

Various

methodologies for the isolation of certain m ast cell types such as hum an
lung parenchymal m ast cells, which involve harsh conditions (both
enzymatic and mechanical), have been shown to give rise to m ast cell
suspensions that are in an early state of activation [44]. Additionally,
piecemeal degranulation processes m ay also represent an im portant
phenom enon in intrinsic conditions, such as w ound healing [45].

1.3.1 Immunological A ctivation

18
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Activation of m ast cells in nature is directed by IgE (Fig 1.1), which is the
prim ary antibody involved in the initiation of an allergic response
(otherwise called type I hypersensitivity reaction) [46, 47].

IgE

production is initiated w hen an allergen is exposed to an antigen
presenting cell (APC). This cell processes the antigen and then exposes
haptens unique to the original allergen (antigen) to helper T-cells (Ty)
and a specific colony of m emory B-cells, which then proliferate. The Bcells then produce IgE antibodies under the influence of cytokine
m ediators released from T y cells of which there are two m ain groups,
T y l and T y2 [48, 49]. T y l cells produce IgE suppressant cytokines
such as interleukin-2 (IL-2) and interferon-y (IFN-y) which cause a shift
in B-cell antibody production to imm unoglobulin G (IgG). Tp^2 cells
augment B-cell IgE production by releasing interleukin-4 (IL-4) [48, 49].

When the IgE antibodies are released into the circulation, they bind to
specific high affinity IgE receptors (Fig 1.2) found on the surface {ca 1-10
X 1 0 ^ receptors per cell) of mast cells through the Ece portion leaving the
allergen recognition site free (Fab). This process sensitizes the m ast cell,
but does not lead to degranulation. Secondary exposure to the allergen
(antigen) leads to cross-linking of the IgE molecules resulting in m ast cell
activation and the release of both preform ed and de novo synthesized
m ediators [50, 51].

To be active, an antigen has to be divalent or m ultivalent in order to
cross-link adjacent IgE molecules. This hypothesis has been supported
by evidence showing that chemically dimerised IgE induces IgE receptor
cross-linking and cell activation as does concanavalin A (a lectin that
binds to sugar moieties on the Fce region of IgE), anti-receptor antibodies
(IgG Fab sites binding to the Fce receptor) and anti-IgE (IgG antibody
directed against Fce IgE chains) [52].
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1.3.2 Non-Immunological A ctivation

Agents that activate mast cells by IgE-independent processes can
generally be placed into two different categories according to their mode
of action.

The first group consists of non-selective liberators that are cytotoxic and
act by disrupting the plasma m em brane and facilitating the release of all
the intracellular contents. This is illustrated by detergents such as Triton
X-100 and Tween-20 [53].

The second group includes agents that are non-cytotoxic and cause
degranulation of the cell without the loss of cytoplasmic enzyme
markers such as lactate dehyrogenase. Among these releasing agents are
compound 48/80, peptide 401, bradykinin, substance P and polylysine
which are thought to act due to the concentration of negative charges on
the mast cell membrane [54, 55, 56, 57]. Other agents, such as ionomycin
and the calcium ionophore A23187, act by the transport of calcium ions
(Ca2+) into the [57, 58, 59, 60]. The above selective liberators are useful
in the study of m ast cell heterogeneity and function. Additionally, there
are a num ber of naturally produced liberators, including adenosine-5'triphosphate (ATP), anaphylatoxins (C3a, C4a, and C5a), a num ber of
cytokines, specific histamine releasing factors (HRF) and other drugs
[61].

1.4

Mast Cell Mediators

Mast cells conduct allergic and inflammatory processes by the release of
m ediators [20, 51]. These give rise to symptoms due to their direct action
on smooth muscle or indirectly by influencing the accumulation and
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development of other inflammatory cells.

The m ediators are either

preform ed and stored in the secretory granules or de novo synthesized
upon activation.

In the case of cytokine m ediators, there is growing

evidence that some of these factors are both stored and also synthesized
after stimulation.

1.4.1 Preformed Primary M ediators

1.4.1.1 Histamine

Histamine (p-imidazolylethylamine) was one of the first chemical
substances to be linked to mast cells. The nam e histamine is derived
from the Greek word histos, meaning tissue, because of its ubiquitous
presence in animal tissues. It is synthesized in the Golgi apparatus from
the amino acid histidine by the enzyme histidine decarboxylase [62].
Histamine is stored in the mast cell granules ionically bound to acidic
residues of glycosaminoglycan side chains of heparin, and may be
rapidly dissociated from this matrix in exchange for sodium ions (Na+).

Histamine is the dom inant biogenic amine present in hum an m ast cells
and basophils which contain 1-3 pg per cell [63, 64, 65,

6 6 ].

Rat serosal

mast cells contain considerably more of the amine, 10-30 pg per cell [39,
67], whereas rat mucosal mast cells contain 1-2 pg [61, 67].

Biological events dependent on histamine are expressed by binding of
the amine to three m ain types of histamine receptor on cell surfaces,
denoted H i, H 2 and Hg [6 8 , 69].

H% effects include bronchial and

intestinal smooth muscle contraction, increased vascular perm eability
and increased mucus secretion [70]. The m ain H 2 effects are generally
immunosupressive and include a variety of effects on leukocyte
cytotoxicity and gastric acid secretion [6 8 ]. However, m any of these and
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other biological effects result from the combined effects of both receptor
subtypes.

H 3 receptor m ediated effects have recently been shown in

neuroregulation and include the control of histamine synthesis [69].

Histamine is om nipresent in the circulation at around 100-300 pg per ml
of hum an plasm a under normal conditions [71]. It has a short half-life of
less than one m inute in vivo and is metabolized via two m ain routes into
N-methyl histam ine and imidazole acetic acid [72] [Fig 1.3].

1.4.1.2 Serotonin (5-hydroxytryptamine)

This biogenic amine is taken up into rodent, but not hum an, mast cells
(particularly connective tissue types) from extracellular sources where it
is stored and released together w ith histamine [39, 6 6 , 73]. Differences in
the ratio of release of these m ediators have been observed in studies
using steroid horm ones [74] and tri-cyclic anti-depressant drugs [75, 76].
However, it has been suggested that this effect may be artifactual
because of differential re-uptake of the amines [77]. Apart from its well
known neurotransm itter role, 5-hydroxytryptamine (5-HT) has been
implicated

in

the

pathogenesis

of delayed-type

hypersensitivity

reactions [78] and in migraine due to its effects on postcapillary venular
permeability.

1.4.1.3 Proteoglycans

Proteoglycans consist of a protein core surrounded by carbohydrate side
chains and are the m ain structural unit of the mast cell granules [79].
Their negative charge is due to a large num ber of sulphate groups which
react and stain w ith basic dyes.

This phenom enon still remains the

principle m ethod of m ast cell detection and classification [80, 81].
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Two m ain classes of proteoglycans have been identified in mast cells.
The first is heparin, which consists of an alternating sequence of serine
and glycine units to form the protein core.

Highly sulphated

glycosaminoglycan (GAG) side chains are attached to every second or
third serine residue by xylose-galactose-galactose-glucuronic acid links
uniquely found in all proteoglycans [82]. The GAG side chains consist of
repeating units of

linked disaccharides, comprising of irudonic acid

or glucuronic acid linked to glucosamine by p i _4 linkages [82, 83].
Histamine is associated with the carboxylic acid residues of irudonic
acid and glucuronic acid [84], while mast cell proteases are associated
with the GAGs [85,

8 6 ].

The second group of proteoglycans are the

chondroitin sulphates [87].
units of glucuronic acid in

These consist of P%_4 linked disaccharide
linkage to galactosamine.

The distribution of proteoglycans is dependent on the species and the
mast cell type and will be elaborated later in this chapter under
heterogeneity.

Their main actions are to facilitate the uptake and

packaging of preform ed mast cell m ediators in the secretory granules.
They also control the stability and activity of m ast cell proteases and are
thought to regulate these enzymes after release [72]. Heparin (and to a
lesser extent chondroitin disulphate E) also has a num ber of other
actions such as inhibition of the enzymes plasm in and kallikrein [8 8 ],
anticom plem entary activity [89] and potent anticoagulant activity [90].

1.4.1.4 Neutral Proteases

These enzymes are most active at neutral pH and are the m ain protein
constituents of the secretory granules in mast cells (20-50 %), but are not
present in substantial quantities in basophils [91]. The disposition of the
three m ain proteases tryptase, chymase and carboxypeptidase in the
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mast cells serves as a m eans to distinguish different m ast cell types
(particularly in man) [44, 65, 85].

Tryptase is a tetrameric serine endoprotease of 134 kD and is stored in its
active form in association w ith heparin in m an [85, 92], but no such
association has been found in the rat.

Its half-life is decreased after

release following mast cell activation due to the action of physiologic
concentrations of Ca^+ and m agnesium ions (Mg2+) [93]. This causes
the enzyme to detach itself from the sulphate moitiés of heparin and is
followed by a rapid dissociation of the tetrameric enzyme to its inactive
m onomers [92]. It is not inactivated by any plasm a protease inhibitors
[92], but some selective trypsin inhibitors such as leupeptin have been
developed and are useful compounds w hen studying the actions of a
specific protease on tissue responses in vitro [94]. These inhibitors have
also been shown to inhibit histamine release by affecting the Ca^+
m ovem ent into m ast cells [95].

Tryptase is involved in the generation of anaphylatoxin C3a from C3
[96], although its exact role in inflammation is not fully understood. It
also inactivates fibrinogen and is an im portant enzyme for the activation
of procollagenase.

This effect is observed in the breakdow n of the

synovial connective tissue in rheum atoid arthritis and of the epithelial
tissues in the lung [97]. It is this latter role that has implicated the mast
cell in the induction and maintenance of chronic inflammatory
conditions, previously thought to be prim arily governed by eosinophils
and other leukocytes.

Chymase is a monomeric serine endoprotease of 30 kD [98] which, like
tryptase, is stored in mast cell secretory granules in its active form bound
to heparin. However, it is not present in all mast cells and this is often
used as a way to classify hum an mast cells into two m ain groups [65];
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MCx (mast cells containing tryptase alone) and M C jC (mast cells
containing both tryptase and chymase).

Chymase is retained by the

proteoglycans during mast cell activation due to its insolubility and thus
can only act w ithin direct proximity of the m ast cells [95].

Chymase degrades neuropeptides (such as bradykinin) and has been
implicated in the control of blood flow [99]. It also converts angiotensin
I to angiotensin II and is thought to be involved in skin tissue separation
(and blistering), since in m an it is prim arily associated with skin mast
cells [100].

Furthermore, chymase has shown to be involved in the

generation of neutrophil chemotactic factors from IgG in the rat [95].

Other mast cell proteases include carboxypeptidase and cathepsin G but
their isolation in the hum an and their specific activities are still to be
studied fully.

1.4.1.5 Other Preformed Mediators

In addition to neutral proteases, m ast cells also contain acid hydrolases
which are also found in many other inflammatory cell types.

These

include p-glucuronidase, (3-hexosamidase and P-galactosidase which
degrade ingested materials in the lysosomes [101] as well as small
quantities of oxidative enzymes which inactivate certain eicosanoids
[102].

1.4.2 N ew ly Generated Primary M ediators

In addition to the preform ed m ediators, mast cells can also synthesize
and release a num ber of biologically active agents following stimulation
[51]. These include the arachidonic acid metabolites (collectively known
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as the eicosanoids), platelet activating factor (PAF) and cytokines which
act as inducers of chronic inflammation. Cytokines can also be released
from pre-form ed stores and are discussed separately, following this
section.

1.4.2.1 Arachidonic Acid Metabolites

The first step in the synthesis of these agents is the release of arachidonic
acid, which is found in membrane phospholipids and derived from
dietary linoleic acid [103].

This is achieved by the action of

phospholipase A 2 (PLA 2 ). Arachidonic acid is then in turn metabolized
by two distinct enzymatic pathw ays to yield prostaglandins (PCs) and
thromboxanes (TXs) via the cyclooxygenase pathw ay or leukotrienes
(LTs) via the lipoxygenase pathway.

Prostaglandin

synthesis

involves

the

action

of

cyclooxygenase

m em brane-bound enzymes which initially oxidise arachidonic acid into
the unstable hydroperoxy derivative PGG 2 . This is then reduced to
PGH 2 , which is metabolized to the more stable prostanoids PGD 2 , PGE 2
and PGF20 C/ as well as PGI2 (prostacyclin) and TXA2 [104]. In the mast
cell, the m ost abundant of these prostanoids is PGD 2 [105,106].

The effects of different prostanoids on smooth muscle contraction appear
to be essentially similar. Indeed, they all act via the same receptor on
this tissue and lead to bronchoconstriction [107].
prostanoids

differ

vasodilatation

and

from

one

platelet

another

in

aggregation.

their
The

However, the
ability

to

cause

metabolism

of

phospholipids, the production of eicosanoids and their m ain biological
effects are illustrated in fig 1.4.
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Leukotriene synthesis involves the action of 5-lipoxygenase which
requires Ca^*^ and ATP for translocation to the m em brane and activation
in

conjunction w ith

a membrane-bound

activating protein) [108, 109].

protein

(5-lipoxygenase

The first product via this route is 5-

hydroperoxyeicosatetraenoic acid (5-HPETE) and leukotriene A 4 (LTA4 )
[110]. LTA4 is then hydrolysed to LTB4 or, under the influence of LTCsynthase (a glutathione-S-transferase enzyme) [111, 112], to LTC4 which
under the peptidolytic actions of the enzyme generates LTD4 and LTE4
(Eig 1.4). The latter product is more stable and is often m easured in vivo
during

allergic reactions.

LTC4 , LTD4

and

LTE4

are

potent

bronchoconstrictors [113] and were formerly known as slow-reacting
substance of anaphylaxis (SRS-A), whereas LTB4 is a powerful
chemotactic m ediator for leukocytes [114,115].

Another arachidonic acid metabolite is PAF (l-O-alkyl-2-acetyl-snglyeery 1-3-phosphoryIcholine). This factor was nam ed because of its
effects on platelet aggregation [115]. It has now been dem onstrated that
it also has chemotactic and activating effects on eosinophils and
neutrophils [115, 116]. It can induce asthma symptoms by itself [117]
and has been shown to be synthesized from immunologically and nonimmunologically activated hum an lung mast cells [118, 119]. Moreover,
PAF has also been dem onstrated to activate mast cells at high
concentrations [1 2 0 ], but its exact role is still unknown.

1.4.3 Cytokines

Cytokines are a heterogeneous group of inducible proteinaceous
intercellular m ediators of molecular weights less than 80 kD. They are
water soluble and are often glycosylated in the Golgi apparatus before
release where they produce their cell regulatory activities via specific
mem brane receptors [121, 122].

Cytokine receptors are coupled to
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several secondary messenger systems involving the activation of tyrosine
kinases. These in turn lead to altered phosphorylation states of gene
regulatory proteins [1 2 1 ,

1 2 2 ],

or to the activation of signal transduction

pathways.

Unlike "classical" hormones, cytokines are directly mitogenic, act at short
range and are thought to be derivatives of the first primitive cellular
recognition systems [122]. Their m ain purpose is still to function as a
system of self recognition, and they may act in the protection of the
foetus in utero from rejection as well as in the orderly proliferation of
cells (morphogenesis) and the control of program m ed cell death
(apoptosis).

They also affect the activation, and recruitm ent of

inflammatory cells. However, such regulation is complex and frequently
involves the interplay of several cytokines at once, often w ith opposing
or complementary effects.

Although the role of cytokines in inflammation has only been a recent
focus for research, their importance was first appreciated much ealier by
Isaacs and Lindenmann in 1957 [123]. These researchers discovered that
avirulent or inactivated viruses induce a substance that confers
protection against a subsequent challenge w ith another virus.

They

named this substance interferon (IFN) and Isaacs proposed that it played
a role in the prim ary defence mechanism.

However, owing to

unsatisfactory preparations, some of the biological effects that were
originally ascribed to IFN were later found to be due to related
mediators that had not been isolated at that time [124].

The word "cytokine" was first used by Cohen in 1974 [125, 126] in order
to embrace the

categories

of proteins

known

as lymphokines,

monokines, haemopoietic growth factors, interleukins (ILs) and colony
stimulating factors as well as IFN. An extensive variety of these factors
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have been characterized and some of their m ain biological functions are
elaborated in the following sections.

1.4.3.1 Cytokines in M ast Cell Proliferation and Differentiation

In general, m ast cells, basophils and eosinophils are thought mainly to
arise from the action of granulocyte-macrophage colony stimulating
factor (GM-CSF), IL-3 and IL-6 on stem cell colonies in the bone m arrow
[127]. These cytokines transform the stem cells to precursor cells which
then develop further into commited lineages of progenitor mast cells,
basophils and eosinophils

[21].

The proportions of the above

inflamm atory cells appear to differ depending on the species.

This

phenom enon is observed in the guinea pig and rabbit, which are rich in
basophils but not in m ast cells. Conversely, rat and mice are rich in mast
cells and have few basophils.

However, no such inverse species

variation has been dem onstrated in m an which contain significant
num bers of both m ast cells and basophils [127].

The first evidence for the orchestration of m ast cell developm ent arose
from experiments by Razin et al [128] and Nabel et al [129] in the 1980's.
They independantly discovered that factors released from mitogenstim ulated T-cells influenced the developm ent of im m ature bone
m arrow -derived mast cells from the mouse. IL-3 was found to be the
responsible cytokine and further studies show ed that IL-4 and IL-9 (also
produced by T-cells) enhanced the effect of IL-3, although neither IL-4
nor IL-9 had any effect on their ow n [130, 131, 132].

More recent

experiments have show n that IL-10 can also enhance mast cell
developm ent in conjunction w ith IL-3 or IL-4 [133].

Thus, the early

developm ent of m ast cells (in rodents) appears to be dependent on an
optimal combination of T-cell-derived cytokines: IL-3 + IL-4 + IL-9 /IL10. However, these factors do not lead to full m aturity and mast cells
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grow n under the above conditions do not express their characteristic
proteoglycan content.

The above observations led to the search for the cytokine responsible for
the next stage in mast cell development and this was elegantly pursued
in a series of experiments by Kitamura ef fl/ [134,135,136]. They studied
two different types of mice. The first, Sl/Sl^ mice, were found to be
deficient in a cytokine called stem cell factor (SCF) or c-kit ligand (KL).
The second type, W /W ^ was deficient in c-kit receptors (CD117) for SCF
and though both types contained precursor m ast cells, they were
deficient in m ature mast cells. The experiment involved injecting the
Sl/Sl^ precursor cells (which contained the SCF receptors) into the
W /W ^ mice (which were devoid of receptors but contained the ligand).
This resulted in m ature m ast cell development. Although the nature of
SCF was not known in the earlier experiments, after SCF had been
cloned, it was possible to dem onstrate the above effect by direct injection
of the ligand into the Sl/Sl^ mice [135].

SCF is produced by fibroblasts together w ith nerve growth factor (NGF)
which can also lead to m ast cell maturation. These cytokines, together
w ith T-cell derived factors, are often used to culture and subsequently
harvest m urine bone m arrow-derived m ast cells [131,135,136].

Since m urine bone m arrow-derived mast cells and basophils are thought
to develop from the same progenitor cell, both cell types resemble a
mucosal mast cell form.

The transformation into a connective tissue

m ast cell type appears to be dependent on the action of SCF [137].
Similarly, cultured hum an bone m arrow-derived mast cells also share
m any of their attributes w ith basophils, although they are more difficult
to culture [138,139,140,141].
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It appears that the developm ent of the two m ain hum an mast cell types
in the tissues, nam ely MCp and M Cp^/ is dependent on the cytokine
profiles of T-cells and fibroblasts [21]. MCp predom inate in areas of
inflammation due to the rise in T-cells and it has been suggested that IL4 from T y l T-cell subsets is responsible for the increase in this m ast cell
type [138]. Conversely, M C j (2 develop and m ature under the influence
of fibroblast derived cytokines such as SCF, whereas IL-3 has no effect
on these cells [142].

Evidence for this hypothesis was fortified by

observations that patients suffering from acquired imm une deficiency
syndrom e (AIDS), where T-cell num bers are dram atically reduced, were
deficient in MCp but not M C j^ [138]. Following from this, it has been
suggested that MCp(] originate from a different precurser cell rather
than developing from MCp directly.

IL-3 and SCF have recently been shown to prom ote m urine m ast cell
survival [143,144,145] as well as the effects just described. Program m ed
cell death (PCD) or apoptosis is a phenom enon which appears to be as
im portant to the understanding of cellular interactions as is cell grow th
and differentiation [146, 147]. The experiments showed that culturing
m ast cells and basophils, the latter being deficient in SCF receptors
(CD117), in the absence of IL-3/SCF led to increased apoptosis. These
effects have so far not been dem onstrated on hum an m ast cells.

1.4.3.2 Cytokines and Mast Cell Activation

It has recently been shown that cytokines can both m odulate and trigger
m ediator release from hum an as well as m urine mast cells and basophils
[148].

SCF

enhances

histamine

and

eicosanoid

release

from

imm unulogically activated hum an skin [149], lung [150,151], uterus and
heart [151] m ast cells. However, the effect of SCF on the m odulation of
m ast cell m ediator release due to non-immunlogic stimulation is as yet
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unclear. Additionally, although SCF has recently been claimed to induce
histam ine release by itself from hum an skin mast cells, the effect on lung
m ast cells is debatable [151].

IL-1, IL-3, IL-5, GM-CSF and NGF have all been show n to m odulate
m ediator release from hum an basophils [152, 153, 154], but do not
trigger release by themselves except for IL-8 [150]. These cytokines do
not appear to have any effect on m ediator release from hum an lung mast
cells with the exception of SCF [150]. Conversely, IFN-y and IF N -a/p
have been shown to inhibit antigen-induced histamine release and act
reciprocally w ith IL-3 and IL-4 in the control of mast cell grow th [148].
Since IFNs are produced by the T y l T-cell subtypes, these cells appear
to oppose the activities of the T y 2 derived cytokines [155].

1.4.3.3 Cytokine Release from Mast Cells

As described earlier (section 1.1), the first evidence of cytokine
production from mast cells was provided by Chung et al [18]. These
workers m easured the release and RNA production of GM-CSF from
Abelson m urine leukemia virus (A-MuLV)-transformed tumorigenic
mouse mast cell lines. It was later shown that these cell lines expressed
RNA for IL-4 [156] and IL-3 as well as GM-CSF together w ith low levels
of cytokine secretion [157]. However, not all of these cell lines produced
detectable cytokine release or RNA expression [158].

The important discovery that m urine cells contained preform ed stores of
tum or necrosis factor-a (TNF-a) [159] (a key proinflamm atory cytokine)
has greatly renewed interest in mast cell research.

This is due to

observations that macrophages, T-cells and B-cells contain little
preform ed TNF-a bioactivity themselves [158].
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responsible for leukocyte cell adhesion to the microvascular endothelium
{via increased expression of extra-cellular leukocyte adhesion molecule 1 ,

ELAM-1) and it therefore plays a role in the manifestations of late-phase
allergic reactions [160].

This w ork was extended when studies by Richards et al [161] showed
that rat basophilic leukemia (RBL) cells were capable of releasing TNF-a
upon immunologic stimulation. These mast cell lines have now been
show n to produce a w ide variety of cytokines (including IL-1, IL-3, IL-4,
IL-5, IL-6 , IFN-y, GM-CSF as well as TNF-a) following immunologic or
calcium ionophore activation [162,163,164,165]. By secreting this array
of m ediators, mast cells can orchestrate imm ediate and chronic
inflamm atory events (for example by increasing neutrophil chemotaxis
[166]). Furthermore, the fact that mast cells are capable of producing IL3 and GM-CSF has led to the view that these cells can m odulate their
own grow th and functional activity.

The first study of cytokine production in m an was accomplished by
Steffen et al [167].

This group dem onstrated TNF-a production in

hum an basophils, and the production of ELAM-1 due to the release of
this cytokine from hum an lung tissue fragments. Basophils were also
show n to release IL-4 [168] and recently hum an mast cell lines have been
dem onstrated to produce the chemotactic cytokine IL-8 [169]. Purified
hum an lung mast cells have been shown to contain TNF-a RNA and
recent evidence has shown the release of this cytokine from skin mast
cells [170, 171]. A controversial paper by Bradding et al [172] reported
the first IL-4 release from hum an lung mast cells due to immunologic
activation. Additionally, preform ed mast cell stores of TNF-a, IL-3, IL-4,
IL-5 and IL-6 have been demonstrated by immunocytochemical staining
[170,171,172].
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However, the release of these cytokines from hum an skin and lung mast
cells is still in dispute and appears to be dependent on a num ber of
conditions. Studies of this type require highly purified preparations of
mast cells, which often leads to a reduction in their response to
secretagogues.

Some researchers have recom mended the use of

cytokine-containing culture media or purifying the cells using specific
low affinity antibodies (YB-5B8) for the c-kit receptor (CD117) [173].
This receptor binds to the membrane bound form of SCF in vivo, but the
extent to which it plays a role in mast cell activation is not yet known
[174].

Furthermore, the m ultitude of combined cytokine effects

governing the prim ing status of these cells has led to concern in defining
the parameters used in various culture protocols (discussed in chapter 5).

1.4.3.4 Effects of Cytokines in Allergic Inflammation

The role of cytokines in IgE synthesis has already been described in
section 1.3.1. In addition to T y2 m ediated cytokine B-cell stimulation,
mast cell derived IL-4 has also been implicated in exacerbating further
release of this particular cytokine from T y 2 cells [172]. IL-3, IL-4, and
IL-5 are associated w ith leukocyte prim ing as well as activation.
Furthermore, IL-5 and IL-8 have been show n to increase leukocyte
migration (chemotaxis) [170,175].

All these effects appear to fortify the pro-inflamm atory processes due to
T y 2 cells by providing an initial rapid stim ulus which then evokes a
cascade of events leading to the influx of neutrophils, eosinophils and
basophils to the tissues [172] (illustrated in fig. 1.5). Conversely, T y 2 derived IFN and IL-2 as well as mast cell eicosanoids can down-regulate
allergic reactions by inhibiting IL-4 m ediated IgE production [176].
Preliminary clinical experiments substantiate this hypothesis and
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demonstrate the importance of these mediators in the pathogenisis of
chronic inflamm ation [158,175].

1.4.4 H istam ine Releasing Factors (HRF)

HRF are a heterogenous group of peptides derived from a num ber of
inflammatory cells and tissues (such as the spleen) [177, 178] that form
yet another intricate netw ork in the control of mast cell m ediator release.
Research into their exact nature is still in its infancy but the evidence
appears to point to a control of mast cell activity in late phase (chronic)
inflammation [179,180].

One type of HRF (Ile-Ala-Arg-Arg-His-Pro-Tyr-Pro-Tyr-Phe; des-Leukinentensin) has been show n to be produced from the action of various
mast cell and non-mast cell derived proteases on album in in the rat
[181].

This factor not only causes histamine release but is also

chemotactic to both rat and hum an neutrophils. Though incompletely
characterized, these factors do appear to be distinct from the cytokines
already described above.

1.5

Mast Cell Activation Mechanisms

The processes governing m ast cell development and the pathogenesis of
allergic conditions are subtley controlled and generally take place over
long periods of time.

This complexity is m irrored in the intricate

intracellular biochemical pathw ays which are rapidly activated in the
m ast cells and lead to subsequent m ediator release.

1.5.1 Cascades in IgE-Dependent A ctivation - an Overview
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Cross-linking of IgE receptors activates several m em brane associated
enzymes [182, 183]. These include adenylate cyclase (and a subsequent
rise in cyclic adenosine m onophosphate, cAMP), phospholipase C (PLC),
a serine protease and, controversially, methyltransferase. Activation of
PLC leads to the generation of inositol-1, 4, 5, -trisphosphate (IP3 ) which
is released from the m em brane to the cytosol as well as diacylglycerol
(DAG), which accumulates in the plasm a membrane. IP 3 is responsible
for the mobilization of intracellular Ca^+ which in turn activates PLA 2 .
DAG activates diacylglyceride lipase as well as protein kinase C (PKC).
The action of these various enzym es leads to the production of
m embrane

fusagens

including

lysophosphatidylcholine,

monoacylglycerol, and lysophosphatidic acid which, together w ith DAG,
facilitate granule fusion and m ediator release. A hypothetical m odel for
IgE-dependent m ast cell activation is illustrated in fig 1.6.

1.5.2 Cascades in IgE-Independent A ctivation - an Overview

It is increasingly clear that the processes described above may vary
depending on the stimulus involved [182, 183]. This is represented by
studies in the rat that show that com pound 48/80 and calcium ionophore
A23187 do not induce a rise in cAMP as is observed w ith IgE crosslinking [183]. Additionally, although com pound 48/80 does induce
phosphatidylinositol (PI) turnover, A23187 does not. It has also been
shown that phorbol-12-myristate-13-acetate (PMA) circumvents all these
early biochemical processes and can release m ast cell histamine w ithout
Ca^+ mobilization [183]. These m ultiple pathw ays leading to m ast cell
and basophil degranulation are elaborated in the following sections.

1.5.3 Elevation o f Cytosolic Ca^'*'
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A rise in intracellular Ca^+ following mast cell activation has been well
documented [184,185, 186]. This ion is responsible for the regulation of
a num ber of signal transduction enzymes as well as participating in the
degranulation process. The importance of this ion in histamine secretion
has been demonstrated by the use of lanthanum ions [187, 188] which
have a similar ionic radius to that of Ca^+ but higher valency. Because
of this, lanthanum can displace membrane associated Ca^+ and block the
transport of the latter into the cell.

This subsequently leads to a

reduction in the histamine release [188]. Additionally, histamine release
can be induced by treatm ent w ith calcium ionophores [189, 190] or by
fusing m ast cells with liposomes containing the cation [191].

The cytosolic concentration of Ca^+ is about 0.1 |iM, whereas that of the
extracellular m edium is considerably higher (1 mM) [192]. This gradient
in the resting cell is m aintained by a Ca^+ pum p, which actively
transports the ion either out of the cell or into cellular organelles. These
organelles include the mitochondria, calciosomes or the endoplasmic
reticulum (ER) [193].

In m any systems, the effects of Ca^+ are m ediated through its interaction
with the ubiquitous binding protein, calmodulin (CaM) [194]. CaM is an
acidic protein (17 kD molecular weight), present in all eukaryotic cells
and able reversibly to bind up to four Ca^+ ions [194, 195, 196]. After
binding,

the protein

is stabilized

due

to

an

increased

helical

conformation and hydrophobic sites are exposed through which it can
interact with a variety of CaM sensitive proteins [196, 197].

The

involvement of this protein in mast cell and basophil stimulation has
been dem onstrated by the blocking of histamine release by various CaM
inhibitors [198, 199]. These agents include naphthalene sulphonamides
and neuroleptic drugs such as phenothiazines.
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Upon immunologic activation, a rise in cytosolic Ca^+ can be produced
by two mechanisms. The first is by opening Ca^+ channels and thereby
allowing movement of the ion into the cell from the external milieu [2 0 1 ,
202]. This has been demonstrated by the uptake of radio-isotopic Ca^+
into anti-IgE stimulated rat [203] and hum an [204] mast cells, an effect
which correlates w ith the release of histamine.

The second process

involves the release of the ion from intracellular stores as shown by
experiments using the intracellular fluorescent probe quin-2 [205].

Although extracellular Ca^+ is required for maximal histamine release,
studies using buffers lacking this ion have shown that cell activation is
still achieved [206].

This highlights the importance of mobilizing

intracellular stores of the ion during mast cell activation.

The best

examples of this effect have been observed using non-immunological
stimuli such as compound 48/80, polylysine and peptide 401 [189, 190,
191]. The resulting histamine release has been ascribed to the release of
sequestered Ca^+ residing deeply buried in the inner surface of the cell
membrane.

The

prolonged

exposure

of

the

cells

to

ethylenediaminetetraacetic acid (EDTA, a Ca^+ chelator) in Ca^+-free
buffer renders the mast cells unresponsive to secretagogue activation by
removing these membrane associated Ca^+ pools [189,190, 206].

Conversely, brief treatm ent w ith EDTA has been shown to enhance
histam ine secretion [190]. This is thought to result from the removal of
Ca^+ ions from regulatory sites in the cell membrane.

This loss

destabilizes the cell leading to increased mobilization of the ion from
intracellular stores. High extracellular concentrations of this ion have
the opposite effect by saturating the regulatory binding sites, stabilizing
the cell and lowering further uptake [190].

1.5.4 Phospholipid M etabolism
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One of the processes leading to the elevation of cytosolic Ca^+ involves
the hydrolysis of membrane phospholipids and the production of IP 3
[207].

The

first

step

in

this

process

is

the

conversion

of

phosphatidylinositol to the 4-monophosphate (PIP) followed by a further
conversion to the 4,5-bisphosphate (PIP2 ) due to the action of ATPdependent specific kinases [207].

Following receptor activation, a

mem brane guanine nucleotide binding protein (G-protein) then activates
PLC which in turn hydrolyses PIP 2 to IP 3 and DAG [207,208, 209].

IP 3 interacts w ith specific receptors [210, 211] on the ER.

These are

similar in structure to receptors for the plant alkaloid ryanodine [209,
211]

and their activation results in the opening of Ca^+ channels and the

release of the cation from the ER [212]. Extracellular Ca^+ then enters
the cell to maintain the physiologic response and replenish intracellular
stores of the ion, an effect which is possibly m ediated by inositol-1, 3, 4,
5, -tetra-kisphosphate (IP4 ) [213].

DAG activates PKC, which is an enzyme that can also be stim ulated by
tum our prom oting agents such as PMA [214].

PLC and PKC are

ubiquitous enzymes and exist in m any isoforms which are responsible
for variations of function in different tissues [201, 202]. An example of
this is the selective activation of PKC in basophils using the phorbol ester
PMA [215, 216, 217] and this may indicate a new therapeutic target for
the development of specific PKC inhibitors.

The actions of PKC and Ca^+ have been dem onstrated to lead to an
alternative route for DAG production by m odulating phospholipase D
(PLD).

This enzyme cleaves phosphatidylcholine (PC) to produce

phosphatidic acid, which is then converted to DAG by phosphatidate
phosphohydrolase [218, 219, 220]. Preliminary studies appear to show

39

C h apter 1

some degree of selectivity as to whether DAG is formed from the PLD or
PLC routes [219, 220, 221, 222, 223, 224]. These results show that, in
general, connective tissue mast cells prefer the indirect PC-PLD
pathway, whereas mucosal m ast cells utilize a combination of direct PCPLC and indirect pathways.

PKC

transduces

receptor-induced

signals

by

phosphorylating

mem brane-bound substrates which, in turn, act as effectors of specific
cellular responses. One of these substrates is myristoylated alanine rich
C kinase substrate (MARCKS), an 80 kD protein that is colocalized w ith
PKC on the plasm a membrane [225, 226]. On PKC activation, MARCKS
dissociates from the membrane and binds to CaM as well as actin [226,
227] where it can mediate the effects of Ca^+ and the rearrangem ent of
the actin skeleton, respectively. In the latter role, this is a prerequisite
for

cellular

locomotion

during

chemotaxis

dem onstrated in neutrophils [226].

and

this

has

been

Interestingly, bacterially derived

substances (such as f-Met-Leu-Phe) have been show n to induce
neutrophil chemotaxis and a corresponding movement of MARCKS
from the cell membrane to the cytosol [226].

1.5.5 G-proteins

G-proteins are a family of oligomeric heterotrim ers (each consisting of
one a, one P and one y subunit) which interact between receptors and
specific secondary messenger pathw ays [228, 229, 230]. The a subunit
contains

a

guanine

nucleotide

triphosphatase (GTPase) activity.

binding

region

and

guanosine

At rest, the a subunit is bound to

guanosine diphosphate (GDP) and is associated w ith py domains. On
activation, GDP is displaced by guanosine triphosphate (GTP) followed
by dissociation of the a and py subunits which both influence regulatory
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enzymes [230]. The GTPase on the a subunit then converts GTP to GDP
which allows for the re-association of a-Py.

A num ber of different G-proteins have been linked to specific activities.
In mast cells, adenylate cyclase activity has been shown to be regulated
by a Gg-type G-protein which leads to the formation of cAMP, a process
which is inhibited by G q and G[. Another G-protein, G q, has recently
been characterized and mediates its effects by coupling to PLC [231].
Evidence now suggests that a late-acting G-protein, term ed Gg, can
mediate exocytosis [232]. This is thought to involve dephosphorylation
of a calcium binding protein and is facilitated by Ca-+ and coupling to
Gg.

Although G-proteins can clearly regulate m any signal transduction
processes, their importance in IgE m ediated events has not proved to be
essential.

This has been dem onstrated by the insensitivity of IgE-

dependent histamine release from RBL and rat peritoneal m ast cells to
pertussis toxin (a G-protein inhibitor)

[233, 234, 235].

However, a

num ber of basic molecules such as compound 48/80, m astoparan (a
toxin from wasp venom), bradykinin and substance P are thought to
activate m ast cells via G-protein m ediated processes [236, 237, 238, 239,
240].

Their mechanism of action is believed first to involve direct

interaction w ith negatively charged sialic acid residues [236, 237, 238,
240, 241]. These are deeply em bedded in the plasm a m embrane, and
once bound to the basic molecules, presum ably activate a G-protein,
eventually leading to histamine release [236, 237, 239].

1.5.6 Cyclic N ucleotides

The role of cyclic nucleotides, though intensively researched, is not
clearly understood.

Both IgE and G-protein m ediated m ast cell
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activation have in some cases been shown to lead to increased adenylate
cyclase activity [242] and subsequent generation of cAMP. However,
these findings have been disputed by a num ber of authors [243, 244].

cAMP is known to be involved in many cellular processes and was the
first secondary messenger to be m easured in mast cells [245].

These

processes mainly involve cAMP-dependent protein kinase which is
ubiquitously found and has m any kinds of substrates.

Most of these

substrates are phosphorylated at serine or threonine residues [246].

Another cyclic nucleotide is guanosine 3', 5'-cyclic m onophosphate
(cGMP) and is generated by the action of the enzyme guanylate cyclase
on GTP. As with cAMP, cGMP mediates its effects through a cGMPdependent protein kinase, which has similar actions to cAM P-dependent
protein kinase except for a more limited range of substrates [247].

The net effects of increased cAMP and cGMP on m ediator release are
conflicting. Both up- [242, 248] and down-regulation [249, 250] of signal
transduction processes have been observed with both types of cyclic
nucleotides. However, the general pattern indicates that cAMP is more
likely to have an inhibitory action, whereas cGMP is largely pro-exytotic,
although the balance of the ratios of both messengers may be important.

Cyclic nucleotides have been a productive focus for therapeutic agents.
They are inactivated by phosphodiesterases (by hydrolysis) and a
num ber of inhibitors of these enzymes have been developed [251].
Furthermore, drugs that elevate cAMP (such as p-agonists) have been
show n to inhibit histamine release, possibly due to a reduction of
cytosolic Ca^+ and downregulation of PI turnover [252, 253, 254, 255].
(The action of drugs will be discussed later in this chapter.) These types
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of drugs are im portant since cAMP mediated cellular pathw ays are also
involved following H 2 receptor activation .

1.5.7 Protein Phosphorylation

As previously described, Ca^+-dependent phosphorylation of cellular
proteins due to kinases leads to mast cell activation.

Rat mast cell

activation w ith anti-IgE, calcium ionophore A23187 and compound
48/80 has been shown to lead to the phosphorylation of four different
proteins [256, 257, 258, 250]. These have molecular masses of 42, 59,

68

and 78 kD and, except for the 78 kD protein, all are phosphorylated at
the start of histamine release and are gradually dephosphorylated
thereafter at different rates. The phosphorylation of the 78 kD protein is
m uch slower, occuring after cell degranulation, thus implicating this
protein in the term ination of exocytosis.

Recent studies have shown that IgE and cytokine m ediated m ast cell
activation results in the phosphorylation of tyrosine residues due to the
action of tyrosine kinases (TKs) [174, 259, 260]. TKs are thought to be in
close association with high affinity IgE receptors [261, 262], though the
IgE receptor does not possess any TK activity itself [259, 262]. This has
been dem onstrated in m urine cell lines as well as RBL-lines and the TKs
are thought to be related to src oncogenic proteins [262].

Num erous TK substrates have now been identified, including the P and
y subunits of the high affinity IgE receptor (FcgR%) [263] as well as the yl
subunit of PLC [264]. Phosphorylation of the latter is believed to trigger
PKC and Ca^+ signals, but the results are conflicting [265, 266].
Phosphorylation of a 72 kD substrate protein following IgE crosslinking
has been noted in the release of cytokines [267], but this research is still
in its infancy.
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1.5.8 Serine Esterase A ctivation

The addition of inhibitors for chymotrypsin and trypsin, such as
diisopropyl fluorophosphate (DFP) has been show n to inhibit histamine
release from m ast cells and basophils [268, 269, 270, 271].

A

chymotrypsin-like serine esterase is thus thought to be involved in this
effect [272].
internalized

Further evidence for this proposal has come from an
fluorescent a-chym otrypsin

substrate, which

showed

directly that activation of a serine esterase was prom oted by anti-IgE but
not compound 48/80 or calcium ionophore A23187 [273].

However,

despite these observations, this enzyme has not been fully characterized.

1.5.9 Ion Channels and Membrane P otential

Although mast cell ion channels appear to be receptor operated (unlike
voltage operated nerve channels), rapid changes in m em brane potential
have been detected [274]. This has been implicated in exocytosis since
IgE-mediated cell depolarization correlates w ith exocytosis but not with
the degree of cross-linking [193, 275, 276].

As previously discussed, Ca^+ transport into the cell occurs during mast
cell activation and is thought to be controlled by G-proteins [277] and
IP 4 [213].

It has recently been dem onstrated that Ca^+ and cAMP

activate chloride (Cl") channel opening [275]. The subsequent flux of this
ion

into

the

cell may

therefore

enhance

further

Ca^+

influx.

Eurthermore, blockade of this channel has been shown to inhibit mast
cell degranulation [276].
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Unfortunately, the exact mechanisms described above (and in preceding
sections) are far from being understood, as is the interplay of all these
biochemical pathw ays that lead to m ast cell activation [182].

1.6

Anti-Allergic Compounds

A num ber of drugs have been developed w ith a view to treating allergic
diseases. This has involved approaches including inhibition of m ast cell
m ediator release as well as the discovery of drugs that prevent the
actions of these mediators on other cells. Since all inflammatory cells
either arise from common precursors or are influenced by ubiquitous
regulatory factors, it is not surprising to find that most anti-allergic
drugs act on a variety of inflammatory cells. The m ain classes of drugs
used in anti-allergic therapy are highlighted in the following sections.

1.6.1 Cromoglycate-like Drugs

The developm ent of these agents arose from the modification of the
naturally occuring com pound khellin, which is derived from the seeds of
Am m i visnaga [278, 279], known for its smooth muscle relaxant

properties. However, due to its propensity to cause vomiting and its low
aqueous solubility, attempts were m ade to modify khellin and this
resulted in the development of disodium cromoglycate (DSCG).

Experiments by Cox and Altounyan in 1970 [280] dem ostrated that long
term treatm ent with DSCG could block hypersensitivity reactions during
the pollen season in pollen-sensitive asthmatics.

Subsequent work

extended the above observation and showed that DSCG was of
therapeutic value in asthma [281]. Further studies eventually led to the
introduction of the more potent congener, nedocromil sodium [282].
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DSCG and nedocromil are ionized at physiological conditions and
therefore do not enter the cell. They are poorly absorbed orally and
because of this, are usually introduced into the lungs as a micronized
pow der [283]. A substantial advantage for their clinical use is their lack
of toxicity in m an and high degree of tolerance.

These drugs are commonly referred to as "classical mast cell stabilizers"
since they inhibit mediator release from certain types of m ast cell [46].
They are effective agents w hen given prophylactically against imm ediate
hypersensitivity reactions but are less effective in intrinsic conditions
and only 70 % of asthmatics respond to treatm ent [281]. In addition,
these drugs are active against antigen-induced late phase responses
which are associated with the accumulation of other inflamm atory cells
[282, 284]. However, their m ode of action, despite nearly 30 years of
clinical use, is unfortunately still unknown.

It has been suggested that chromones may act by sequestering
extracellular Ca 2+ or by blocking receptor-mediated uptake of the cation
[285]. However, subsequent experiments showed that DSCG inhibited
mast cell histamine release in the absence of added Ca^+ [190] as well as
secretion due to the calcium ionophore A23187 [56, 190, 286, 287]. Other
explanations include the stabilization of the m ast cell m em brane [53],
inhibition

of

phosphodiesterase

[288]

and

the

prom otion

of

disaggregation of microtubules [289]. The currently accepted target for
the action of these drugs is the phosphorylation of a 78 kD protein [256],
which is a substrate for PKC (described in part 1.5.7).

An im portant characteristic of these drugs is their tendency to exhibit
tachyphylaxis in vitro, so that their ability to prevent histamine release
decreases rapidly on short term preincubation w ith certain isolated mast
cells before the addition of the secretory stimulus [287]. However, no
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tachyphylaxis is observed in vivo or on long term incubation with
nedocrom il sodium in m urine cell lines [290].

It is believed that

tachyphylaxis m ay represent the automatic dephosphorylation of the 78
kD protein discussed above [257]. Interestingly, dibutyryl- as well as 8 bromo-cyclic GMP have the same effect on histamine release and the 78
kD protein as DSCG [291].

This suggests that the chromone may

produce an elevation of cGMP, which then phosphorylates the 78 kD
protein and reduces m ediator release.

The extent of tachyphylaxis and the "m ast cell stabilizing" ability of
cromoglycate-like drugs have been shown to differ m arkedly depending
on the type of stimulus used as well as the type of mast cell studied.
DSCG is reported to be generally most active on rat connective tissue
m ast cell types, such as those from the peritoneum , but less effective on
mucosal types [183, 292, 293].

In man, DSCG is most effective on

bronchoalveolar mast cells [294, 295], less effective on dispersed lung
[294, 295, 296] and ineffective on basophils [295] and skin m ast cells [296,
297].

These differences, which are clear examples of m ast cell

heterogeneity (see sections 1.7), have obviously caused concern about the
type of m ast cell model used when testing this class of drugs.

In addition to their effects on mast cells, DSCG and nedocromil sodium
m ay m odulate the activity of a num ber of other inflammatory cells and
m ay regulate neuroeffector mechanisms [298].

1.6.2 ^-Receptor Agonists

A drenaline has been used to treat asthma and anaphylaxis for nearly 90
years. Its mode of action involves stimulation of both a- and P-receptors
which, in addition to beneficial bronchodilatory activities, causes
num erous undesirable effects, in particular, cardiac arrhythm ias [299].
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To overcome some of these problems, modifications to the adrenaline
structure have produced a group of P-agonists which are selective for the
p2 -receptors governing the relaxation of smooth muscle and m ast cell
secretion [299].

These drugs include isoprenaline (non-selective p-

agonist), salbutamol (moderately p2 -selective) and salmeterol (highly p2 selective).

Studies by Schild [300] as far back as 1936 showed that adrenaline
inhibited histamine release from isolated guinea-pig lung tissue. It was
subsequently shown that salbutamol also inhibits histamine release from
isolated hum an lung m ast cells [296, 297, 301], but had little effect on rat
peritoneal mast cells [302]. However, in vivo studies by Inagaki and co
workers [303] showed that intravenous administration of salbutamol or
isoprenaline can inhibit histamine release from the peritoneal cavity
caused by intravenous antigen injection. W hen injected directly into the
peritoneal cavity, the drug failed to have any effect. It was suggested
from these studies that the prim ary effects of these drugs were therefore
m ediated through the vascular endothelium.

The interaction of p2 -agonists with their receptors leads to an elevation
of cAMP [186, 304].

The latter is thought to produce inhibition of

mediator release through decreasing cytosolic Ca^+, possibly by
reducing PI turnover [249].

Salmeterol has greater affinity for P2 -

receptors and has a longer-lasting effect than salbutamol [305, 306]. This
gives the drug a longer and more potent action than the other P2 agonists.

In general, these drugs have similar actions on various hum an m ast cells
and are more effective in inhibiting the release of PGD 2 than histamine
[296].

They do not usually produce tachyphylaxis except when
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preincubated w ith the mast cells for long time periods [290, 297].
However, unlike DSCG, salbutamol and salmeterol have in some clinical
cases been reported to cause tachyphylaxis in vivo due to the downregulation of p-receptors [307, 308, 309].

Despite the use of these compounds as "rescue" drugs, given their
imm ediate bronchodilatatory effects [310, 311], they do not inhibit latephase responses, unlike DSCG and nedocromil sodium. Additionally,
despite im provem ents in therapy, asthma m ortality has increased and
this rise appears to correlate w ith the increased usage of bronchodilators
[312]. Recent studies by Green et al point to the m odulatory role of
heparin in allergic conditions [313].

These studies show ed that

salbutamol is m ore potent at inhibiting m ast cell heparin release than
DSCG and therefore may be detrim ental to the internal self-control of
inflamm atory conditions.

1.6.3 M ethylxanthines

These agents, present in tea and coffee, have been used in the treatm ent
of asthm a

for nearly

700 years.

The

most

commonly

used

m ethylxanthine at present is theophylline, a potent inhibitor of
anaphylactic m ediator release from hum an m ast cells [314, 315]. It is
also active on rat connective tissue mast cells [292, 316, 317, 318], but
inactive on m ucosal mast cells of the rat intestine [292].

The effect of this class of agent is to prevent the conversion of cAMP to
AMP by inhibition of phosphodiesterase [318, 319, 320, 321]. Mast cells,
leukocytes and bronchial smooth muscle contain a particular isozyme of
phosphodiesterase (type IV) for which specific inhibitors have been
developed [322, 323]. Another mechanism of action of these drugs has
been proposed to involve the antagonism of adenosine receptors and
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inhibition of adenosine-induced bronchoconstriction [323, 324, 325].
This has been dem onstrated in vivo [326, 327] using theophylline, but
other agents such as enprofylline have no such effect [132]. However,
methylxanthines are only of therapeutic use over a very narrow range of
concentrations [329] and elevated doses of these agents are extremely
toxic, causing cardiac arrhythmias, for instance.

1.6.4 Non Steroidal A nti-Inflam m atory Drugs (NSAIDS)

These drugs inhibit cyclooxygenase and so prevent the production of
PGD 2 [330]. This was demonstrated in 1971 when Vane showed that
aspirin and indomethacin acetylate a serine residue on the enzym e [330].
However, these drugs are not clinically effective in the m anagem ent of
allergic conditions and 10-30 % of asthmatics suffer potentiated
symptoms due to their use [331, 332]. It is thought that the inhibition of
the cyclooxygenase pathw ay leads to a compensatory increase in the
generation

of leukotriene products due

to an

up-regulation

of

lipoxygenase [333,334].

Studies of the effects of NSAIDS on histamine release from various mast
cell types have produced contradictory reports ranging from inhibition
through to striking potentiation due to a num ber of secretagogues [335,
336, 337, 338, 339]. Although the reason for this variation is not known,
it is likely to involve a concert of effects such as the labilisation of the
plasm a m em brane and calcium translocation as well as cyclooxygenase
inhibition [339].

1.6.5 Alternative Agents: Chinese Herbal Extracts

Although often viewed with intense misgivings, herbal medicine has
been responsible for many precursors of therapeutically active agents.

50

C hapter I

This is typified by the examples of aspirin, derived from salacin in
willow tree bark and digitalis, an extract from foxglove containing
digoxin, digitoxin, strophanthin and ouabain. Both agents are still in use
as a NSAID and cardiac glycoside respectively. However, these drugs
are the most prom inent examples of herbal extracts w ith known toxicity
and are commonly quoted in reference to the failings of herbal medicine.
Nevertheless, their derivatives have proved benificial and together with
chromones give an excellent example of how herbal extracts have
provided new lead com pounds for clinical benefit.

The ability of certain herbs to produce agents for the treatm ent of
various diseases has been

known for millenia.Briefly, the variety of

natural medicines arises from

the abundant capacity of plants to

synthesize secondary metabolites [340], although the extraction and
isolation of the active compounds from the starting m aterial has always
proved to be complicated and costly.

Recent studies on a traditional Chinese herbal extract have aroused
interest by initial reports that patients w ith atopic derm atitis derived
substantial benefit in 80 % of cases w hen treated w ith these agents [341].
This was supported by several clinical trials which basically agreed with
previous unpublished observations [342, 343].
shown

a

reduction

of IL-4induced

CD23

In vitro studies have

(low

affinity

IgE

receptors / FcgRII) expression on the surface of monocytes due to the
action of these herbs [344]. This system was used since IL-4 induced
monocyte CD23 expression has been show n to increase in atopic
dermatitis [344, 345].

The Chinese herbs consist of 10 different plant materials listed and
discussed in chapter 3.

However, the effects of these individual
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components

in

the

aforementioned

studies

have

not yet been

investigated.

1.7 Mast Cell Heterogeneity

Following the developm ent of enzymatic dispersion techniques for the
study of isolated m ast cells of animals and hum ans, it is now well
established that these cell types differ m arkedly from one another [346].
This plasticity m ay exist in order for these cells to respond to
microenvironmental changes brought about by disease [21, 346]. Mast
cell heterogeneity is observed anatomically, in differences of m ediator
content, sensitivity to secretagogues and in responses to pharmacological
agents.

Heterogeneity is governed by a num ber of cytokines and other factors
which have been briefly discussed in this role in section 1.4.3.1 but the
manifestations and consequences of these differences are elaborated
below.

1.7.1 M ast Cell Heterogeneity: Histochemical Differences

Although Maximow [17] was the first person to appreciate that mast
cells differed betw een anatomical locations, it was Enerback who
dem onstrated differential staining characteristics between m ast cells in
rodents [14, 15, 16]. He showed that mast cells from the lower layer of
the rat intestine lost their metachromatic staining w hen fixed in
formaldehyde, while those from the mucosal layers did not. The cells
from the lower intestinal layers resemble those from other connective or
serosal tissues and are commonly referred to as form aldehyde-resistant
or connective tissue m ast cells (CTMC) [21]. Conversely, those cells from
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mucosal sites are known as formaldehyde-sensitive or mucosal mast
cells (MMC).

The reason for the loss of metachromatic staining appears to be based on
the relative potential of aldehyde moitiés on the proteoglycan m atrix to
be blocked by the fixative [347]. This may also be due to the fact that
MMC contain chondroitin sulphate rather than heparin, as found in
CTMC [348].

Differences in the distribution of charge on the

proteoglycan can be dem onstrated w ith dyes such as alcian blue and
safranin. CTMC display metachromatic staining w ith safranin whereas
MMC stain orthochromatically w ith alcian blue, compatible w ith the
reduced level of proteoglycan sulphation [348]. Additionally, berberine
sulphate strongly fluoresces on complexation with CTMC heparin but
not w ith chondroitin sulphate in MMC granules [349].

CTMC are larger, have a more defined shape and a greater am ount of
histamine (10-30 pg/cell in CTMC and 0.1-3 pg/cell in MMC) but not
serotonin than MMC [77, 350]. The latter resemble their bone-m arrow
derived progenitors [351] which are often cultured in IL-3/IL-4 and IL9/10 to yield m ature mast cells for experimental purposes [128, 129, 351,
352, 353].

Histochemical differences in m an are more complex than in m urine mast
cells. Evidence of mast cell heterogeneity as found in the rat does exist
as exemplified by Strobel et al [354] and Befus et al [355]. However, this
is not extensive and the distinction between hum an m ast cell types as
defined exclusively by their staining ability is generally accepted as no
longer valid [348]. Furthermore, the tendency to prom ote the view of the
existence of only two mast cell types which are confined to certain
tissues is misleading. This point is symbolized by the observation that
"mucosal" m ast cells usually found in the lamina propria of the intestine
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also reside in the submucosa and the muscle [355]. Therefore, at any
given anatomical location, there are sub-populations of mast cells which
are not confined to topographical regions and which cannot be
distinguished from one another by staining [348].

Furthermore, in

contrast to other CTMC types, hum an cutaneous m ast cells are largely
form aldehyde resistant and stain w ith safranin [356, 357].

The lack of clarity in determining hum an m ast cell types due to
proteoglycan staining may be due to different proteoglycans present in
the same cell type.

H um an lung mast cells contain two types of

chondroitin sulphate (types E and A) [356] as well as heparin [348, 357]
which is of lower molecular mass than that found in the rat (60 kD as
opposed to 650 kD in the latter). The ratio of chondroitin sulphate to
heparin has been calculated as

2:1

in the hum an lung mast cell [358].

Conversely, only one type of proteoglycan is present in stomach and
colon MMC which contain chondroitin sulphate w ithout heparin.

1.7.2 M a st Cell Heterogeneity: Biochemical Differences

Mast cells can also be distinguished by their protease content [348, 357,
359].

Rat CTMC contain carboxypeptidase and a chymotrypsin-like

neutral protease term ed rat mast cell protease I (RMCP-I), whereas MMC
and bone m arrow-derived mast cells contain a neutral protease term ed
rat mast cell protease II (RMCP-II) [360, 361, 362]. Specific antibodies
have been shown to distinguish between these proteases despite
homologous amino acid sequences [363].

As already described (section 1.4.1.4), hum an mast cells are categorized
depending on their protease content (MC j /M C j q ) and are dependent
on a num ber of cytokines for their developm ent (section 1.4.3.1) [21].
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Arachidonic acid metabolites from the cyclooxygenase or lipoxygenase
pathw ays differ betw een various mast cells types. Rat peritoneal mast
cells metabolize arachidonic acid mainly via the cyclooxygenase route to
produce PGD 2 and dim inutive amounts of leukotrienes [364]. This is
contrasted by the production of PGD 2 as well as LTB4 and LTC4 in
MMC [365] although, in bone m arrow-derived mast cells, the synthesis
of LTC4 predom inates [366]. H um an mast cells have been show n to be
capable of producing both PGD 2 and LTC4 [254, 366, 367, 368].
However, the short biological half-life of these m ediators and the lack of
highly purified mast cell preparations makes the detailed study of this
problem difficult.

1.7.3 M ast Cell Heterogeneity: Functional Differences

The responses of various mast cell types to the action of drugs have
already been discussed in previous sections. In addition to these actions,
mast cells respond very differently to diverse secretory stimuli [347, 369,
370, 371]. This is typified by the fact that skin m ast cells are activated by
peptides unlike those of the lung [347, 356, 371, 372]. The skin m ast cells
also reach optim al degranulation at lower tem peratures (30 °C rather
than 37 ^C) which allows for maximum activation at norm al in vivo skin
tem peratures [372].

"The classic m ast cell degranulating agent", the synthetic polyamine
compound 48/80, is also specific in its action. It is a potent releaser of
histamine from rat serosal mast cells [373] as well as from those of
enzymatically dispersed mesentery, lung and skin [348, 374]. However,
the poly amine has no effect on cardiac or intestinal mast cells. In man,
this com pound is active on skin, placenta and synovium [56, 369, 375],
but ineffective on lung, tonsil, adenoid and colonic isolated m ast cells
[63, 64, 369].
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1.8 Aims of this Study

The orchestration of allergic disease is controlled through the action of
cytokine mediators. Until recently, cytokine production from mast cells
had only been m easured from rodent models.

The m ast cell plays a

crucial role in the onset of allergic disease by the release of prim ary
mediators. The m ain aim of this study is to investigate whether hum an
lung mast cells can also produce cytokines and thereby play a pivotal
role in the augm entation of allergic disease.

In addition to the above project, the effects of various established and
novel anti-allergic drugs on m ediator release from rat and hum an m ast
cells were investigated.

The above studies require highly purified m ast cells, the procedures for
the isolation of which can often lead to reduced m ediator release. The
possible origin of this effect is also investigated for mast cells of the
hum an skin, lung and rat peritoneum.
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Fig 1.1 Model of the Basic Structure of Immunoglobulin E (IgE)

Antigen binding

Cell binding
Complement activation

Where Vh and V l depict the variable amino acid sequences (between
immunoglobulins) of the heavy and light peptide regions respectively. Constant
regions are denoted

C h i , C h2

and

C h3

for the main heavy chain regions and

Cl

represents the constant light chain region.

Adapted from L. Stryer: Biochemistry, Freeman Publications, San Francisco, (1975) and I.
Roitt: Essential Immunology, Blackwell Scientific Publications, London, (1988).
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Fig 1.2 Model of the High Affinity Receptor for IgE (Fc^RI), showing
the Relationship between the Subunit Chains and the Plasma Membrane

Ig E Bmding Region

Extracellular

NHo

NH?

Transmembrane
Region
COOK
a Cham

COOH

NH2

p Chain

COOH COOH

\/
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Fig 1.3 Biosynthesis and Metabolism of Histamine
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Fig 1.4 Phospholipid Metabolism and the Production of Eicosanoids
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Fig 1.5 The Role of the Mast Cell in Acute and Chronic Allergic Inflamm ation
of the Lung
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Fig 1.6 M odel of the Biochemical Cascades Involved in IgE -dependent
Mast Cell and Basophil Activation.
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Chapter Two

Materials and Methods
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2.1

Materials

2.1.1 M aterials fo r Buffers

Bovine serum album in (BSA)

Sigma, London

Calcium chloride

Hopkins and Williams

EDTA

BDH Chemicals

Glucose

BDH Chemicals

N-2-hydroxyethylpiperazine-N'-2-

BDH Chemicals

ethanesulphonic acid (HEPES)
Hydrochloric acid

Fisons

Potassium chloride

Fisons

Sodium chloride

Fisons

Sodium dihydrogen orthophosphate

Hopkins and Williams

Sodium hydroxide

BDH Chemicals

2.1.2 Histam ine Secretagogues

Calcium ionophore A23187

Calbiochem

Com pound 48/80

Sigma, London

Rabbit antiserum to hum an IgE (anti

Dako

hum an IgE)
Sheep antiserum to rat IgE (anti-rat

ICN

IgE)
Stem cell factor (SCE)

Sigma, London

Substance P

Peninsula

Triton X-100

Sigma, London

2.1.3 Compounds th a t Inhibit Histamine Release

Gift from Phytopharm Ltd

Chinese herbal extracts
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Placebo

Gift from Phytopharm Ltd

Disodium cromoglycate

Gift from Mr. P. Sheard, Fisons

Indom ethacin

Sigma, London

Isoprenaline

Sigma, London

Nedocromil sodium

Gift from Mr. P. Sheard, Fisons

Salbutamol

Gift from Dr. D.E. Bays, Glaxo

Salmeterol

Sigma, London

Theophylline

Sigma, London

2.1.4 Protease Inhibitors

Aprotonin

Sigma, London

Leupeptin

Sigma, London

Soybean tryptase inhibitor

Sigma, London

(SBTI)

2.1.5 M aterials fo r PGD2, H istam ine and C ytokine A n a lysis

Butan-l-ol

Eisons

Enzyme-Linked

R&D Systems, UK

Im m unosorbent Assay (ELISA)
Kits
n-Heptane

Fisons

Methanol

BDH Chemicals

Perchloric acid (72%)

May and Baker

o-Phthaldialdehyde (OPT)

Sigma, London

PGD 2 [3H]-

Amersham, UK

Radioimmunoassay (RIA) kit
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2.1.6 M aterials fo r RN A Isolation^ Northern B lotting and R N A H ybridization

ot_[32p] dCTP "M egaprime" kit

Amersham

Actin cDNA

Clonetech

Agarose

Sigma, London

Bromophenol blue

Sigma, London

Citric acid (trisodium salt)

Sigma, London

Denhardt's

Sigma, London

Dextran sulphate

Sigma, London

Diethylpyrocarbonate

Sigma, London

Ethidium brom ide (10 m g /m l

Sigma, London

solution)
Formamide

Fluka

GM-CSF cDNA

ATTC

Guanidinium isothiocyanate

Sigma, London

Isopropanol

Sigma, London

Isoamyl alcohol

Sigma, London

2-Mercaptoethanol (2-MF)

Sigma, London

3-(N-Morpholino)

Amersham

propanesulphonic acid (MOPS)
IL-4 cDNA

ATTC

Immobilon-N membranes

Millipore

Phenol

Fluka

Photographic film

Kodak

Random-prime labelling kit

Gibco BRL

RNA Ladder (0.24-9.5 kB)

Gib CO BRL

Salmon testes DNA

Sigma, London

Sarcosyl (N-Lauroylsarcosine)

Sigma, London

Sodium acetate

Sigma, London

Sodium citrate

Sigma, London
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Sigma, London

Sodium dodecyl sulphate
(SDS)

Sigma, London

Sodium phosphate
(monobasic)
TNF-a cDNA

ATTC

Tris (hydroxy methyl) amino

Sigma, London

m ethane (TRIS)

2.1.7 M aterials fo r Fixation and Staining

Absolute alcohol (99.8 %)

James Burrough (F.A.D.) Ltd

Alcian blue

BDH Chemicals

Chloroform

BDH Chemicals

Formalin

Hopkins and Williams

Glacial acetic acid

BDH Chemicals

Toluidine blue

BDH Chemicals

Trypan blue

BDH Chemicals

2.1.8 Other M aterials

Absorbent gauze

Frank Sammeroff Ltd.

Activated charcoal (particle

BDH Chemicals

size: 0.85-1.70 mm)
Carbon dioxide

British Oxygen Company

Collagenase (Type lA)

Sigma, London

Dimethyl sulphoxide (DMSO)

Hopkins and Williams

Disposable assay cuvettes (1 cm

Sarstedt

path length)
Disposable polystyrene tubes

Sarstedt

Disposable syringes

Elkay
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2.2

Eppendorf vials

Sarstedt

H eparin

C. P. Pharmaceuticals

Hyaluronidase

Sigma, London

Lens tissues

W hatman

Monoclonal IgE

Binding Site

Nitex gauze

R. Cadisch & Sons

Percoll

Pharmacia Fine Chemicals

Sodium carbonate

Sigma, London

Animals

Male Sprague Dawley rats (200-350 g) were used throughout this project
and were obtained from closed, random -bred colonies kept in the Joint
Animal House, University College London, London.

2.3

Human tissues

H um an lung tissue was obtained by resection from patients w ith bronchial
carcinoma from the Middlesex, St. George's, St. Bartholemew's and Guy's
Hospitals, London. H um an foreskin from circumcision was obtained from
the Middlesex and University College Hospitals, London.

2.4

Buffers

All experiments (unless stated otherwise) were carried out using full
HEPES-Tyrode's buffer (FHB) as described below. The pH of all buffers
was adjusted to 7.4 by the addition of HCl (3 M) or NaOH (4 M).
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2.4.1 FHB

NaCl

137.0 mM

Glucose

5.6 mM

KCl

2.7 mM

HEPES

10.0 mM

N aH 2P04
CaCl2

0.4 mM
1.0 mM

2.4.2 Heparinized FHB

FHB w ith heparin (50 units/m l).

2.4.3 lOx Calcium-Magnesium-Free-Tyrode's Buffer

FHB at lOx the norm al concentration but w ith CaCl2 omitted.

2.4.4 BSA-FHB

FHB containing bovine serum albumin (BSA, 1 m g/m l)

2.5

Stock Solutions Used for Isolated Cells

2.5.1 Secretagogues

Calcium ionophore A23187 was dissolved in DMSO and the stock (10 mM)
was aliquoted (10 |il) into Eppendorf vials and stored at -20 °C.

Com pound 48/80 was m ade up in distilled w ater (dH 2 0 ) and the stock
m g /m l) stored at 4 °C.
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A nti-rat IgE (comprising of lyophylized serum) was dissolved in dH 2 0 (2
ml) and stored in the same way as ionophore A23187.

2.5.2 Drugs

Indom ethacin and salmeterol were dissolved in sodium carbonate (10 %
solution) and DMSO, respectively, after which FHB was added to give the
appropriate stock solutions (2 mM). All other drugs were dissolved in FHB
and used on the same day. The above secretagogues and drugs were
diluted w ith appropriate amounts of FHB to provide the desired
experimental concentrations.

2.5.2.1 Chinese Herbal Extracts

The traditional Chinese herbal extracts used in chapter 3 consist of a
m ixture of natural (plant) components which are clinically given orally in
the form of a tea. The components used in this study are listed below by
their botanical identification and the figures in brackets refer to the relative
w eight of each herb in the therapeutic mixture, together w ith the
m anufacturers abbreviation;

Ledebouriella seseloides (4, PH329), Potentilla

chinensis (6 , PH166), Clematis armandii (3, PH332), Rehmannia glutinosa (6 ,

PH340), Paeonia lactiflora (4, PH336), Lophatherum gracile (4, PH342),
Dictamnus dasycarpus (6 , PH337), Tribulis terrestris (4, PH338), Glycyrrhiza
glabrae (2, PH335), Schizonepeta tenuifolia (2, PH327). The placebo comprised

of Humulus lupulus, Hordeum distichon ustum, baker's bran, sucrose, Salivia
spp, Thymus vulgaris, Rosmarinus officinalis, Mentha piperita and clove oil. The

yield from the extraction of the herbal m ixture was 5.75 kg of dried pow der
from 18.25 kg of raw herbs (31.3 %). These extracts (mixed herbs, placebo
and the individual herbs) were obtained from Phytopharm Ltd in
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pow dered form and were subsequently dissolved (1 m g/m l) in FHB with
vortexing (5x 1 min) before use.

2.5.3 Percoll

In order to avoid any crystallization of the Percoll, the dilutions were
prepared immediately before any purification procedure. A stock of 90 %
Percoll was prepared by the addition of lOx CMF buffer (1 part lOx CMF
plus 9 parts Percoll).

For hum an lung purifications requiring Percoll

gradient density centrifugation, the 90 % stock was diluted w ith Ix CMF
buffer to the required concentrations (90-40 %).

2.6 Solutions for the Isolation of RNA

For all RNA work, it was essential to use reagents and equipm ent that were
free of RNA degrading enzymes (RNases). This required a very high level
of care, including wearing gloves throughout and using RNase-free pipette
tips, glassware and tubes.

New, sterile plasticware for single use was

employed wherever possible and all glassware was treated as described
below.

2 .6 .1

D iethylpyrocarbonate (DEPC) Treated d IÎ2 0

Diethylpyrocarbonate (DEPC, 100 |il) was dissolved in double distilled
w ater (dd H 2 O, 1 1). This solution was then used to wash all glassware to
be used in RNA isolation work.

It was also used in various solutions

during RNA isolation, where the DEPC was removed following RNase
deactivation by autoclaving and filtration through nitrocellulose.
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2 .6 .2

So lution D

A stock solution D was prepared by adding the following reagents to a

bottle containing guanidinium thiocyanate (250 g).

DEPC-d H 2 O (293 ml)
Sodium citrate (0.75 M, 17 ml, pH 7.0)
10 % Sarcosyl (26.4 ml)

The mixture was then heated briefly (65 °C, 5 min) and stored for up to 3
m onths (room temperature).

2-ME (0.36 ml) was added to the stock

solution D (50 ml) just before use.

2.6.3 Sodium A ceta te Solution

Acetic acid (2 M, 41 ml) was mixed w ith a solution of sodium acetate
trihydrate (2 M, 9 ml), yielding a pH of 4.0.

2.7

Reagents Used in N orthern Blotting

2.7.1 lOx N orthern Buffer (lOx M O P S Buffer)

EDTA (10 mM final concentration, 6.72 g) was added to sodium acetate
trihydrate (50 mM, 13.6 g) and MOPS free acid (200 mM, 94.8 g) in DEPC-d
H 2 O (1900 ml). The pH was then adjusted to 7.0 using NaOH (10 M) and
the solution m ade to

2 1 with

distilled water.

2.7.2 R N A Gels
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lOx Northern buffer (35 ml) was added to a conical flask (500 ml) along
with d-H 2 0 (300 ml) and agarose (4.2 g). The solution was boiled on a
hotplate

(6

min) w ith stirring. Form aldehyde (50 ml, pH corrected to 4.0-5.0

w ith NaOH) was then added to the agarose solution in a fume hood and the
mixture poured onto a plate
one edge of the plate.

(8

x 8 ") w ith a thick comb placed 1.5 cm from

After the gel had set, the comb was removed to

expose the wells for addition of the RNA.

2.7.3 R N A Standards

A 0.24-9.5 kB RNA ladder was obtained commercially for use in Northern

blot analysis.

2.7.3 20x S a lt Saturated Citrate (SSC) and 0.2x SSCI 0.2 % SDS

20x

SSC was prepared by adding NaCl (350 g) and citric acid trisodium salt

(176 g) to dH 2 0 (1900 ml) and the pH increased to 7.0 w ith NaOH (10 M),
after which the solution was m ade up to

2

1 w ith dH 2 0 . 0.2 % SSC/

SDS was prepared by adding 10 % SDS (20ml) to
bringing it to

2.8

2 .8 .1

11

20x

0 .2

%

SSC (10 ml) and

w ith dH 2 0 .

Reagents Used in RNA H ydridization

H ybrid iza tio n Solution

This contained the following reagents.

5x SSC
Ix Denhardt's (a commercially available solution containing BSA, Ficoll,
Polyvinylpyrrolidone and ddH 2 0 )
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N aH 2P04 (0.01 M)
Salmon testes DNA (100 |xg/m l )
Formamide (50 %)
SDS (0.1 %)
EDTA (1 mM)
Dextran sulphate (10 %)

2 .8 .2

W ash Solutions

The first w ash solution contained the following.

Ix SSC
SDS (0.2 %)
N aH 2P04 (0.01 M)
EDTA (1 mM)
dH 2 0 (to

11)

The second wash solution used was the same as above except that

0 .2

% SSC

was used in place of Ix SSC.

2.8.3 R N A Gel D enaturing Solution

NaOH (50 mM, 5ml) w ith NaCl (10 mM, 1ml) in dH 2 0 (494 ml).

2.8.4 R andom Prim ed Labelling fo r C ytokines

cDNAs were labelled w ith a-[^^P] dCTP (6000 C i/mmol) using a
commercially available kit (Megaprime, Amersham).
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2.9

Isolation of Mast Cells

2.9.1 R a t Peritoneal M ast Cells

The rats were allowed to expire in a rising concentration of CO 2 and were
then sacrificed by placing pressure on the neck. The abdominal skin was
removed and heparinized FHB (10-20 ml) was injected into the peritoneal
cavity after which the abdomen was gently massaged (2 min).

The

abdom en was cut along the midline, the peritoneal cells gently removed
using a plastic pipette and transferred to Sarstedt plastic vials.

The cell

suspension was then centrifuged (MSB, m inor "S" centrifuge, 100 g, room
tem perature,

2

min), after which the supernatants were discarded and the

pelleted cells were resuspended in FHB (4 ml). This process was repeated
just before use for functional studies w ithout further purification.

2.9.2 Human Lung M ast Cells

Macroscopically normal hum an lung parenchyma was recovered following
surgery for bronchial carcinoma. The specimen was transported from the
hospitals in heparinized BSA-FHB (4 ^C), after which it was weighed and
dissected free of pleural tissues, major airways and blood vessels.

The

sample was then chopped into fragments {ca 1 cm^) and w ashed w ith FHB
(4 0(2). The tissue was chopped again and washed through w ith a second
portion of FHB {ca 1 1). This second washing, which was rich in tissue
leukocytes, was centrifuged and the cells saved for later experiments. The
rem aining lung tissue was digested in BSA-FHB containing collagenase (160
U /m l) and magnetically stirred in a tissue incubator (90 min, 37 ®C). After
this digestion, the remaining lung tissue was disrupted by expression {ca
15x) through a syringe (50 ml) and the suspension was filtered through
Nitex gauze. The filtrate was centrifuged (MSE Chillspin, 150 g,
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°C), the cell pellets resuspended in FHB, the supernatants added back to the
rem aining undigested lung fragments, and the above digestion process was
repeated. Once all the isolated lung cells were harvested, any mucus-like
debris w as rem oved by a further filtration through Nitex gauze and the
cells w ere centrifuged and resuspended in heparinized BSA-FHB before
finally w ashing and resuspending in the appropriate buffer for the
experiment.

2.9.3 H um an S kin M a s t Cells

H um an skin tissue was washed w ith FHB and all fatty material removed.
The tissue was then chopped and treated according to the same procedure
as hum an lung mast cells, except that hyaluronidase (500 U /m l) was added
in addition to the other digestive reagents.

2.10 Mast Cell Purification

2 .1 0 .1

R a t Peritoneal M a st Cells

Mast cells w ere pelleted and resuspended in BSA-FHB (1 ml). Percoll stock
solution (4 ml, see section 2.5.3) was gently added and the sample mixed by
careful inversion. FHB (1 ml) was layered over the Percoll mixture and the
sample was centrifuged (100 g, 25 min, 4 ^C). The FHB and Percoll were
then rem oved w ith care in order not to disrupt and contaminate the
purified pelleted mast cells at the bottom of the tube (illustrated in fig 2 .1 ).
The m ast cell depleted fractions (found mainly on the FHB-Percoll interface
and containing < 1 % mast cells) were diluted w ith FHB, centrifuged and
resuspended for later use in certain experiments. The purified m ast cells
were resuspended in BSA-FHB (2 ml) and transferred to a clean vial where
additional FHB (3ml) was added and the cells centrifuged.
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further w ash cycle, the purified mast cells (typically 92-99 % purity
com pared to ca 5% purity in unpurified cell suspensions) were counted and
diluted in the appropriate buffer for the experiment.

2.10.2 Human Lung M a st Cells

Isolated hum an lung cells obtained from the digestion of lung parenchym a
(see section 2.9.2) were purified using counter current centrifugal élutriation
(Fig 2.2) [254] and Percoll gradient centrifugation (Fig 2.3) [376] techniques.
Typically, lung mast cells could be enriched to above 65 % purity with
élutriation alone, but the success of this procedure depended on the amount
and type of contaminating cells as well as the am ount of mucus-like
materials w hich could hinder purification due to cell adhesion.

A suspension of isolated lung cells was pum ped into a Beckman counter
current élutriation chamber (1025 r.p.m., 12 m l/m in) w hereapon the buffer
flow rate was increased (to 25 m l/m in) and cells of different size and
density w ere collected (100 ml) at various intervals. Red blood cells and
small nucleated cells were removed at lower flow rates, whereas the
majority of m ast cells were collected at higher flow rates or rem ained in the
élutriation chamber. Samples at all flow rates were collected separately,
finally including cells left in the élutriation chamber, centrifuged and
resuspended in FHB (2 ml) for counting w ith alcian blue stain. Generally,
flow rates greater than

20

m l/m in yielded sufficiently enriched m ast cells

so that these fractions could be pooled.

Elutriated lung m ast cells that were less than 60 % pure were enriched
further by Percoll gradient sedimentation. In this method, Percoll dilutions
of 80 %, 60 %, 50 %, and 40 % were m ade up from the 90 % stock using CMF
buffer. Starting w ith the 90 % Percoll, layers of decreasing Percoll density
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were carefully added (5 ml) to a plastic vial. The semi-enriched m ast cells
were centrifuged and the pellet resuspended in the lowest (40 %) Percoll
concentration before layering over the 50 % Percoll fraction. The tube was
then centrifuged (200 g, 20 min, 4 ^C), after which the cells that had
sedimented to the various Percoll interfaces, were recovered and washed
several times in order to remove any rem aining Percoll. Each cell fraction
was counted and purified m ast cells (of 65-95 %) were typically found at the
50-60 % and at the 60-80 % Percoll interfaces. The cells were then diluted in
the appropriate volume of buffer for the experiment.

2.11

Active Sensitization

2.11.1 Sensitization o f R ats w ith Nippostrongylus hrasiliensis

Sprague Dawley rats (ca 150-200 g) were sensitized by a subcutaneous
injection in the hind leg w ith Nippostrongylus hrasiliensis larvae (third larval
stage: Lg, 2500) in physiological saline (0.25 ml). The larvae were originally
provided by Mr. D. Pedley, Dept, of Agricultural Zoology, University of
Leeds and were subsequently obtained from faecal cultures of previously
infected rats as described below. After injection, the rats became sensitized
w ithin 21 days and remained so for another 3-4 weeks. The life cycle of N.
hrasiliensis in the rat is illustrated in fig 2.4.

2.11.2 Preparation o f the Third Larval Stage of N. hrasiliensis

Rat faeces were collected

6 -8

days after injection of the 2500 Lg larvae,

moistened and ground w ith an equal weight of activated charcoal, and the
mixture was transferred to petri-dishes. These were then incubated (25 ®C,
7-21 days, no light) and the Lg larvae isolated by pouring the petri-dish
contents into a glass funnel lined w ith two layers of gauze interleaved with
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a layer of lens tissue. The larvae were allowed to m igrate dow nw ards,
through warm tap w ater into a test tube, after which they were washed 3x
w ith saline, counted and resuspended in an appropriate volume of saline
{ca 1 0 0 0 0 larvae/m l) prior to injection.

2.12

Passive Sensitization of Human Mast Cells

H um an lung and skin mast cells were incubated in BSA-FHB containing
monoclonal IgE antibodies (250 iU /m l, 2 h, 37 °C then 4

overnight). The

cells were then washed several times w ith FHB and resuspended in the
required volume of buffer prior to the experiment. Alternatively, high titre
IgE serum obtained from atopic patients (kindly provided from the
Middlesex Hospital) was used (250 iU /m l final concentration) and
incubated with the cells as described above.

2.13

Mast Cell Characterization

2.13.1 Cell Counts and Viahiltiy

The trypan blue (0.1 %) exclusion test was used to evaluate the total cell
num ber and viability of the cells which were counted in an improved
Neubauer haemocytometer.

Mast cell num bers

and

purity

were

determ ined by mixing an aliquot of cells (90 pi) w ith alcian blue (10 pi, 0.1
%, w /v in 0.7 M HCl) and incubating in a w ater bath (37 ^ c , 10 min).
Alternatively, toluidine blue (0.005 %, w /v ) was used instead of alcian blue.

2.13.2 Cell Fixing and Staining

Cytocentrifuge smears (containing at least 1000 cells per slide) were made
and air dried. They were then fixed in either Carnoy's solution (a mixture
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of ethanol, chloroform and glacial acetic acid in the ratio of 6:3:1, v /v , 30
min) or in formol saline (prepared by adding formalin, 10 %, v /v to 0.9%
saline,

24

h)

and

stained

and

m ounted

[1 ] dH 2 0

(1

[2] Alcian blue (0.1% in 0.7M

(30 min)

as

show n

below.

min)

HCl)
[3] HCl (0.7 M)

(5 min)

[4] Safranin O (0.5% in 0.125 M

(5-7 min)

HCl)
[5] dHoO

(1 min)

[6 ] Air dry

(30 min)

[7] M ount in Canada balsam

The stained cells could then be observed through a light microscope at
150x magnification

using

a calibrated

eyepiece

(15x GK, Wild

Heerbrugg). By dividing the percentage of mast cells observed in the
form aldehyde group by those in the Carnoy's group the percentage of
form aldehyde sensitive mast cells could be calculated. The percentage of
safranin positive mast cells could be similarly assessed by dividing the
num ber of counterstained mast cells by the total num ber of mast cells in
the Carnoy's group.

2.13.3 H istam ine Content

The histam ine content per mast cell was evaluated by comparing the
total histam ine content of a known num ber of mast cells w ith histamine
standards.

80

C hapter 2

2.14

Histamine Release Experiments

Isolated mast cells were aliquoted (160 ]l i 1) into Sarstedt disposable
polystyrene test tubes containing FHB (200 pi) and were left to
equilibrate in a water bath (37 ^C, 5 min). A lOx concentrated solution
of the releasing agent was then added (40 pi) and the tubes allowed to
incubate for a further

10

min, after which the reaction was term inated by

the addition of FHB (4 °C, 1 ml or 2 ml) and the tubes were immediately
centrifuged (peritoneal, 100 g, 4 ®C, 2 min; others, 150 g, 4 ^C, 2.5 min)
to separate the cells from the supernatants.

The supernatants were

poured into new tubes and the cell pellets were resuspended in FHB (1
ml or

2

ml), after which all tubes were boiled

(1 0

min, for m anual assay),

or treated with 70 % perchloric acid (final concentration 0.4 M, for
autom ated assay) to release residual histamine and denature any
protein.

Histam ine release was then m easured in both cell pellet and supernatant
tubes and expressed as a percentage of the total am ount originally
present in the cells. Thus:

Histam ine release (%) = 100 {(Hs) / (Hs + H e )}

where: Hs: Histamine in the supernatant and He: Histamine in the cell
pellet.

All histam ine releases were corrected for the spontaneous release which
occurs in the absence of any stimulus.
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2.14.1 The Effect o f Cell Factors on H istamine Release

Mast cell depleted fractions were obtained from tissue washings (human
lung) or from Percoll gradients (rat peritoneal).

These cells were

counted and incubated in a w ater bath (37 ®C, 15 min) to allow for the
release of factors which might affect m ast cell histamine release, and
centrifuged (150 g, 4 °C, 5 min). The supernatants (200 pi), containing
any secreted factors, were then added to the cells (160 pi), instead of
pure FHB, at a concentration that w ould reflect the environm ent of non
mast cells surrounding unpurified, isolated m ast cells.

With the

exception of the above protocol, the rest of the experiment was carried
out in the same w ay as described above in section 2.14.

2.14.2 The Effect o f SCF

Dilutions of SCF were added to the prew arm ed m ast cells (described in
section 2.14) instead of pure FHB. The tubes were then either incubated
(10

min) before the addition of releasing agents or the agents added

simultaneously to the tubes with SCF. All tubes were then incubated for
a further 30 min.

2.15

Inhibition of Histamine Release

Isolated mast cells were aliquoted and allowed to equilibrate as before.
The inhibiting drug was then added (200 pi) and pre-incubated for a set
period of time before the addition of the stimulus, w ith the exception of
zero preincubation where the stimulus was added sim ultaneously w ith
the inhibitor.

Following this addition, the reaction was allowed to

proceed for 10 min and term inated as described previously. In addition
to a spontaneous release tube, a control release tube containing the
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stimulus without any inhibitor was included so that the percentage
inhibition could be determined. Thus:

Inhibition (%) = 100 {(R^ - R%) / (R^)}
where: R^ = Control release and Rj = Release with
inhibitor.

2.16

Histamine Assay

The two histamine assay procedures followed in this project were
adapted from the m ethod first described by Shore et al [377], which is
based on the reaction between histamine and o-phthaldialdehyde (OPT)
under basic conditions to generate a fluorescent condensation product
(Fig 2.5) which can be m easured spectrofluorometrically.

2.16.1 M anual A ssay

NaOH (1 M, 267 pi) was added to each sample (2 ml) followed by OPT
(1

% in methanol,

100

pi) and the mixture was immediately shaken on a

vortex mixer before being left to react (4 min). HCl (3 M, 133 pi) was
added to terminate the reaction and the fluorescence was m easured on a
spectrophotometer (Perkin Elmer LF 5B) using an excitation wavelength
of 360 nm and an emission wavelength of 440 nm.

The limit of

sensitivity was about 5 n g /m l of histamine.

2.16.2 Autom ated A ssay

This technique was used to extract the histamine and to remove cell
contaminants which w ould otherwise interfere with the assay.
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The samples were prepared by the addition of 70 % perchloric acid (final
concentration 0.4 M), mixed by vortexing, centrifuged (200 g, 15 min)
and the supernatants poured into specimen cups and introduced into the
autoanalyser (Technicon Autoanalyser II).

The samples were m ade

alkaline and the histamine extracted into salt saturated butanol which
was then separated from aqueous contaminants, w ashed in a less basic
solution and m ade less polar by the addition of n-heptane.

The

histam ine was then back-extracted into dilute HCl before being allowed
to react w ith OPT under basic conditions. The adduct was stabilized by
acidification and the fluorescence m easured and recorded by a chart
recorder. Using this method the limit of sensitivity was about 0.5 n g /m l
of histamine.

2.17

PGDi Release and Inhibition

Purified rat peritoneal {ca 3 x

10 ^

mast cells per tube, 94-99 % pure) and

hum an lung mast cells (ca 3 x

10^

mast cells per tube, 65-95 % pure) were

used whenever PGD 2 was to be assayed. The experiments were carried
out as described earlier in section 2.15, except that the incubation time
w ith the stimulus was

20

m in and, after centrifugation, aliquots of

supernatants (200 |xl) were transferred to Eppendorf vials and snapfrozen in liquid nitrogen. The remaining supernatants were used along
w ith the cell pellets for histamine analysis.

2.18 PGD 2 Assay

PGD 2 levels were m easured using a commercially available assay kit
(Amersham).

The principle of this assay technique is based upon

competition between unlabelled PGD 2 and a fixed quantity of tritiumlabelled PGD 2 for binding to a limited quantity of an antibody which
has high affinity and specificity for PGD 2 , although there is a small

84

C hapter 2

degree of cross-reactivity w ith PGI2 (7 %) and other prostaglandins (<1
%). Briefly, a set of PGD 2 standards (3.1-200 p g /m l) and samples (100 p
1) w ere pipetted into labelled polypropylene vials (12x 75 mm) followed
by

tracer (100 pi), antiserum (100 pi) and assay buffer (100 pi). Along

w ith the above standards and samples, a total counts tube (TC) and zero
standard (Bo, 100 pi tracer, 100 pi antiserum and 100 pi assay buffer)
w ere prepared as well as a non-specific binding tube (NSB, 100 pi tracer,
100 pi assay buffer).

All tubes were then thoroughly mixed and

incubated overnight (4 ^C).

On the following day, a suspension of

dextran-coated charcoal (500 pi) was added to each tube, except the TC
to which assay buffer (500 pi) was added instead.

After a brief

incubation (10 min) in ice water, all tubes were then centrifuged (250 g, 4
°C, 15 min), after which the supernatants were decanted

into

scintillation vials and scintillant (Optiphase Safe LKB, 5 ml) was added
to each vial.

All vials were mixed thoroughly and the radioactivity

m easured in a p-scintillation counter (Packard Model 3255 Tris-carb
Liquid Scintillation Spectrometer, 4 min) and expressed as mean counts
per m inute (c.p.m.). From these readings the percentage bound PGD 2
(% B) for each sample was calculated as follows.

% B / Bo = {(sample cpm - NSB cpm) / Bo cpm - NSB cpm} x 100

A standard curve was then plotted and the concentration of PGD 2 in
each sample read from the curve.

2.19 Procedures for Cytokine Release Experiments

H um an lung mast cells were purified (>60 % purity) as described before
(section 2.10.2). Aliquots of purified or unpurified mast cells (2.5 x 10^
purified m ast cells, or 2.5 x 10^ total nucleated cells per tube) suspended
in BSA-FHB were added to Eppendorf vials and challenged w ith various
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stimuli as described above (sections 2.14 and 2.14.2) for a num ber of
different incubation times (2 m in - 4 h). At the end of each incubation,
the cells were gently resuspended and a portion

(20

|xl) rem oved and

transferred to a tube containing FHB (980 pi) for histamine analysis. The
rem aining cells were briefly placed in ice, centrifuged (200 g, 1.5 min),
and the supernatants separated and frozen in dry ice. The cell pellets
were resuspended in BSA-FHB to the original volume, sonicated (6 x, 30
s), and frozen in dry ice. These samples were then assayed for cytokine
content.

Along with the above experiments, cytokine degradation was also
investigated. This was perform ed by sonication (2x, 30 s) and freezethaw ing (5x in dry ice-methanol) of purified hum an lung m ast cells (250
pi in BSA-FHB, 2.5 x 10^ per tube), followed by centrifugation (250 g, 3
min) to remove cell debris. IL-4 standards were then added (250 pi) to
the supernatants and the suspension was incubated (5 m in and 2 h) prior
to freezing for storage before assaying the IL-4 content.

The effects of protease inhibitors (aprotonin, leupeptin and soybean
tryptase inhibitor) were also studied. All three inhibitors were added
simultaneously (at

20

pg/m l) either at the start of stimulus challenge, or

at the end of the incubation time in order to find out w hen and w hether
IL-4 degradation due to mast cell proteases took place.

The

experimental details were otherwise as already described.

2.20 ELISA for Cytokines

Commercially available assay kits (R&D Systems Quantikine kits) were
used to m easure the following cytokines: IL-4, IL-6 , GM-CSF and TNF-a.
The assays were based on an identical principle and preparation of the
samples was the same for each cytokine m easured in this study
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(illustrated in fig 2.6). Briefly, each kit contained plastic wells (96 in
total) which contained an antibody fixed to the polyvinylchloride (PVC)
base of the wells w ith high affinity and specificity for a particular
cytokine. The samples and standards were aliquoted (200 pi) into the
wells and allowed to bind to the antibody at room tem perature

(2

h).

Following this incubation time, unbound materials were washed away
and the wells aspirated. A second antibody (which bound to a different
specific site on the cytokine than the first antibody) conjugated to horse
raddish peroxidase was then added to the cytokine-antibody-PVC
complex and incubated for a further 2 h. After this incubation the wash
and aspiration cycle was repeated as before. A colour reagent containing
hydrogen peroxide and tetram ethylbenzene was then added
incubated at room tem perature

(20

(2 0 0

pi) and

min) during which a colour

developed in proportion to the amount of cytokine in each well. The
reaction was then stabilized by the addition of sulphuric acid (2 M, 50 pi)
and the optical density m easured using a spectrophotometer set to 450
nm. A standard curve was then constructed from the optical density
readings so the amount of cytokine in the samples could then be
determined.

2.21 Cytokine RNA

This work was in part carried out together w ith Dr. J. Arm and Prof. T.
Lee at the Departm ent of Allergy, Guy's Hospital, London.

2.21.1 Cell Stim ulation

Aliquots of mast cells (2-4 x 10^ mast cells per tube) were activated for
varying times (30 min, 1 h, 2 h and 4 h) as described above (section 2.14).
Following centrifugation, and after removing the supernatants for
ELISA, the cell pellets were resuspended in guanidinium thiocyanate

87

C hapter 2

buffer (solution D, 100 |xl per 10^ cells) in a sterile screw top microfuge
tube and stored (-70 ®C) prior to total RNA isolation [378].

2.21.2 KNA Isolation

The above samples were thaw ed and mixed by inversion followed by
the addition of sodium acetate (50 pi, pH 4.0, 2 M), water-saturated
phenol (500 pi) and chloroform-isoamyl alcohol (24:1, 100 pi). The
mixture was shaken vigorously (10 s), placed on ice (15 min) and
centrifuged (1000 g, 20 min, 4 °C). The aqueous phase was transferred
to a fresh tube, isopropanol (0.5 ml) was added and the tubes cooled (-20
°C) overnight to precipitate the RNA. Following centrifugation (10000 g,
20 min, 4 °C) the resulting pellet was resuspended in solution D (0.3 ml)
and

reprecipitated

w ith

isopropanol

(0.3

ml).

After

further

centrifugation, the pellet was washed in 80 % ethanol in DEPC-dH 2 0
and resuspended in TRIS (10 mM) -EDTA (1.0 mM) (18 pi) to which
formamide (20 pi), form aldehyde (10 pi), lOx MOPS
blue (0.2 % w /v ) in 40 % sucrose

(6

(6

pi), bromophonol

pi) and ethidium brom ide solution (1

pi) were added. These reagents were also added to a standard RNA
"ladder" (consisting of several different known sizes of RNA for
comparison). A freshly prepared (section 2.7.2) agarose gel was placed
in an electrophoresis tank, the samples and standards added to the wells
in the gel and a constant potential difference (30 V) applied to the gel
overnight. The gel was then photographed on an ultra violet (UV) light
box after which, following several washes in denaturing solution, the gel
was ready for N orthern blotting.

2.23.3 Northern Blotting
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N orthern blotting involves the transfer of RNA from a gel to a
mem brane, where the fixed RNA can then be subsequently probed.
Briefly, the gel containing the separated bands of RNA was placed in a
tank containing 20x SSC solution and covered w ith filter paper, followed
by the Immobilon-N m em brane and tissue paper to draw up the RNA
into the m em brane (see fig. 2.7). This process was allowed to proceed
overnight after which the Immobilon-N m em brane was placed on a UV
light box to see w hether the RNA had transferred efficiently to the
membrane. The remaining gel was also observed on the light box to
ensure complete transfer of the RNA to the Immobilon-N membrane.
The blot w as first baked (2 h, 80 ®C) and then wetted w ith 100 % ethanol
(1-2 s), soaked in dH 2 0 (2-3 min) and washed in 0.2 % SSC /0.2 % SDS
(15-30 min, 65 °C).

2.23.4 C ytokine R N A Probing

The Immobilon-N membrane was transferred to a hybaid bottle,
hybridization solution added (10 ml) and left overnight (43 °C), after
which a commercially available a-[^^P] dCTP probe (Amersham) was
added (lOOpl) and incubated for several days (40 °C) together w ith
cDNA for actin or for the cytokines studied (TNF-a, IL-4 and GM-CSF)
as described by Gurish et al [165]. All solutions were carefully poured
off and the mem brane removed and placed in a plastic container. The
blot was w ashed (500 ml, 2x 5 min) in "first" (5 min, room temperature)
and "second" (15 min, 65 °C) wash solutions respectively and the wash
cycles repeated several more times. After drying, the blot was exposed
to film (1 day) and then stripped w ith 0.1 % SSC/ 0.5 % SDS so that it
could be probed for a second time. Probes for actin were used as well as
for TNF-a, GM-CSF and IL-4 so that the equality of loading of the
samples could be estimated.
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2.24 Statistical Analysis

All values given in this thesis are the mean + /- the standard error of the
mean (SEM) for the num ber (n) of experiments perform ed as are the
points on the graphs where the SEM are represented by error bars. The
Student’s t-test was used w hen comparing the difference between two
independent means and in some cases a paired t-test was used for
related values,

p-Values of <0.05 were considered to be significant.

Denotations by

** and *** represent the significance levels of p <0.05, p

<0 .0 1 and p <0 .0 0 1 respectively.
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Fig 2.1 Purification of Rat Peritoneal Mast Cells Using a C ontinu ou s
Percoll G radient

-FHB (1ml)

Isolated rat peritoneal cells su sp e n d e d
in 90% Percoll (4.5 ml) containing ca 5%
mast cells

0 ^ 0

Centrifuge (100 g, 25 min, 4"’C)

o
o

Mast cell depleted fraction (clearly visible at
Percoll- FHB interface) containing < 1% m ast
cells

o
o

Purified mast cells pelleted at the bottom of the vial
containing > 90% mast cells
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Fig 2.2 Essential Elements of C ounter C urrent Centrifugal Elutriation

ViewmQ

Pon

Sample
In ie c p o n

Pres sure
Ga u o e

Bu f f e r
Reservoir

Pump

s u b b l e Tr a p

Separation cham ber

C o l l e c ’i i o n

C ells in

rrrmm

: C ells out

—

C entrifugal force

C ounterflow
Suobe
Lamp

:1: Cells s u sp e n d e d in buffer enter the chamber
12: Centrifugal sedim entation of the cells is balanced by counterflow
3: As the flow is increased- smaller, slower-sedimenting cells elutriate
out of the chamber.

A d a p ted from: Beckman JE- 6B Elutriation System and Rotor Instruction M anual,
Beckman Instrum ents Inc., Palo Alto, 1992.
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Fig 2.3 Purification of H u m a n Lung Mast Cells Using a D iscontinuous
Percoll Gradient

-J

Mast cell enriched fraction from élutriation,
resuspended in 40 % isotonic Percoll (5 ml)

g @

50 % isotonic Percoll (5 ml)
J

60 %

............................

80 %

...........................

90 %

...........................

J

J

Centrifuge (200 g, 20 min, 4 “C)

Purified mast cells, typically found at the 50 %-60 %
and 60 %-80 % Percoll interfaces

Where:

® = Mast cell
O = O ther nucleated cell
• = Erythrocyte
0 = Debris (such as tar).
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Life cycle of N. brasiliensis in rat
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Fig 2.5 The Reaction of H istam ine w ith OPT
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Fig 2.6 ELISA
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Fig 2.7 Transfer of D enatured RNA to Im m obilon-N M em branes

W eight
Im m obilon-N Membrane

500 g

Glass plate
Gel
Paper tow els
Transfer buffer

W hatman 3MM paper

support

The above illustration shows the capillary transfer of RNA from agarose gels
to solid supports. Buffer is d ra w n from a reservoir and passes th ro u g h the
gel into a stack of p a p er towels. The RNA is eluted from the gel by the
moving stream of buffer and is deposited on an Im m obilon-N m em brane. A
w eight applied at the top of the p a p e r towels ensures a tight connection
betw een the layers of material used in the transfer system.
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Chapter Three

Effects of Anti-Allergic Compounds: A
Comparison between Mast Cells from the Rat
Peritoneum and the Human Lung
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3.1 Introduction

Mast cells are know n to participate in extrinsic allergic reactions through
their high affinity IgE receptors and are also thought to play a key role in
num erous intrinsic inflammatory conditions. This has naturally led to
attempts to develop drugs that suppress mast cell function by acting on
critical biochemical pathw ays that control intracellular activation and
m ediator secretion.

However, this approach does not appreciate the

evidence that m ost allergic and other inflammatory conditions involve a
large variety of different cell types [105, 155, 164, 356]. Furtherm ore, it
has been recognized for some time that m ast cells from different
locations and species are functionally heterogeneous in both their
response to various liberators of mast cell m ediators and to agents that
m odulate m ediator release [329, 351,354].

Since many drug trials involve initial experimentation on lower
mammals, it is im portant to establish the value of these experiments
when trying to extrapolate the data obtained to the hum an model. This
is still a source of intense research given the possible differences in the
action of an anti-allergic drug on mast cells of different species and
location, the types of m ediators m easured and a num ber of variants in
the experimental conditions. One of these variants is the propensity of
some anti-allergic drugs to act selectively on the inhibition of the release
of either histam ine or PGD 2 [296].

Therefore, the aim of this study is to compare the effects of a num ber of
anti-allergic drugs on both histamine and PGD 2 release from rat
peritoneal and hum an lung m ast cells. This study involved the use of a
broad range of anti-allergic drugs including novel herbal extracts which,
when characterized, may provide new lead com pounds for the future
treatm ent of allergies.
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3.2 Materials and Methods

All m ethods used in this study were as described in chapter 2.

3.3 Results

Unless otherwise stated, histamine release from N. brasiliensis-sensitized
rat peritoneal mast cells was induced by anti-rat IgE and histamine
release from hum an lung mast cells was induced by anti-hum an IgE. All
experiments where

PGD 2

was

measured,

in parallel

w ith

the

corresponding histamine release, were carried out on purified rat
peritoneal and purified hum an lung mast cells. Spontaneous releases of
histamine were less than

6

% in all cases unless stated otherwise.

3.3.1 Effects o f Anti-Allergic Compounds on Anti-IgE Induced Histam ine
Release from Unpurified R a t Peritoneal and Human Lung M a st Cells

3.3.1.1 Effects ofDSCG and Nedocromil Sodium

DSCG (Fig 3.1) produced a m arked dose-dependent inhibition of antiIgE induced histamine release from rat peritoneal m ast cells.

The

compound exhibited a sharp, significant tachyphlyaxis, where the
activity of the drug was rapidly lost after preincubation

(1 0

min) w ith

the cells before challenge. The loss of activity was also observed after a
longer period (30 min) of preincubation.

In contrast, DSCG was

considerably less active on hum an lung mast cells (Fig 3.2) w hen
compared w ith the rat. A reduction of activity on preincubation was
again observed, but this was less pronounced than that observed w ith
the rat and did not exceed 50 % of the initial inhibitory activity. The
effects of different periods of preincubation (10 and 30 min) were
essentially identical.
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Nedocromil sodium (Fig 3.3) exhibited a comparable activity on rat
peritoneal mast cells as its congener DSCG. Again, a m arked, significant
tachyphylaxis was observed after preincubation. This drug also showed
a similar inhibitory action to DSCG in its effect on hum an lung mast cells
(Fig 3.4), although the tachyphylaxis was perhaps more complete than
with the chromone.

3.3.1.2 Ejfects ofp-Agonists

Salbutamol (0 min preincubation) modestly inhibited histam ine release
in a dose-related fashion from both rat peritoneal and hum an lung mast
cells (Fig 3.5 and 3.6). Fîowever, significant (p<0.05) tachyphylaxis was
observed w hen the drug was preincubated for

10

m in w ith the rat

peritoneal mast cells, and all inhibitory activity was lost after 30 m in
preincubation with the drug before stimulation. A reduction of activity
with preincubation was also observed w ith the hum an lung mast cells,
but the effect was far less pronounced than w ith the rat. This loss of
activity from hum an lung mast cells did not increase w ith the prolonged
preincubation period. Particularly in the case of the rat, salbutamol was
a less effective inhibitor of histamine release than DSCG and nedocromil
sodium.

The more recently introduced p-agonist salmeterol (Fig 3.7 and 3.8) was
more active than salbutamol on both cell types. This drug was more
active on hum an than rat mast cells and no clear tachyphylaxis was
observed in either cell type.

In comparison with salbutamol and salmeterol, isoprenaline produced
no clear time- or dose-dependent inhibition of histamine release from rat
peritoneal mast cells (Fig 3.9). However, the drug was more effective
against hum an lung mast cells (Fig 3.10) and showed an activity

100

C h apter 3

intermediate

between

salmeterol

and

salbutamol.

Again,

no

tachyphylaxis was observed.

3.3.1.3 Effects of Theophylline

This phosphodiesterase inhibitor was the most effective agent against
both cell types and produced an almost total inhibition of anti-IgE
induced histamine release at the maximum test concentration (10 mM,
Fig 3.11 and 3.12). A slight tachyphylaxis was seen in rat peritoneal
mast cells at submaximal concentrations of the drug (p<0.01, 30 m in
preincubation, 1 mM), but this was not very pronounced.

No clear

tachyphylaxis was observed w ith hum an lung m ast cells.

3.3.1.4 Effects of Indomethacin

Indomethacin, a NSAID, potentiated anti-IgE induced histamine release
from rat peritoneal mast cells (p<0.05, at 1 jiM, Eig 3.13). However, this
effect was only observed w hen the drug was added simultaneously w ith
the stimulant. After preincubation of the cells w ith the drug prior to
anti-IgE stimulation, neither potentiation nor inhibition of histamine
release was observed. This drug produced no clear effects on anti-IgE
induced histamine release from hum an lung m ast cells (Fig 3.14).

3.3.2 Effects o f A nti-A llergic Com pounds on A nti-IgE Induced H istam ine and
PGD2 Release fro m Purified R a t Peritoneal and H um an Lung M a st
Cells

Fig 3.15a and 3.15b show the dose-dependent inhibition of the release of
PGD 2 and histamine induced, in parallel experiments, by anti-IgE from
purified rat peritoneal mast cells.

DSCG, nedocromil sodium and

salbutamol all produced a rather greater inhibition of the release of the
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prostanoid than of the amine as evidenced by an increase in the degree
of m axim um inhibition and a reduction in the IC 20 values (table 3.1). IC^^,
values were adopted in these experiments in view of the limited
maximal effects of some of the drugs in particular cell preparations.
However, where IC30.50 values could be defined, essentially identical
conclusions to those given above could be draw n. The differences in the
m axim um inhibition, but not the IC20 values, were significant for
nedocrom il sodium and salbutamol. Indomethacin, whilst potentiating
histam ine release, produced striking inhibition of the release of PGD 2 .
Theophylline produced a similar inhibition of the releases of PGD 2 and
histamine.

The effects of these drugs on purified hum an lung mast cells are shown
in Fig 3.16a and 3.16b. In contrast to the rat, DSCG, nedocromil sodium
and salbutamol were only slightly more effective at inhibiting the release
of PGD 2 than histamine in the lung (in terms of the IC20 values) but this
was not statistically significant (table 3.1). Theophylline inhibited both
PGD 2 and histamine release from hum an lung m ast cells in m uch the
same m anner as from mast cells from the rat peritoneum . Indomethacin
produced outstanding PGD 2 inhibition from hum an lung m ast cells in a
similar fashion to that observed in the rat. However, unlike in the rat,
this agent had little effect on histamine release.

3.3.3 Effects o f N o vel Chinese Herbal Extracts

3.3.3.1 Effects of the Pooled Chinese Herbal Extracts and a Placebo on Anti-IgE
Induced Histamine Release from Rat Peritoneal and Human Lung Mast Cells

The herbal extract produced a m oderate dose-dependent inhibition of
anti-IgE induced histamine release from rat peritoneal m ast cells (Fig
3.17a) but the placebo had a negligible effect (Fig 3.17b). The activity of
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the herbal extract appeared to increase w ith preincubation, although this
w as not very clear. To investigate this point m ore thoroughly, the effect
of a maximal concentration (500 pg/m l) of the herbal extract was
observed on histamine release induced by a range of anti-IgE
concentrations (Fig 3.18a). The results showed the expected suppression
of the dose-response curve (p<0.05-0.0001) and this effect was enhanced
by increasing the preincubation time of the cells with the herbal extract
(Fig 3.18b and 3.18c).

W ith hum an lung mast cells (Fig 3.19a), the herbal extract produced an
inhibitory effect which was slightly more pronounced than that seen in
the rat. No clear inhibition was produced by the placebo (Fig 3.19b).
There was no obvious increase in the activity of the herbal extract with
increasing preincubation time w hen cells were stimulated w ith a single
concentration of anti-IgF but, again, this effect was revealed more clearly
w hen the full dose-response curves were examined (Figs 3.20a-c).

3.3.3.2 Ejfects of Chinese Herbal Extracts and Placebo on Substance P and Compound
48/80 Induced Histamine Release from Rat Peritoneal Mast Cells

Both the mixed herbal extract and the placebo (500 pg /m l) produced a
slight reduction in histamine release induced by substance P (Fig 3.21).
This was notably less pronounced than that seen w ith anti-IgF, although
the effect was statistically significant.

Surprisingly, the mixed herbal extract (500 p g /m l) had a dram atic effect
on com pound 48/80 induced histamine release (Fig 3.22) and completely
inhibited the response induced by all test concentrations of this
stimulant. The placebo (500 pg/m l) was similarly active, although it had
less effect at maximal concentrations of the secretagogue.
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3.3.3.3 Ejfects of the Individual Components of the Mixed Chinese Herbal Extract on
Allergen Induced Histamine Release from Rat Peritoneal Mast Cells

The effect of the individual components of the herbal extract on allergen
induced histamine release is show n in Fig 3.23a and Fig 3.23c. From
these graphs it is clear that a num ber of these extracts were m oderately
effective at inhibiting histamine release.

Two of these components

produced an outstanding inhibition (PH166= Potentilla chinensis and
PH336= Paeonia lactiflora), which was comparable to the maximal
inhibitory action of DSCG and nedocromil sodium. None of the herbal
components released histamine on their own (Fig 3.23b and Fig 3.23d).
The effects of the components are sum m arized in Fig 3.24. This shows
that all the components, apart from PH340= Rhemannia glutinosa, were
capable of inhibiting histam ine release to some degree.

3.4

D iscussion

In keeping w ith previous observations, m ast cells of the rat peritoneum
and hum an lung are heterogeneous w ith respect to the inhibition of
m ediator release by DSCG and nedocromil sodium [183, 231, 292, 293].
Studies by Okayama et al and Leung et al have reported that DSCG
produces around 10-30 % inhibition of histam ine release from lung
parenchym al mast cells [294, 295, 296].

Similar values were also

obtained in this study as opposed to the m arkedly greater efficacy of
these agents on the rat peritoneum . Tachyphylaxis was observed in both
m ast cell types.

DSCG and nedocromil sodium produced virtually identical profiles of
action in the rat during this study, and it is thought that they act via
similar mechanisms [282]. In the hum an lung, inhibition of mast cell
histam ine and PGD 2 release was observed to be slightly greater with
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DSCG than w ith nedocromil sodium, although this was not significant.
Other reports indicate the latter being the more potent congener [183,
379, 380, 381].

However, the increased action of DSCG was only

observed at maximal concentrations and in general, as in rat peritoneal
mast cells, the effects of these drugs were essentially similar.

Both DSCG and nedocromil sodium inhibited PGD 2 release rather more
than histamine release in hum an lung m ast cells, as judged by the IC 20
values, although none of these observations were statistically significant.
However, given the difficulties in obtaining sufficient num bers of
purified mast cells, it was not possible to increase the num ber of
experiments so as to provide a clearer result. Additionally, the effect of
these anti-allergic agents on m ast cell histam ine release appeared to be
dependent on the purity of the cells. However, the differences in the
effects of the drugs after purification were not compared directly and
will be elaborated further in chapter 5. It is also w orth noting that the
action of cromoglycate-like drugs has been inversely correlated to the
m agnitude of the stimulus [382, 383]. Although for practical purposes, a
release of between 20-40 % is desirable for experiments in vitro, this does
not reflect the situation in vivo [383]. In the latter, less than 1 % of the
total lung histamine content is released during an asthma attack [383].
This implies that these drugs would be more potent under these
conditions than indicated by m easurements in vitro.

DSCG was introduced as an anti-allergic drug in the United Kingdom in
1967 and, along w ith the more recently introduced congener nedocromil
sodium, has been employed in the treatm ent of allergic disorders
ranging from asthma to food allergy [281, 384, 385]. As discussed in
chapter 1 , the m ode of action of the compounds has been attributed to a
variety of mechanisms [256, 257, 285, 291] including, most recently, the
possible involvement of chloride channel conductance [386].
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The early biochemical stages of mast cell activation are, as yet, still
incompletely understood.

Nevertheless, increasing evidence suggests

the involvement of a rapid pulse of Cl" influx into the mast cell during
activation [386].

This is thought to be an im portant step for the

induction of Ca^+ movements into the cell. Recent observations (A.C.
Redrup, personal communication) have show n that the rapid intial Cl"
influx can be inhibited by DSCG as well as by Cl"-channel blockers such
as 5-nitro-2-(3-phenylpropanylamino) benzoic acid (NPPB) [386]. This
blockade m ay then remove part of the driving force behind extracelluar
Ca^+ influx and consequent mast cell activation. Similar actions have
been attributed to the loop diuretic frusemide, a Na+-K+-Cl" co
transporter, that has been dem onstrated to inhibit airway contraction in
asthmatics [387, 388]. Unfortunately, this proposed mechanism does not
explain the ineffectiveness of these drugs on basophils, and mast cells
from hum an skin and tissues of the guinea pig and rat.

Interestingly, nedocromil sodium has been proclaimed to inhibit
eosinophil chemotaxis caused by prim ing w ith GM-CSF, IL-3 and IL-8 .
These studies, by Ruud et al [389], suggested that cromoglycate-like
drugs may be able to down-regulate late-phase inflammatory responses
directly in concert w ith their effects on m ast cells.

The actions of the ^ 2 -agonists salbutamol, isoprenaline and salmeterol,
unlike cromoglycate-like drugs, were profoundly different from one
another. Salbutamol showed similar activity against histam ine release
from hum an lung m ast cells to the cromoglycate-like drugs, although no
significant tachyphylaxis was observed. Salmeterol produced strikingly
greater inhibition on this cell type than either salbutamol, isoprenaline or
the cromoglycate-like drugs. Again, no tachyphylaxis w ith this agent
was observed. Isoprenaline produced a negligible action on the rat and
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more pronounced inhibition in the hum an lung, which is in agreement
w ith reports by other researchers [44, 348].

In rat peritoneal m ast cells, salbutamol produced m oderate inhibition
rather like that seen in the hum an lung.

Interestingly, this drug

produced greater inhibition of the release of PGD 2 than of histamine in
the rat, although this difference was not imm ediately obvious in hum an
lung mast cells. Controversially, salbutamol as well as isoprenaline also
exhibited significant tachyphylaxis in the rat in contradiction to previous
findings in m an [296]. However, the loss of reactivity to these drugs was
not as profound as that observed with DSCG or nedocromil sodium.
This surprising result could be due to effects of the cellular environm ent
and this point will be elaborated in chapter 5.

The differences of action between salbutamol, isoprenaline

and

salmeterol may be because the latter has been shown to have up to 15
times greater potency on p2 -receptors than salbutamol (as well as

1000

times greater potency on P%-receptors than isoprenaline) [305, 306].

Salmeterol contains two side chains that are linked by a long
hydroxycarbon chain.

This perm its one side chain to bind to the

receptor and the other to bind to an exo-site deeply em bedded in the
membrane which is distinct from the receptor. The interaction of the
drug with the receptor/ membrane produces a constant stimulation of
the p2 -receptors which is thought to be the reason for its long-lasting
activity [305, 306] and which m ay explain the lack of tachyphylaxis
observed in the present study.

However, the onset of action of

salmeterol is longer than for salbutamol and isoprenaline (the latter
being a non-selective agonist) [305, 310]. The reason for the unexpected
responsiveness of the cells to salbutamol in the present w ork is not clear
but may reflect seasonal or strain differences [390].

107

C h apter 3

The longevity of p-receptor agonist action appears to depend on the
lipophilicity of the compounds (as typified by salmeterol) [305].
Therefore, the progressive loss of activity of salbutamol and isoprenaline
m ay be because of a dissociation of the drugs from the plasma
m em brane with increasing time [305]. This effect is the accepted reason
for the short duration of action of salbutamol in vivo [305, 310, 311].
However, tachyphylaxis observed w ith this drug is likely to differ from
that seen with the cromoglycate-like drugs. This m ay be due to the latter
having m arkedly different modes of action from the p-agonists which
are thought to produce an inhibitory effect by raising cAMP levels. In
addition, cromoglycate-like drugs have not been show n to cause any
desensitization in vivo, unlike that observed w ith salbutamol [307, 308,
309].

Theophylline produced essentially identical inhibitions of histam ine and
PGD 2 release from both the hum an lung and rat peritoneal mast cells
which was almost complete at the top test concentrations. Interestingly,
this drug also produced a statisically significant tachyphylaxis on rat
peritoneal mast cells, although this was not as pronounced as w ith other
drugs.

It has generally been accepted that theophylline elevates intracellular
cAMP concentrations by preventing the breakdow n of this molecule by
inhibition of the enzyme phosphodiesterase [318, 319, 320, 329].
However, the relationship between elevated cAMP and inhibition of
m ediator release is not conclusive in some m ast cell systems. This is
implicated by experiments that show the ineffectiveness of theophylline
on rat MMC of the intestine [292]. These conflicting results indicate a
non-uniformity in the ability of cAMP-active com pounds to inhibit mast
cell secretory processes. Holgate and coworkers have argued that only
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certain discrete pools of cAMP are coupled to the inhibition of m ast cell
activation [391].

It has also been suggested that the role of cAMP depends on the type of
mast cell m ediator studied. Okayama and Church have suggested that
the biochemical pathw ays leading to PGD 2 release are more sensitive to
the inhibitory effects of cAMP than those for histamine [296]. However,
the results of the present study do not show any clear evidence for this
since theophylline did not significantly inhibit the release of PGD 2 more
than histamine, although this agent elevates cytosolic cAMP.

In

addition, all the compounds studied generally displayed a tendency for
greater inhibition of PGD 2 release than for histamine, despite their
otherwise heterogeneous effects between the two mast cell types studied.
This m ay indicate that the immunological stimulus required for
prostanoid synthesis is greater than that for histamine and may therefore
be more easily m odulated by the com pounds used in this study.

In this study, the NSAID indomethacin was found to have a profoundly
different effect on histamine release from rat peritoneal and hum an lung
m ast cells. In the rat, this drug significantly enhanced histamine release
due to the action of anti-IgE. This effect was only observed w hen the
d rug was added simultaneously w ith the stimulus. At longer intervals
of preincubation, the drug was apparently ineffective as was the case in
all experiments involving the hum an lung system.

As previously described in chapter 1, indomethacin acts by inhibiting
cyclooxygenase and so prevents the synthesis of prostanoids [330]. This
is in agreement w ith the inhibition of PGD 2 release observed from both
cell types in this study. These results showed a complete prevention of
the release at maximal concentrations of the drug.
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com pound was ineffective in preventing histamine release from hum an
lung m ast cells and potentiated histamine release in the rat.

The reason for the variation in the effects of the drug on histamine
release and prostanoid production in the disparate cell types m ay reflect
differences in the balance of the signal transduction pathw ays.

Some

researchers have postulated a possible shunt from the cyclooxygenase
pathw ay to the lipoxygenase pathw ay after the introduction of NSAIDS
[333, 334]. Evidence of this effect has been shown in the case of aspirininduced asthma, where a consequent elevation in LTs have been
m easured following exposure to aspirin [333]. Some reports have also
suggested that increased synthesis of a certain lipoxygenase metabolite
may be involved in the histamine release process [334].

As already

described in chapter 1 , the amounts of the various eicosanoids produced
differ m arkedly according to the mast cell phenotype. The differential
effects of indomethacin on histamine release from rat peritoneal and
hum an lung mast cells m ay be due to differences in the generation of the
lipoxygenase products that lead to an enhancem ent of histam ine release.

The Chinese herbal extracts produced a stiking inhibition of histamine
release due to immunologic activation in both cell types. Conversely, the
placebo had little effect on histamine release.

The active components

contained in these extracts are poorly understood.

However, the

botannical components which had the greatest inhibitory effect on
immunologically stimulated m ast cells (PH336, PH 166 and PH329) are
known to contain large proportions of flavonoids.

Flavonoids are a group of compounds which have a structure based on
2-phenyl-4-chromone [392].

Thus, these active extracts m ay contain

compounds resembling DSCG. However, as previously shown, DSCG
and its congener nedocromil sodium are less effective on hum an lung
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m ast cells whereas the herbal extracts inhibit histamine release from
hum an lung m ast cells in a similar fashion to the rat.

This effect is

similar to that of quercetin (another flavonoid) which also has
comparable activity on both m ast cell types [316].

The Chinese herbal extracts and placebo produced a rem arkable effect
on com pound 48/80 induced histamine release although only the active
extracts were effective on substance P induced release. This may be due
to several reasons. Firstly, tannins (present in both the herbal extract
and placebo) m ay be negating mast cell activation due to Ca^^ chelation.
These results w ould then not be of biological importance since tannins
are only poorly absorbed in vivo and so w ould not play any significant
role in the tissues. Moreover, studies have shown that tannins m ay lead
to reduced Ca^^ absorbtion in the gut which is an unw anted effect w hen
using herbal therapies [393]. Secondly, studies by Yu et al have found
that components of Dictamonas dasycarpus

(PH337)

are effective

vasorelaxants on the rat aorta [394]. They also discovered that this herb
contains components that suppress Ca^^ influx through both voltagedependent and receptor operated Ca^"*" channels.

This w ould have

dramatic effects on mast cell activation given the key role of the cation in
stimulus-secretion coupling [189,190, 206]. Clearly, the effects of tannins
on isolated cells could complicate any attem pts to deduce the precise
mechanism of action of preparations such as PH337.

The action of the herbal extracts could also be due, in part, to NSAID or
steroid-like components which are present in PH337, PH335 and PH340
[344].

These preparations were less effective at inhibiting histamine

release and in the case of PH340 (Rehmannia glutinosa) slightly
potentiated secretion. The latter preparation m ay therefore have similar
properties to the NSAID described earlier.

The inhibitory activity of

steroids norm ally requires long preincubation times and some evidence
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for a tem poral effect was observed w ith increasing preincubation of the
herbal extract.

PH335 {Glycerrhiza glabrae, an extract of liquorice) has been demonstrated
to inhibit the activity of

11

p-hydroxysteroid dehydrogenase which

converts cortisol to cortisone [395].

This does not appear to lead to

increases in the ratio of cortisone to cortisol in the urine but may lead to
increased organ-specific potentiation of endogenous corticosteroids
[344].

Furthermore, liquorice extracts, together w ith those from the

peony, have been shown to have num ereous additional beneficial effects,
including the prevention of adverse responses to cancer chemotherapy
agents [396], as free radical scavangers [397] and anti-bacterial actions
[344].

W hether the effects of these herbs are due to a single com pound or to a
num ber of active agents is yet to be determined. Unfortunately, due to
lack of responsive cells, these extracts were not tested on skin mast cells.
However, their effectiveness on two distinct mast cell types (of the rat
peritoneum and hum an lung) has dem onstrated their potential merit as a
source of novel anti-allergic compounds.
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Fig 3.1
The e f f e c t o f DSCG on anti-IgE
i nduced histamine release from rat peritoneal
mast cells. (n = 8)
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F i g 3.3
The e f f e c t of n edocro m il sodium
on anti-IgE ind uc ed histam ine r e lea s e fro m
rat p e r i t o n e a l m a s t c e l l s .
(n= 7)
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Fig 3.5
The e f f e c t of salbutamol
anti-IgE induced histamine release
peritoneal mast cells.
(n = 12)
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Fi g 3.9
The e f f e c t o f i s o p r e n a l i n e on
anti-IgE induced histamine release from
p e r i t o n e a l mast c e l l s .
(n = 8)
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F i g 3.11
The e f f e c t o f t h e o p h y l l i n e on
a n t i - I g E i n d u c e d h i s t a m i n e r e l e a s e f r o m rat
p e r i t o n e a l mast c e l l s .
(n=7)
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Fig 3.13
The e f f e c t o f i n d o m e t h a c i n on
anti-IgE induc e d h i s t a m i n e r e l e a s e f r o m rat
pe r ito n e a l mast c e l l s . (n=5)
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F i g 3.15a
T h e e f f e c t s of a n t i - a l l e r g i c c o m p o u n d s on
a n t i - I g E i n d u c e d PGD% r e l e a s e f r o m p u r i f i e d rat
p e r i t o n e a l m as t c e l l s .
(C R =3 0 .6 ± 8. 7 n g / m i l l i o n m a s t
c e l l s . ) (n=7)
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F ig 3.16a
T h e e f f e c t s of a n t i - a l l e r g i c c o m p o u n d s on
a n ti-Ig E in d u c e d P G D x release from p u r ifie d h um an
lu n g mast cells.
(CR = 2 2 8 . 8 ± 4 3 . 7 n g / m i l l i o n m a s t
c e l l s ) (n = 3)
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F ig 3.16b
The e f f e c t s of a n t i- a l l e r g i c d r u g s on
anti-IgE in d u ce d h ista m in e release from p u r ified
h u m a n lu n g mast cells.
( C R = 1 7 . 0 ± 7 . 8 %)
(n=3)
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Fig
3.17a
T he e ffect of pooled
C h in ese
h erbal extracts on anti-IgE in d u ced
h istam in e
release from
rat p e r ito n e a l m a st c e lls.
(n = 10)
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Hi st ami ne r elease i nd u c e d by
ant i - I gE f r o m rat peri t oneal mast cells and
t he e f f e c t of pooled Chinese he r ba l e x t r a c t s
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Fig
3.19a
The effect of C h in ese herbal
ex tra cts on anti-IgE in d u c e d
histam in e
release from
hum an
lung m ast
cells.
(n = 6)
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F i g 3.20a
Histamine release induced
by
anti-IgE fro m h u m an lung mast cells
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Fig
3.21
H istam in e release in d u ced
by
substance P from
rat p e r ito n e a l m a s t c e lls a n d
the e ffe c ts of pooled C h inese herbal extracts
and placebo
(500 pg/m l).
(n=4)
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F i g 3 .2 3 a
T he e ffects of the isolated
C h in e s e h e rb a l c o m p o n e n ts on a lle r g e n
induced histam ine release from rat peritoneal
m a s t c e l l s ( C R = 3 2 . 2 + 6 . 3 %).
(n=4)
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Hi s t a m i ne r e l e a s e i n d u c e d by
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h e r b a l c o m p o n e n t s on a l l e r g e n i n d u c e d
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c e lls ( C R = 3 2 . 2 + 6 . 3 %).
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Fig 3.24
Summary of the effects of the
isolated Chinese herbal components on
allergen induced histamine release from rat
peritoneal mast cells. (n=4)
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Table 3.1 Summary of the Effects of Various Anti-Allergic Compounds on
Histamine and PGD2 Release from Purified Rat Peritoneal and
Human Lung Mast Cells.
Inhibition of Histamine and PGD2 Release
Rat Peritoneum n=10
Drug
DSCG 100 pM (%)
IC20 (pM)
Nedocromil sodium 100 pM
(%)
IC20 (pM)
Salbutamol 10 pM (%)
IC20 (pM)
Theophylline 1 mM (%)
IC20 (pM)
Indomethacin 1 pM (%)
IC20 (pM)
Human Lune n=3
Drug
DSCG 1000 pM (%)
IC20 (pM)
Nedocromil sodium 100 pM
(%)
IC20 (pM)
Salbutamol 10 pM (%)
IC20 (pM)
Theophylline 1 mM (%)
IC20 (pM)
Indomethacin 1 pM (%)
IC20 (pM)

Histamine
50.2+11.3
12.6+8.2
44.9±8.3*

PGD2
67.1±8.5
0.68±0.15
70.79±3.24*

6.1±4.0
30.9±5.2*
0.90±0.60
105.3±4.2
N.D.
-36.8+6.0***
N.D.

0.99+0.31
55.9±7.3*
0.06+0.04
125.7±20.5
N.D.
125.7+20.5***
N.D.

Histamine
52.2±14.5
334.1±332.9
20.2+8.4

PGD2
42.4+10.5
167.3±87.6
26.2±5.4

33.5±33.3
49.9±9.7
0.073±0.056
107.5±4.6
27.1±26.4
7.7±6.8***
N.D.

11.1±6.6
63.4+10.4
0.008±0.006
109.7±8.3
22.9±14.1
112.2+9.5***
N.D.

Each result is the mean ± s.e.m. of either the % inhibition of histamine or PGD 2 release at
the top test concentrations of drug or the IC2 0 value. * And *** represent p<0.05 and
p<0.001 respectively, comparing the effect of a particular anti-allergic compound on the
inhibition of histamine release to that of PGD 2. N.D.= Not determined.
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Chapter Four

The Production and Release of Cytokines from
Human Lung Mast Cells

133

C hapter 4

4.1

Introduction

As previously described in chapter 1 , cytokines are im portant m ediators
that regulate cell growth and activation. The role that these factors play
in imm unology is currently the subject of intense research and may
provide im portant information concerning the nature of cellular
recognition and interaction.

In terms of allergy, it is crucial to see

w hether the mast cell can produce and release these factors in order to
establish whether these cells play a central role in the orchestration of
inflammatory events.

M urine m ast cells were first show n to produce cytokines in 1986 [18].
Much of the subsequent w ork in this area has employed similar cell lines
and the phenom enon has only very recently been investigated on hum an
mast cells [167, 169, 170, 172]. Some authors have reported that m urine
mast cells produce a range of cytokines that are also generated by T h 2
lymphocytes, namely, IL-3, IL-4, IL -5,11-6, IL-IO and GM-CSF [164, 165].
These cytokines are thought to prom ote type I responses and are
opposed by the actions of IL-2, IFN -7 and TNF-p from T h I lymphocytes.
In addition, TNF-a is also released by m urine and hum an skin m ast cells
[162, 165, 167, 170, 398], and may participate in the prom otion of
leukocyte infiltration [398, 399]. The present study concentrated on the
release of 4 key cytokines, namely, IL-4, IL-6 , GM-CSF and TNF-a.

IL-4 is a 129 amino acid glycoprotein of 20 kDa molecular mass and
contains

6

disulphide bridges [124, 400].

This cytokine is highly

conserved among different species and has ca 70 % homology between
the m ouse and m an [400].

IL-4 acts via specific m em brane receptors which (in the mouse) are
closely related to the receptors for IL-2.
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mechanism for the IL-4 receptor is unknown. However, activation does
not appear to alter Ca^^ concentrations
co
w ithin the cell or alter
phospholipid metabolism [400].

The effects of IL-4 have already been discussed in chapter one. Briefly,
these include enhanced Th 2 derived further IL-4 production, B-cell
proliferation and differentiation (IgM /IgG to IgE switching), antagonism
of IL-2 m ediated effects, as well as increased m ast cell proliferation
(murine) and increased basophil proliferation (human) [127, 129, 148,
401].

IL- 6 is a glycoprotein of ca 184 amino acids in length, ca 26 kDa
molecular mass and exhibits 42 % homology between the mouse and
m an [124, 126, 400]. However, m any forms of this cytokine have been
isolated w ith varying masses (21.5-28 kDa) due to differing degrees of
post-translational modifications, such as glycosylation in the Golgi
apparatus. In the plasma, IL-6 is thought to exist coupled to a carrier
protein [400].

The receptors for IL- 6 are highly glycosylated and there are at least two
different types w ith varying IL-6 binding affinity (Kd=10’^ and 10'^^ M)
[400]. Receptor activation results in an association w ith tyrosine kinases,
which are im portant effectors in gene regulation. Stimulation of the IL-6
receptors also leads to adenylate cyclase activation and the initiation of
PKC activation [400].

These activation processes lead to a spectrum of biochemical events and
m ay explain the pleiotropic effect of this cytokine on a w ide variety of
cell types.

IL- 6

is

an

im portant m ediator

in

antigen-specific

inflammatory and immunologic processes [124, 127]. These include the
proliferation and differentiation of B-cells and T-cells, actively inducing
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B-cell antibody production and the induction of haemopoiesis in
conjunction with other cytokines (such as IL-3) [124, 127, 400].

In

tum our cells, an IL- 6 concentration of only 2 p g /m l can lead to
substantial increases in myeloma tum our cell colony formation [400].
This effect is inhibited by IFN -7 or by anti-IL - 6 monoclonal antibodies.

GM-CSF is another glycoproteinaceous cytokine of 127 amino acids in
length. It has a mass of between 14-35 kDa and this difference again
arises because of varying amounts of glycosylation [127, 400]. GM-CSF
is related to IL-3 and IL-4 and binds to receptors which are mainly
expressed by myeloid progenitor cells. Receptor binding is thought to
activate tyrosine kinases, although the signal transduction mechanism is
poorly understood [127]. In man, GM-CSF receptor binding is partially
inhibited by IL-3, therefore suggesting a common receptor for these
cytokines [124,127,400].

GM-CSF participates

in

the

grow th

and

proliferation

of most

inflammatory cell precursors in synergy w ith other cytokines (such as
IL-3, IL-4 and erythropoietin). Unlike IL-4 and IL-6 , GM-CSF is species
specific [400].

TNF-a, in contrast to the aforementioned cytokines, is not glycosylated
[127]. It consists of a single 157 amino acid chain of 17 kDa molecular
mass and usually exists as a trim er in solution. It acts on specific high
affinity receptors related to NGF receptors that are expressed on all cell
types, with the exception of erythrocytes. Interestingly, soluble receptors
for TNF-a, IL-4 and IL-6 have been reported to exist in vivo and may
have an im portant regulatory effect on cytokine concentrations [126,127,
400].
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TNF-a has a broad range of activities which are effected at very low
concentrations {ca 10 pg /m l). These include cytolysis or cytostasis of
certain tum our cells, thrombosis, chemoattraction for neutrophils and
increased ELAM-1 expression [127,160]. It also stimulates production of
collagenase and PGE2 by fibroblasts and is therefore associated with
tissue damage found in m any chronic inflammatory diseases [400].

Since abundant speculation has surrounded the role of cytokines in the
pathogenesis of asthma and chronic lung diseases, the aims of this study
have been to demonstrate whether immunologic activation of hum an
lung mast cells leads to stimulation of cytokine mRNA production and
the release of these factors. Additionally, because SCF has been reported
to prime and activate hum an and rodent m ast cells, its ability to evoke
cytokine generation from hum an lung m ast cells was evaluated.

4.2

M ethods

All m ethods employed in this study were described in chapter 2.

4.3

Results

Since these experiments required a large num ber of purified (typically
60-90 %) hum an lung mast cells, it was not possible to asses the cytokine
release from cells of the same patient over the full range of incubation
times used in this study. Where used, unpurified preparations typically
contained 2-5 % m ast cells.

4.3.1 C ytokine m R N A Production

Fig 4.1 shows a UV light box photograph of the gel electrophoresis of
RNA from purified hum an lung m ast cells. The m igration of various
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masses (usually expressed in terms of the num ber of kilo-base pairs) of
molecules of RNA were compared w ith an RNA "ladder" in order to
establish the position of the bands of the 28 S and 18 S ribosomal RNA
(rRNA).

Fig 4.2 shows the subsequent probing of the mRNA after Northern
blotting for actin as well as for TNF-a. The actin probing was perform ed
to guage the am ount of mRNA loading of the samples onto the
m em brane and showed a weak band corresponding to the unpurified
m ast cell preparation (lane 1). No band was seen for this unpurified
m ast cell preparation following probing for TNF-a. However, this lack
of signal for TNF-a m ay have been due to low levels of RNA transferred
onto the m em brane and therefore the result is unclear.

Lane 2

corresponds to a purified unstim ulated m ast cell preparation and shows
a clear band for actin and TNF-a.

Anti-IgE stimulated mast cells

produced no increased histamine release in this experiment and the
results for TNF-a mRNA (not shown) were similar to those obtained
from the unstim ulated cells.

Lane 3 corresponds to purified hum an

alveolar macrophages, obtained by Dr. J. Arm (Harvard Medical School)
from lavage of an atopic non-asthmatic individual. This preparation was
used as a positive control and showed a strong band for both actin and
TNF-a. The stronger band for TNF-a from this preparation compared to
the m uch weaker band for the m ast cell preparation was probably due to
far greater amounts of mRNA loaded onto the m em brane in this sample.
No mRNA was seen for IL-4 or GM-CSF in purified mast cell
preparations (results not shown).

4.3.2

C ytokine Release From H um an Lung M a st Cells

4.3.2.1 Release of TNF-a and IL-4 from Purified and Unpurified Human Lung Mast
Cells due to Immunologic Activation
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Figs 4.3 and 4.4 show the net anti-IgE induced release of TNF-a and IL-4,
respectively, from purified and unpurified hum an lung m ast cells. It
was observed that the net release of both cytokines appears to be greater
for purified cells, indicating that they were probably m ast cell derived,
and a maximal release of TNF-a and IL-4 was observed at 5-10 m in
incubation after anti-IgE challenge. At longer periods of incubation, the
net release decreased and fell below that of basal levels.

A small,

variable release of both TNE-a and IL-4 from unpurified m ast cells was
m easured after 4 hours of incubation.

Assuming that both these

cytokines were m ast cell derived, all subsequent results were calculated
in terms of the am ount of cytokine released per million m ast cells, unless
stated otherwize.

Further detailed studies involving purified hum an lung m ast cells
showed a very small basal release of TNF-a (Fig 4.5) which increased at
longer periods of activation. This rose sharply after 4 hours, mainly due
to surprisingly large amounts resulting from one particular experiment.
Anti-IgE stimulated release was slightly higher than the basal release
and w hen plotted as a net release (Fig 4.6) showed a small, yet
significant, net pulse of TNF-a release which reached m axim um at 5 m in
and then declined to below basal levels after one hour of stimulation.
The release of IL-4 (Fig 4.7) again showed a small basal release which
generally increased w ith prolonged incubation. As w ith TNF-a, the net
release of this cytokine produced a pulse which was also maximal at 5-10
min, after which the am ount released fell below that of basal levels (Fig
4.8). However, the net release of IL-4 due to immunologic activation was
less than that observed for TNF-a and the release at 4 hours incubation
was not clear.

Histamine release for the above experiments was m easured and
described in Figs 4.9 and 4.10, which show both the absolute am ount of
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histam ine released (in ng per million m ast cells) and the percentage of
histam ine released. With the exception of the earliest incubation (2 min),
histamine releases from all experiments were above 10 %.

This net

release decreased slightly after one hour of incubation. The low net
histamine release observed for the two and four hour incubation times
were due to less reactive cells used in some of these experiments.

4.3.2.2 Release of TNF-a and IL-4 from Purified Lung Mast Cells due to SCF

The effects of stem cell factor (SCF) and the effects of SCF in combination
w ith anti-IgE were investigated on TNF-a release as portrayed in Fig
4.11. As before, a steady basal release of this cytokine was observed
from unstim ulated mast cells w ith increasing incubation time. W ith the
exception of the longest incubation time (4 hours), a net release of TNF-a
was observed in both SCF and SCF + anti-IgE stimulated cells (Fig 4.12).
However, this net release was small, of varying significance, and no
clear pattern of release was observed w ith either stimulus. Nevertheless
this net release due to SCF and SCF + anti-IgE was seen to be more
sustained for prolonged periods of incubation than for experiments with
anti-IgE stimulated cells alone (Fig 4.6). A rather clearer pattern of the
effects of SCF w ith or w ithout anti-IgE was observed for IL-4 (Fig 4.13),
w here a m oderate pulse of net IL-4 release was seen at 2 m in stimulation
for SCF and SCF + anti-IgE (Fig 4.14). At longer periods of stimulation,
this net release declined for both SCF and SCF + anti-IgE and fell below
that of basal levels in a similar fashion to the net anti-IgE induced release
observed earlier for TNF-a and IL-4.

As w ith TNF-a, there was no

consistent difference betw een SCF alone or SCF + anti-IgE, even though
the combined effects of SCF and anti-IgE lead to m arkedly more
histamine release (Fig 4.15) in comparison to that of SCF alone.

4.3.2.3 Degradation of TNF-a and IL-4 from Purified Lung Mast Cells
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Fig 4.16 shows the percentage release of TNF-a calculated from the total
content of the cytokine. (The total content is the sum of the am ount of
cytokine m easured in the supernatants and in the lysed cell pellets.) Fig
4.17 shows the net percentage release of TNF-a from anti-IgE stimulated
m ast cells. These results show a high proportion of spontaneous release
of the cytokine which did not increase w ith time. There was a variable
net release of TNF-a at 10 m in challenge which fell at 4 hours.

The

percentage release of IL-4 (Fig 4.18) dem onstrated a rising spontaneous
release of this cytokine w ith time, unlike that seen for TNF-a. However,
the net release of IL-4 (significant at 10 m in incubation) followed a
similar pattern to that observed for TNF-a (Fig 4.19) and appeared to
indicate the possible degradation of the material. This is also observed
in figs 4.20 and 4.21 which show the total TNF-a and IL-4 contents for
both anti-IgE stim ulated and non-stim ulated purified hum an lung mast
cells at 10 m in and 4 hours incubation. For both cytokines, there was a
noticible increase in spontaneous production of these factors at 4 hours
which was lower for stim ulated cells despite similar percentage releases.

To investigate this apparent degradation further, lysed m ast cells (at ca
250,000 m ast cells/m l) incubated w ith a spike of IL-4, showed a clear
degradation of this cytokine which w as greatest w ith increased
incubation time and m oderately dependent on the concentration of IL-4
employed (Fig 4.22). Protease inhibitors were used in order to inhibit
any possible IL-4 degradation which could have arisen either during the
incubation period of the experiment or during the ELISA assay. This
was achieved by the addition of a m ixture of leupeptin, SBTI and
aprotonin (at a final concentration of

20

|ig /m l for each inhibitor) which

have been reported to inhibit the proteolysis of IL-4 (M.K. Church,
personal communication).

These

inhibitors

were

either

added

simultaneously w ith the stim ulus/buffer, or at the end of the experiment
together w ith cells which were not treated by these compounds.
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However, the addition of protease inhibitors did not lead to any clear
increase

in

the

amounts

of IL-4 detected

unstim ulated mast cells (Fig 4.23).

from

stimulated

or

However, the anti-IgE induced

histamine release from these experiments {ca

10

% net) was lower than

for those observed earlier.

4.3.2.4 Release of GM-CSF and IL-6 from Purified and Unpurified Human Lung
Mast Cells

No significant levels (< 1 pg per million mast cells) of GM-CSF were
m easured from either purified or unpurified hum an lung m ast cells.
Conversely, both purified (Fig 4.24) and unpurified (Fig 4.25) hum an
lung mast cells appeared to produce IL-6 and generally gave a greater
release w ith increasing time. No clear net release was observed with
anti-IgE stimulated cells and this value for unpurified lung m ast cells fell
to below that of basal levels at longer periods (>1 hour) incubation (Fig
4.26). These cells were adequately responsive in terms of their histamine
release (Fig 4.27), although purified m ast cells were generally less
reactive.

4.4 Discussion

These results show that hum an lung m ast cells produce and release
tentative amounts of IL-4 and TNF-a which are increased by
immunological activation of the cells or by the action of SCF. Although
the levels m easured were low, a significant difference in the net release
of these cytokines was observed between purified and unpurified
hum an lung m ast cells. This suggests that for short term incubation with
secretagoues both IL-4 and TNF-a are m ast cell derived.
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Since the net release of these factors was observed w ithin the first 30 min
after stimulation, it is most likely that hum an lung mast cells store IL-4
and TNF-a as preform ed mediators rather than soley synthesizing them
after stimulation. The latter requires a process which usually takes over
an hour for these proteinaceous factors to be translated and released by
the cells. Thus, these results are in agreement w ith immunocytochemical
staining studies that have shown the presence of pre-form ed IL-4 and
TNF-a in m ast cells [170,171,172].

The release of preform ed TNF-a has been dem onstrated by Gordon and
Galli [162] in mice as well as in in vivo studies by Zhang et al (166) who
showed that a pulse of this cytokine produced increased neutrophil
influx into the mouse peritoneum. Studies on hum an skin mast cells by
Walsh and coworkers [170] also point to the early release of preform ed
TNF-a.

The results of the present study further show the ability of

hum an lung mast cells to sythesize this cytokine as dem onstrated by
Northern blot analysis and from m easurements of the total content of the
cytokine, which clearly demonstrate an increase of material w ith time.
Similar results were also obtained for IL-4.

Other studies on hum an lung mast cell cytokine release are scarce
despite the ready availability of assay techniques. The present studies,
however, conflict w ith recently published data by Church and coworkers
[172, 399] who have reported levels of IL-4 at concentrations up to 1000times greater than those found in our experiments. There are a num ber
of potential explanations for these differences and one possible factor lies
in the isolation and purification techniques used between these studies.
The other researchers used immunomagnetic beads coupled to YB-5B8
which recognises the second dom ain of the c-kit receptor (CD 117) [172,
173, 399].

This positive selection procedure m ay provide a prim ing

stimulus to the m ast cells, although YB-5B8 binding, unlike SCF, does
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not appear to induce histamine release by itself [173]. However, it is not
clear w hether this procedure can lead to upregulation of mRNA cytokine
synthesis. The c-kit receptor is known to effect gene regulation via a
tyrosine kinase [135]. In vivo, m ast cells are thought to interact with
stromal cells via a m em brane-bound ligand for c-kit [174]. However, the
physiological concentrations of c-kit ligand in the tissues are by no
means clear and these authors [172, 399] m ay be prim ing the cells with
an artificial am ount of c-kit activation.

On the other hand, it is im portant to consider the likelyhood that
cytokine m ediated prim ing of mast cells in vivo may govern the
production and release of m ast cell m ediators including cytokines
themselves. Asthmatics have been show n to secrete elevated levels of
TNF-a and IFN from leukocytes [403]. Therefore, in disease, prim ing
effects may contribute to enhanced release of these factors from mast
cells.

Indeed,

these

other

authors

only

observed

detectable

concentrations of IL-4 from 60 % of patients [172, 399]. If contributing
factors from other cell types control the production of mast cell
cytokines, then all experiments of this type are essentially flawed, in
that, whatever technique is employed, the act of purification per se places
the cells in an artificial environment. These conditions then give rise to
possible dysfunctional release/production mechanisms.

The release of IL-4 and TNF-a was induced either by SCF alone or in
combination w ith anti-IgE. However, the net release of cytokine due to
SCF or SCF + anti-IgE was not profoundly different to that w ith anti-IgE
alone, although the effect was observed for a longer period of time. It
w ould have been interesting to study w hether SCF or YB-5B8 could
increase mRNA cytokine synthesis. If this were so, the discrepancies
between the data obtained in this study and those by the other group
m ay become clearer.
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However, in agreement w ith Tunon de Lara et al [399], the present
experiments also showed the degradation of IL-4.

In addition, the

degradation of TNF-a and possibly IL-6 was observed (although IL-6
did not appear to be soley mast cell derived). However, the degradation
of IL-4 was not significantly overcome by the employm ent of protease
inhibitors, which were also used by Tunon de Lara et al [399]. In any
event, IL-4 degradation did not exceed 60 % w hen using m ast cell lysates
and was substantially less than this at short time periods and higher
levels of the cytokines. Therefore, even if the data were corrected for
this degradation, the amounts of IL-4 w ould still fall far short of those
reported above. Some evidence does exist, however, for the involvement
of proteases in the regulation of cytokine concentrations.

Studies by

Scuderi et al have showed that neutrophil derived cathepsin-G
inactivates TNF [404].

It is thus possible that certain m ast cell

subpopulations release and degrade cytokines according to their location
within the tissues and their protease content.

These studies have dem onstrated the need to set methodological
param eters which achieve a natural m ast cell prim ing status. Though
extremely time consuming, and at times frustrating, this study has
dem onstrated the production and release of small amounts of both IL-4
and TNF-a due to immunologic and SCF induced mast cell activation. If
these amounts m ay be considered to be biologically relevant, hum an
lung mast cells m ay genuinely be centrally implicated in the initiation
and orchestration of chronic inflammatory events.

The involvement of mast cells in immediate type 1 responses due to the
release of histamine and eicosanoids is well understood (see chapter 1 ).
If the amounts of cytokines m easured in this study are m eaningful, then
these cells may also initiate late-phase responses due to the chemotactic
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effects of TNF-a, as well as their enhancement of Th 2 lymphocyte
cytokine release by IL-4 which augments B-cell IgE production.
Additionally, IL-4 together with IL-lp has been show n to increase cell
adhesion to endothelial cells by the induction of vascular cell adhesion
molecule-1 (VCAM-1) on the endothelium , thereby enhancing leukocyte
infiltration due to the effect on ELAM-1 by TNF-a.

Finally, it is absolutely essential that independent laboratories establish
the true levels of cytokines that hum an lung mast cells may produce
under defined conditions. The present published data is derived from
only one centre, although other major groups (L.M. Lichtenstein and D.
MacGlashan, personal communications) have, like ourselves, failed to
demonstrate the release of large quantities of these agents.
central area of mast cell research and further work is vital.
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Fig 4.1 Gel electrophoresis of isolated RNA from purified and u n pu rified
h u m a n lung m ast cells. (P hotographed on a UV light box.)
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Fig 4.2 A u to ra d io g ra p h s from N o rth e rn blot analysis of unp urified and
pu rified m ast cell m R N A p ro b ed for actin and TNF-a.
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Fig 4.3 Net TNF-Krelease from purified and unpurified
hum an lung mast cells induced by anti-IgE. (n=3-7)
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Fig 4.4 Net IL-4 release from purified and unpurified
hum an lung mast cells induced by anti-IgE. (n=3-7)
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Fig 4.5 TNF-Krelease from p u rifie d h u m a n lu n g
m ast cells in d u c e d by anti-IgE. (n=3-7)
100

-I

S p ontaneous
80 -

Anti-IgE

60 -

fS
s
oo

40 -

S)
a.
2

H

240

Time (mins)
Where * represents p<0.05 comparing anti-IgE stim ulated mast cells w ith
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Fig 4.6 Net TNF-k release from purified hum an
lung mast cells induced by anti-IgE. (n=3-7)
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Fig 4.7 IL-4 release from p u rifie d h u m a n lu n g
mast cells in d u ced by anti-IgE. (n=3-7)
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Where * represents p<0.05 comparing anti-IgE stim ulated m ast cells
w ith spontaneous release.

Fig 4.8 Net IL-4 release from purified hum an lung
mast cells induced by anti-IgE. (n=3-7)
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Fig 4.9 Net histam ine release from purified hum an lung
mast cells induced by anti-IgE. (Corresponding to the
TN F-tand IL-4 release experiments.)
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Fig 4.10 Net % histam ine release. (Corresponding to
Fig 4.9, above.)
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Fig 4.11 TNF-a release from p u rifie d h u m a n lu n g
m ast cells in d u c e d by SCF a n d anti-IgE. (n=3-7)
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Fig 4.12 N et TN F-«release from p u rifie d h u m a n lu n g
m ast cells in d u c e d by SCF an d anti-IgE. (n=3-7)
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Fig 4.13 IL-4 release from p u rifie d h u m a n lu n g
mast cells in d u c e d by SCF a n d anti-IgE. (n=3-7)
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Fig 4.14 Net IL-4 release from purified hum an lung
mast cells induced by SCF and anti-IgE. (n=3-7)
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Fig 4.15 N et h ista m in e release (%) from p u rifie d h u m a n lu n g
mast cells in d u c e d by SCF and anti-IgE. (C orresp o nd ing
to Figs 4.11-4.14.)
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Fig 4.16 TNF-a release from purified hum an lung
mast cells induced by anti-IgE. (Expressed as a
percentage of the total TNF-a content.) (n=4)
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Fig 4.17 Net TNF-a release from purified hum an
lung mast cells induced by anti-IgE. (n= 4 )
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Fig 4.18 IL-4 release from purified hum an lung
mast cells induced by anti-IgE. (Expressed as a
percentage of the total IL-4 content.) (n= 4 )
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Fig 4.19 Net IL-4 release from purified hum an
lung mast cells induced by anti-IgE. (n=4)
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Fig 4.20 T otal T N F -ucontent in p u rifie d h u m a n lu n g
m ast cells sh o w in g the relative p ro p o rtio n of c y to k in e released
from the cells by anti-IgE. (n=4)
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Fig 4.21 Total IL-4 c o n tent in p u rifie d h u m a n lu n g
m ast cells sh o w in g the relative p ro p o rtio n of cyto k in e released
from the cells by anti-IgE. (n=4)
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Fig 4.22 IL-4 degradation due to hum an lung
mast cell lysates. (n=4)
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Fig 4.23 IL-4 release from purified hum an lung mast cells
induced by anti-IgE and the effects of protease inhibitors,
added either at the start or at the end of incubation. (n=3)
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Fig 4.24 IL-6 release from p u rifie d h u m a n
lu n g mast cells in d u c e d by anti-IgE. (n=3-6)
90

- I

80 -

Spontaneous
Anti-IgE

70 -

60 -

-aCJ
rt
a

5 0 -J

"u
3
C

oo
r-(
■g

40 -

30

1

20

-

10

-

Time (mins)

Fig 4.25 IL-6 release from unpurified hum an
lung mast cells induced by anti-IgE. (n=2-5)
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Fig 4.26 Net IL-6 release from purified and unpurified
hum an lung mast ceils induced by anti-IgE. (n=2-6)
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Fig 4.27 Net histam ine release from purified and
unpurified hum an lung mast cells induced by anti-IgE.
(n= 2 -6 )
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Chapter Five

Effects of Cytokines and the in Vitro Cellular
Environment on Mast Cell Activation in the
Rat and Human
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5.1

Introduction

Mast cells are known to be influenced by a num ber of cytokines
throughout their development, from progenitor cells of the bone m arrow
to their m aturation in the various tissues in which they eventually reside.
As previously discussed in chapter 1, IL-3 and SCF are responsible for
the development of m urine mast cells into their various heterogeneous
sub-populations, as determ ined by observations of mast cells cultured
w ith these cytokines over long periods of time. Evidence has recently
emerged that some cytokines (SCF in particular) can also alter mast cell
responses to the action of secretagogues and can liberate m ediators from
these cells in their own right [149,150,151]. Many now believe that these
cytokine influences directly account for m ast cell heterogeneity.

Although w ide ranging ultrastructural differences occur between mast
cells of different species and location, the role of cytokine m ediators in
exacerbating heterogeneous m ediator release is not fully understood.
Additionally, observations from experiments on purified cells (as in
chapters 3 and 4) have shown a loss of reponsivity of the cells to
immunologic activation. Many previous authors have attributed this loss
of reactivity simply to the physical effects of the purification techniques
on the cells, rather than the possible loss of non mast cell derived
cytokines that are responsible for optimal m ast cell priming. Moreover,
if the above were important, this prim ing effect may have serious
implications for results obtained from in vitro experiments using mast
cells, where the cell density and purity could result in differences in
spontaneous m ediator release and in the characteristics of the cells to
activation and to the action of drugs.

The aims of this study were to look at the effect at SCF on two distinctly
different hum an mast cell types, namely, those from the skin and the
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lung and to find out whether histam ine release due to various
secretagogues is influenced by SCF. The effects of SCF w ere also studied
on purified hum an lung mast cells. The effects of purification on rat
peritoneal and hum an lung mast cells, in terms of their responses to
various secretagogues and anti-allergic drugs, were then investigated,
and unpurified and m ast cell depleted preparations were compared.
Additionally, the effects of cell density in vitro and the addition of
soluble factors from various isolated m ast cell rich and m ast cell depleted
preparations were investigated.

5.2

M ethods

All m ethods used in this study were previously described in chapter 2.

5.3

Results

5.3.1 H istam ine Release fro m H um an Skin and Lung M a st Cells due to
Various Secretatagogues and the Effects o f Stem Cell Factor

Both hum an skin and lung mast cells released histam ine in a dosedependent fashion in response to SCF (Fig 5.1). H um an lung mast cells
were more responsive {ca 12 %) to maximal SCF concentrations than skin
m ast cells (ca 7.5 %), although the histamine release due to this cytokine
was not profound and varied considerably betw een experiments.

H um an lung m ast cells showed a m oderate dose-dependent release of
histamine on immunological stimulation w ith anti-IgE, while skin mast
cells isolated by our techniques were essentially unresponsive under
these conditions (Fig 5.2). Both mast cell types were responsive to the
calcium ionophore A23187 (Fig 5.3), and released histamine in a classical
bell-shaped m anner, although the lung m ast cells were significantly more
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reactive than the skin. The effect of compound 48/80 is show n in Fig 5.4:
hum an lung mast cells were unresponsive to this secretagogue whereas
hum an skin m ast cells released a m oderate percentage {ca 15 %) of their
histamine content at high concentrations of the agonist.

5.3.2

Combined Effects o f Stem Cell Factor and Other Secretagogues on
Human Skin and Lung M a st Cells

Fig 5.5 shows the effects on hum an skin mast cells of combining a
maximal anti-IgE w ith varying concentrations of SCF. The data were
corrected for the release due to anti-IgE. The combined effects of SCF
and anti-IgE led to enhanced histamine release that was greater than the
sum of the release caused by SCF and anti-IgE acting on their own.
Preincubating these cells w ith SCF for 10 m in prior to anti-IgE
stimulation produced a significant enhancement of histam ine release.
Similarly, combining these agents led to an enhanced histamine release
from

hum an

lung

mast cells which

was

increased

further by

preincubation w ith SCF (Fig 5.6). However, the effects of SCF and antiIgE in combination were less pronounced on lung m ast cells than those
from the skin.

The above effects for SCF w ith anti-IgE were not clearly observed for SCF
in combination w ith the calcium ionophore A23187 in either skin (Fig 5.7)
or lung (Fig 5.8).

Similarly, SCF w ith substance P produced no

remarkably enhanced histamine release from skin (Fig 5.9) or lung (Fig
5.10) mast cells.

5.3.3 Combined Effects o f Stem Cell Factor and Other Secretagogues on
Purified Human Lung M ast Cells
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There was a m arked reduction in the response of hum an lung mast cells
to

maximal

SCF

concentrations

after

purification

(Fig

5.11).

Combinations of SCF w ith a maximal anti-IgE concentration (Fig 5.12)
produced no clear enhancement of histamine release, in contrast to
unpurified hum an lung mast cells described earlier (Fig 5.6).

SCF in

combination w ith substance P (Fig 5.13) and calcium ionophore A23187
(Fig 5.14) did not produce any substantial enhancement of histamine
release.

5.3.4 Effects o f P urification on H istam ine Release fro m R a t Peritoneal and
H um an Lung M a st Cells in Response to Various Secretagogues

Purified rat peritoneal m ast cells showed a slight reduction in histamine
release due to anti-IgE w hen compared to the unpurfied cells (Fig 5.15).
Mast cell depleted fractions (MCDF) obtained during Percoll purification
techniques (and usually discarded) showed a dramatic reactivity to antiIgE stimulatuion, which was almost twice that of unpurified mast cells.
Mast cell depleted and purified m ast cells were diluted to give a
preparation containing approximately the same percentage of mast cells
as the unpurified sample. Histamine release from this combined pool of
cells was greater than that of unpurified cells alone and, bearing in mind
that the mast cell content in this mixed fraction was predom inantly from
the less responsive purified mast cells, the release was thus substantialy
restored by the addition of MCDF.

H um an lung m ast cells showed a loss of reactivity to anti-IgE after
élutriation (Eig 5.16). This loss was more pronounced than that seen in
the rat and MCDF obtained from lower élutriation buffer flow rates,
though more reactive than mast cell enriched preparations, did not
regain their original activity to anti-IgE compared to the unpurified cells.
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Mast cell rich elutriated cells became slightly more responsive after
further purification by Percoll.

Purified rat peritoneal mast cells were significantly less responsive to the
calcium ionophore A23187 (Fig 5.17). MCDF produced similar release to
the unpurified cells unlike the exaggerated release of these cells to antiIgE. In contrast, though purified and unpurified hum an lung m ast cells
released similar amounts of histamine to A23187, MCDF obtained from
élutriation

released

significantly

more

histamine

at

maximum

concentrations of the secretagogue (Fig 5.18).

As with anti-IgE, compound 48/80 induced histamine release from rat
peritoneal m ast cells showed a slight reduction after purification (Eig
5.19). However, in sharp contrast to the increased reactivity of MCDF to
other secretagogues, these cells were strikingly less responsive to
com pound 48/80 than the purified and unpurified m ast cells.

Unlike m ast cells from the rat, unpurified m ast cells from hum an lung, as
well as m ast cell depleted élutriation fractions, were essentially
unresponsive to compound 48/80 (Fig 5.20).

Surprisingly, purified

hum an lung mast cells were slightly responsive to com pound 48/80 at
m aximum concentrations of the polyamine.

5.3.5 Effects o f Purification on the Action o f Anti-Allergic Compounds on
Human Lung and R a t Peritoneal M ast Cells

DSCG produced an inhibitory action on anti-IgE induced histamine
release which was significantly greater for purified hum an lung mast
cells than for unpurified cells at the top test concentration of the drug
(Eig 5.21).

Likewise, purified lung mast cells showed an enhanced

response to nedocromil sodium and salbutamol, though this was not
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statistically significant (Figs 5.22 and 5.23). Purification had no dramatic
effect on the response to theophylline (Fig 5.24). The effects of these
agents on MCDF from the hum an lung were not tested in these
experiments.

No apparent differences between various preparations of rat peritoneal
m ast cells were observed with DSCG, nedocromil sodium , salbutamol
and theophylline although at the maximum concentrations of the drugs,
purified mast cells generally exhibited a slightly increased inhibition
(Figs 5.25-5.28). However, at high concentrations, salbutamol was less
active on MCDF than w ith other mast cell preparations. This effect was,
however, not statistically significant because of large variations between
experiments.

5.3.6 Effects o f in Vitro Cell D en sity and Soluble Factors on H istam ine
Release fro m Purified and Unpurified R a t Peritoneal M a st Cells

The spontaneous histamine release from purified rat peritoneal mast cells
(Fig 5.29) was m arkedly reduced (from ca 13 % to ca 4 %) w ith increasing
num bers of cells in each reaction tube. Following the addition of soluble
factors produced from mast cell depleted isolated rat cells (rat cell
factors, RCF, defined in chapter 2), the spontaneous histam ine release
was also reduced, more notably in the more diluted cells than the denser
suspensions. Soluble factors produced from mast cell depleted isolated
hum an lung cells (lung cell factors, LCF, defined in chapter 2) produced
a clear reduction in spontaneous release at high cell density (p< 0 .0 1 ) but
the effects of these factors on lower cell density were obscure and were
not determ ined at 25000 m ast cells per tube.

Similar results were

obtained from unpurified rat peritoneal mast cells (Fig 5.30) although the
spontaneous histamine release from these cells was about half that of the
purified m ast cells at lower densities.
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Cell density had no effect on anti-IgE induced histamine release from
purified rat peritoneal mast cells (Fig 5.31). The addition of RCF and
LCF slightly, but not significantly, enhanced the release. Similar data
were obtained for unpurified m ast cells (Fig 5.32).

RCF produced a m arked suppression of compound 48/80 induced
histamine release from both purified and unpurified rat peritoneal mast
cells (Fig 5.33 and 5.34). LCF caused an even greater suppression of the
response than RCF. As before, the histam ine release due to compound
48/80 was also independent of the density of mast cells.

The addition of RCF to calcium ionophore stimulated purified rat
peritoneal mast cells substantially increased the release of histamine in
response to the secretagogue (Fig 5.35). Conversely, RCF had no effect
on unpurified cells (Fig. 3.6). The addition of LCF appeared slightly to
decrease histamine release from purified and unpurified cells at low
densities and to increase the release from the purified cells at greater cell
density.

5.3.7 Effects o f Factors fro m Purified M a st Cells and M CDF on H istam ine
Release fro m Purified R a t Peritoneal M a st Cells

Fig 5.37 shows the spontaneous histamine release from a low density of
purified rat peritoneal mast cells (5000 per tube=10000 m ast cells/m l)
where three concentrations of factors derived from 5000-50000 m ast cells
were added to the cells (see chapter 2). A substantial reduction in the
spontaneous histamine release was seen (12 % to 5.5 %) after the addition
of the lowest concentration of the m ast cell factors (MCF).

This

corresponds to an effective doubling of the mast cell density in terms of
the soluble factors in the tube. More concentrated factors produced a
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minimal further reduction in release. RCF also produced a reduction in
the spontaneous histamine release but this was significant only at the
highest concentration of the material (Fig 5.38). MCF produced a range
of effects on histamine release due to various secretagogues (Fig 5.39).
The responses to both compound 48/80 and calcium ionophore A23187
were very slightly potentiated w ith increasing MCF concentrations.
Surprisingly, MCF persistently suppressed anti-IgE induced histamine
release. Conversely, mast cell depleted factors (RCF) produced a slight
suppression of compound 48/80 induced release whereas the effects of
anti-IgE and calcium ionophre A23187 were enhanced (Fig 5.40).

5.3.8 Effects o f Cell D en sity on the A ctio n o f A nti-A llergic Com pounds

Concentrations that lead to 50 % of the maximal response to DSCG and
salbutamol were used in these studies (1.0 and 0.05 |xM, respectively).
The action D S C ^ o n anti-IgE stimulated rat peritoneal mast was not
significantly

affected by

cell density

in

purified

or unpurified

preparations (Fig 5.41 and 5.42).

Unlike DSCG, the effect of salbutamol was substantially affected by the
purity and density of the m ast cells. U npurified rat peritoneal m ast cells
exhibited a small increase in inhibition due to the drug at higher cell
density (Fig 5.43).

However, greater m ast cell density produced

substantial tachyphylaxis which is not norm ally observed w ith this type
of drug.

Purified mast cells were more responsive to the action of

salbutamol than unpurified m ast cells (Fig 5.44) and, unlike the latter,
these cells exhibited less inhibition of anti-IgE induced histamine release
w ith increasing mast cell density. Tachyphylaxis was also observed with
these purified m ast cells at greater density.
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5.3.9 Effects o f in Vitro Cell D ensity and Soluble Factors on H istamine
Release from Purified and Unpurified Human Lung M ast Cells

Spontaneous histamine release from purified hum an lung mast cells was
only slightly reduced by increasing cell density (Fig 5.45). LCF and RCF
had a variable effect on this spontaneous release and in most experiments
lead to an increased, but not significant, spontaneous release.

In

unpurified mast cells (Fig 5.46) the spontaneous histamine release was
significantly reduced by increased mast cell density although the effects
of LCF and RCF were not clear.

Anti-IgE induced histamine release from purified hum an lung m ast cells
(Fig 5.47) was not dependent on the cell density but was slightly, albeit
not significantly, increased by the addition of LCF and RCF at low cell
density. Similar results were obtained from unpurified hum an lung mast
cells (Fig 5.48) except that the histamine release was slightly higher than
from purified m ast cells. LCF and RCF were less effective at higher cell
density.

Com pound 48/80 induced a very slight release of histam ine from
purified hum an lung m ast cells but only at low m ast cell density (Fig 5.49
and 5.50).

The addition of LCF suppressed all release evoked by

com pound 48/80 in both purified and unpurified cells but RCF produced
a moderate, but not significant, enhancement of histamine release at low
cell densities.

No consistent effects of density and LCF or RCF were observed on the
action of the calcium ionophore A23187 (Fig 5.51 and 5.52).

5.3.10 Histam ine Degradation
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Concentrated mast cell depleted soluble factors (produced by more than
2

million cells per ml) from both the rat peritoneum and hum an lung

were observed to degrade standard concentrations of histam ine (Fig 5.53
and 5.54). Factors from the hum an lung degraded histam ine by up to 55
%. This activity was significantly lost on heating the factors (100 ^C, 15
min) and by treatm ent w ith a mixture of the protease inhibitors
described in chapters 2 and 4 (leupeptin, SBTI and aprotonin, 20 pg/m l).
These degrading agents did not appear to be m ast cell derived since
factors from m ast cell enriched preparations (produced by more than

2

million m ast cells per ml) produced very little histamine degradation
(Fig 5.55).
more than

Similarly, mast cell depleted rat cell factors (produced by
2

million cells per ml) also degraded histam ine and were

inactivated by heat (Fig 5.54).

5.4

Discussion

It has long been established that m ast cells are heterogeneous [21, 346,
348, 369, 370, 371].

The data obtained from the present studies

comparing the hum an skin mast cells w ith those of the lung further
dem onstrated their functional heterogeneity in response to a variety of
secretagogues.

Both of these mast cell types were responsive to the

calcium ionophore A23187, which acts by transporting Ca^^ into the
cells. In contrast, these cell types were dram atically heterogeneous to the
action of compound 48/80, in that skin m ast cells released histam ine in
response to this stimulus while lung m ast cells did not.

This is in

agreement w ith other reports, although the reason for the lack of
response of the lung mast cells is not know n [371, 373].

It has been

postulated that basic compounds such as com pound 48/80 m ay have a
greater effect on skin mast cells because of either an increased fluidity or
greater negative charge on the membrane of this cell type. This m ay then
result in increased interactions of these agents w ith skin m ast cells [371].

173

C h apter 5

Skin mast cells were strikingly unresponsive to anti-IgE in the present
work.

This conflicts w ith m any reports that have shown adequate

responsiveness of these cells to immunologic stimuli [149, 371, 405] and
this loss of reactivity may have been due to the isolation techniques used
in the current study. Recent findings have dem onstrated that overnight
incubation (at 37 °C) may overcome this problem [406]. This may be due
to re-expression of the IgE receptors or simply to the involvement of a
refractory period in which the cells can "recover" from the harsh
dispersion conditions employed [406]. Additionally, the lack of response
to anti-IgE m ight be due to the digestive enzymes used to isolate the cells
or to a dilution of prim ing factors which regulate the sensitivity of the
cells to immunologic activation. One such a factor is SCF.

Both hum an skin and lung m ast cells were responsive to SCF, although
in most cases the lung mast cells produced a greater histamine release
w ith this cytokine. During this work, a num ber of other studies were
published showing the effects of SCF in similar skin and lung m ast cell
models.

Though not effective on basophils, Columbo and coworkers

showed that SCF induced histamine release from skin m ast cells [149] as
did studies by Sperr et al on the lung [151]. In conflict w ith this evidence,
Bischoff and D ahindin failed to detect any effect of SCF on hum an lung
mast cells w ithout any other co-stimulus [150].

Sperr speculated that

these discrepancies may have arisen because Bischoffs' experiments on
isolated hum an lung mast cells did not involve overnight culture [151].
However, this is not in agreement w ith the results reported in this
chapter since both mast cell types were freshly isolated, w ithout culture,
and adequately responded to SCF.

A lack of response to SCF may indicate regulatory factors w ithin these
cell preparations which could desensitize the m ast cells to the cytokine.
Prolonged incubation (24 hours) of hum an m ast cells w ith SCF has also
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been shown to cause desensitization to subsequent later challenge [149].
Sperr and coworkers reported that SCF m ediated histamine release is
dependent on extracellular Ca^^ and that a brief incubation of SCF in
Ca^^-free buffer leads to desensitization to further SCF stimulation in the
presence of the cation [151]. However, these experiments showed that
the above protocol did not affect the potentiated histamine release with
anti-IgE + SCF.

Conversely, Columbo has show n that SCF activated hum an skin mast
cells via intracellular Ca^^ mobilization [149]. The studies described in
this chapter did not show any effect of SCF on calcium ionophore A23187
or substance P induced release, although the mechanism of SCF action
and its role in Ca^^ mobilization is still unclear.

In agreement with the other reports, both hum an skin and lung m ast cells
showed a potentiated histamine release w ith SCF and anti-IgE.

This

potentiation was enhanced w ith short preincubation of the cells w ith the
cytokine and was more pronounced in the skin.

Thus, SCE m ay be

linked to IgE receptors and c-kit activation may thereby facilitate
enhanced immunologic activation. Because of similarities in the action of
SCE on skin and lung mast cells, the short term effects of this cytokine do
not appear to alter the heterogeneous properties of the cells. In vivo, the
physiological concentration of SCF in the local vicinity of mast cells is not
known, although it has been established that basal levels of SCF are ca 3
n g /m l in plasma [407]. This concentration did not produce a striking
histamine release on its own, but it was sufficient to potentiate
immunologically induced histamine release from both skin and lung
m ast cells.

In contrast to these results, the effects of SCF on histam ine release from
purified hum an lung m ast cells were reduced compared to the

175

C h apter 5

unpurified cells.

Furthermore, SCF did not produce any substantial

potentiation of anti-IgE induced histam ine release from the purified cells,
except at the highest test concentration, and appeared slightly to depress
the release induced by substance P or calcium ionophore A23187.

The reduced response of purified hum an lung mast cells to SCF may
indicate that optimal SCF prim ing might only exist in conjunction with
other factors. This is in contrast to the findings of Bischoff and D ahindin
who reported no differences in the enhancem ent by SCF of anti-IgE
induced m ediator release from unpurified or purified hum an lung mast
cells [150]. However, these authors obtained a relatively high percentage
of isolated mast cells, ranging from 4-14 %, following enzymatic
dispersion. These values are rather greater than those achieved in these
studies or those obtained by other groups [173, 379].

Observations

throughout hum an lung mast cell experiments in this study indicate that
the sensitivity of the cells to anti-IgE is lower w hen the tissue has been
repeatedly washed free of blood.

This degree of w ashing is often

employed w hen further enrichment of these cells is required and m ay be
diluting any prim ing factors that govern the optimal sensitivity of the
cells to subsequent stimulation.

This may, therefore, be one of the

reasons behind the lack of differences between cells of varying purity to
histamine release induced by SCF in Bischoffs' report [150].

SCF has been show n to be crucial in mast cell development, as discussed
in chapter one. Recent studies have show n that CD34^ colony forming
mononuclear cells from bone m arrow or cord blood lead to m ast cell
development in the presence of SCF [408, 409, 410, 411, 412]. In m urine
systems, the development of mast cell progenitors is achieved by culture
with SCF and IL-3 together with IL-4 or IL-9/IL-10 [130, 131, 132, 133,
408]. SCF is known to be produced by fibroblasts/strom al cells which
are commonly found in association w ith m ast cells in vivo [136,174,408].
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However, coculture of bone m arrow derived m ast cell progenitors has
been shown to be more successful in the presence of m urine (3T3)
fibroblast cultures rather than w ith SCF alone.

In hum an m ast cell

progenitor culture studies, 3T3 fibroblasts are better for m ast cell
development than hum an (MRC-9) fibroblasts [139, 408, 409].

These

hum an fibroblasts are difficult to culture since they are not contact
inhibited and tend to overgrow in the culture wells, suggesting their
heterogeneity to m urine fibroblasts.

In man, incubation of CD34^

mononuclear cells w ith IL-3 and IL-4 generally gives rise to basophil
precursors, even in the presence of SCF [410, 411].

Some researchers

have reported that SCF or SCF + IL-6 culture of CD34^ cells gives rise to
a relatively large proportion of cells resembling M C tC [412,413].

It is not yet clear at w hat stage M C j and MCxC commited progenitors
arise [411, 414]. Their precursors are influenced by a num ber of possible
factors that may be localized to various organ compartments in vivo
which exert a network of complex interactions that result in the
development of a particular mast cell phenotype [414, 415].

These

factors, other than SCF, may include those produced by endothelial cells
[415, 416]. These cells draw precursor m ast cells, released from the bone
m arrow into the circulation, into the tissues by a variety of interactions.
This stage m ay additionally activate the m ast cells by the action of agents
such as transforming growth factor beta (TGF-(3) and epiderm al growth
factor (EGF), for instance [415, 416, 417].

Once in the tissues, the

precursor mast cells w ould then be influenced by a num ber of factors
produced by fibroblasts/strom al cells and nerves, such as NGF [409, 414,
419,420]. Thus, the successful culture of m ature m ast cells of a particular
phenotype in vitro w ould need careful consideration as to the interplay of
factors that may influence their development, from source to tissue
m aturation.

Although this hypothesis has not been successfully

investigated, it is likely that the effects of one particular cytokine in
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isolation will not fully account for the functional and morphological
heterogeneity of a particular mast cell type.

In vitro studies are commonly used to investigate the heterogeneous

charateristics of mast cells. These cells, in isolation, are often used as a
m odel system for the screening of drugs as employed in chapter three.
However, from these earlier experiments, it became clear that the effects
of purification were altering the characteristic responses of m ast cells
from different locations. There have been few comparable studies on the
effects of purification on m ast cells.

Recent studies by Mackay and Pearce have dem onstrated that some mast
cell enrichment techniques involving Path-o-cyte 4 (a commercially
available solution of BSA) can lead to a dramatic loss of reactivity in rat
peritoneal m ast cells [421]. However, those cells purified by Percoll were
more similar to unpurified cells although the spontaneous release was
greater.

This increased spontaneous release has been attributed to

possible m em brane disruption by the Percoll [421], w ith a subsequently
reduced net release after immunologic activation.

However, a loss of responsiveness after purification was also observed
by Beaven et al. These studies used rat peritoneal mast cells that were
purified by élutriation [422], which suggests two other possible reasons
for this effect. The first is that selection of mast cells by these m ethods
may be enriching a less responsive sub-population. The second is that
mast cells themselves, together w ith other cells, are actively releasing
m ediators that control m ast cell function.

Our studies showed that purified rat peritoneal mast cells were slightly
less responsive to anti-IgE stimulation than those that were not purified.
Surprisingly, the least pure fractions (usually discarded) which contain
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the remaining m ast cells were strikingly responsive to anti-IgE
stimulation.

These cells were also in contact w ith the Percoll which

suggests that this technique may indeed not interfere to a large extent
w ith mast cell function. This was confirmed further by mixing all cell
fractions used in the purification procedure which showed that the
histamine release could be restored and generally increased w ith respect
to unpurified cells which had not been processed. This "overshoot" after
mixing MCDF w ith purified mast cells m ay reflect some form of prim ing
of the purified m ast cells w hen placed back together w ith the non mast
cells.

H um an lung m ast cells dramatically lost their sensitivity to immunologic
activation following élutriation.

This was most pronounced for the

purest m ast cell fractions which, following further enrichment by Percoll,
regained some of their releasability.

These purest cell fractions

comprised the smaller of the mast cells obtained from the first
enrichment stage by élutriation. These findings are in contrast to earlier
studies by Schulman et al who reported greater releasablity to anti-IgE
from the larger, purified m ast cells [254].

The effect of purification on calcium ionophore A23187 m ediated
histamine release was different for the rat peritoneal and hum an lung
mast cells.

Purified rat peritoneal mast cells were significantly less

responsive to this agent whereas, in contrast to experiments w ith antiIgE, the MCDF gave essentially the same response as the unpurified mast
cells. However, in hum an lung mast cell experiments, these MCDF were
more responsive to calcium ionophore A23187 than purified or
unpurified m ast cells, which gave similar responses overall.

MCDF in the rat were strikingly less responsive to the action of
compound 48/80.

This effect was also reported by Beaven and
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coworkers w ho concluded that the smaller m ast cells recovered from the
MCDF were less m ature and therefore responded less well [422].
However, surprisingly, the addition of RCF to both purified and
unpurified rat peritoneal m ast cells could confer the reduced compound
48/80 response. This indicated that regardless of the fact that the mast
cells remaining in the MCDF are smaller and less m ature, their
heterogeneous functions are controlled by factors in their environment.

Purified hum an lung mast cells became significantly responsive to
compound 48/80, which is not usually characteristic for this m ast cell
type, although the release to this agent was not substantial. This may
indicate that removing factors influencing the heterogeneous functions of
m ast cells could rapidly change the characteristics of these cells. This
latter point has only been dem onstrated so far by long term cultures w ith
cytokines (discussed earlier).

Subsequent studies appear to confirm the hypothesis outlined above.
This was dem onstrated by changing the cell density and by the addition
of supernatants from various rat peritoneal cell fractions (RCF, MCF) and
those from MCDF from the hum an lung (LCF) following short
incubations.

Surprisingly, the density of cells appears to perform an

im portant role in the control of spontaneous histamine secretion and is
dependent on either soluble factors or possibly cell-cell contact.

Purified rat m ast cells produced a greater spontaneous histam ine release
than unpurified mast cells. However, the addition of purified mast cell
supernatants, as well as RCF, also dramatically reduced spontaneous
secretion.

The spontaneous histamine release from hum an lung mast

cells also appears to be dependent on both purity and density. However,
unlike the rat, the addition of LCF did not consistently reduce the
spontaneous release.
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Spontaneous histam ine release from mast cells has been reported to play
an im portant regulatory role in vivo [423].

Studies by Sydbom and

coworkers showed that the spontaneous release appears to be dependent
on the intracellular ratio of cAMP to cGMP, a fall in which is observed
following sensitization of rat peritoneal mast cells [424].

O ur studies

showed a general loss of activity of cAMP m odulating drugs, such as
salbutamol and theophylline, which was more pronounced at greater
density and greater im purity of the m ast cells.

Therefore, this may

possibly be due to the varying ratios of cAMP to cGMP that are governed
by the action of sensitizing factors in the environment. The effects of
DSCG were similar for all cell conditions in these experiments, thus
indicating that the effective concentrations of this agent were not
dramatically altered by these two different cell densities.

These studies showed the presence of several factors that are derived
either from m ast cells or other contaminants which appear to alter the
activity of the cell to immunologic and com pound 48/80 stimulation as
well as the spontaneous histamine release. These effects may be due to
various HRF as described in chapter 1, or perhaps to the action of
mem brane lipids or their metabolites that are m ost effective at close cell
proximity. A num ber of reports have considered the effects of
complement fragments, C3a and C5a (derived from monocytes and
macrophages) in terms of their ability to release histamine from mast
cells [425, 426]. A study by Kajita and Hugli [425] showed that mast cell
chymase could degrade C3a.

Since this protease is found associated

w ith the cell and not released in free form, this may thus be more
effective at greater cell density.

These studies also showed the propensity of RCF and (to a greater extent)
LCF to catabolise histamine.

This is probably due to the effect of

histaminases which are produced by a variety of cell types, although this
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histamine degradation was only observed w hen using supernatants from
large cell densities of over two million cells per ml. However, the reason
w hy this enzyme should be inactivated by protease inhibitors is by no
means clear.

The present experiments have shown that m ast cells and other cells may
produce

a variety

of factors

that

can

control

the

activity

of

histaminocytes. Unfortunately, because of the lack of time, these studies
could not be carried out to give a more resonant conclusion. Indeed,
identification, isolation and characterization of these factors w ould
represent an exceedingly daunting task. However, the significant results,
as well as other observations which need further testing, point to the
need to consider and closely define the param eters employed for in vitro
m ast cell studies.
heterogeneous

Furthermore, it is clear that the characteristic

responses

of mast cells

are

dependent

on

their

environment, which according to these studies cannot be disregarded.
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Fig 5.1
Histamine release from human
and lung mast cells induced by SCF.
(n =6-7)
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Fig 5.3
Histamine release from human skin
and lung mast cells induced by calcium
ionophore A23187.
(n=6-9)
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F i g 5.4
Histamine release from hum an skin
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Fig 5.5
The effec t s of anti-IgE and SCF on
histamine release from human skin mast
cells.
Corrected for a-IgE release (2.8±0.8%).
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of calcium
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F ig 5.8
The effects of A23187 and SCF
h ista m in e release from
hum an lung m ast
cells. C orrected for A 23187 release
(41.1 ± 7 .1 % ). (n = 6)
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Fig 5.11
Histamine
and purified human
by SCF. (n =6)
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F ig 5.13
The effects of substance
P and
SC F on h istam in e release fro m
purified
hum an
lung m ast cells. C orrected
for
s u b s t a n c e P r e le a s e (<1% ). (n = 6)
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F ig 5.14
The e ffe c ts of calcium
ionophore
A 23187 and SCF on histam ine release from
p u rified h u m an lung m ast cells. C orrected
f o r A 2 3 1 8 7 r e le a s e (35.8±5.4% ). (n = 6)
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F ig 5.15
The e f f e c t o f p u r i f i c a t i o n on
anti-rat IgE i n d u c e d h i s t a m i n e r e l e a s e f r o m
rat p e r i t o n e a l m ast c e l l s . (n=9)
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The effect of purification on the
action o f n ed ocrom il sod iu m on anti-IgE
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m ast cells.
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The e f f e c t s of LCF, RCF and cell
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It has been well established that mast cells from different locations are
heterogeneous. The present studies also showed that m ast cells from the
hum an lung, skin and the rat peritoneum were heterogeneous in their
responses to a num ber of secretagogues and anti-allergic compounds. In
addition, this work showed that the characteristics of a particular m ast cell
type can be variably altered in vitro by the processes of isolation and
purification and by cell density.

The consequences of these processes on m ast cell responsiveness, though
generally appreciated by m any researchers, have all too infrequently been
reported in the literature. As a result, some characteristics of mast cells,
isolated from different locations, may be drastically altered in vitro, given
the various isolation and handling techniques employed.

This became apparent w hen studying the release of cytokines from
hum an lung mast cells, which required lengthy procedures in order to
obtain large num bers of highly purified cells. The tentative amounts of
IL-4 and TNF-a m easured conflict w ith recent reports of the clear
localization of these factors in undispersed hum an lung tissue segments as
well as the 1000-times greater levels reported by Church and coworkers
[172, 399]. The results of the present study (shown in chapter 5) clearly
demonstrate the general loss of mast cell responsiveness following
purification.

Since this general loss of responsiveness following purification can be
partially reversed by the addition of RCF or LCF, it is therefore likely that
some form of mast cell prim ing is occurring. Priming of mast cells by
factors such as c-kit ligands (both high and low affinity), as well as those
produced by other cells found in close proximity to mast cells in vivo, may
govern the production and release of cytokines from these cells. Some of
these ligands for c-kit are routinely used for the purification of mast cells
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and their effects on the prim ing status of these cells m ay be one of the
underlying reasons w hy the mast cell cytokine release observed in the
present study differs so m arkedly from the other centre. Additionally,
self-priming of mast cells or degradation of the cytokines released from
them m ay also play a crucial regulatory role.

Until recently, the effects of cytokines were only regarded as playing a
role in the long term development of inflammatory cells or in their
recruitment. However, it is now clear that cytokines such as SCF, NGF, as
well as other factors (such as substance P), can influence m ast cell
m ediator release over short time periods, in addition to their gene
regulatory roles. The other factors may include complement factors, HRF,
and those produced by other granulocytes, such as major basic proteins
and PAF from eosinophils and neutrophils.

In vivo, all these factors

orchestrate inflammatory responses and their crucial effects m ay be
excluded w hen studying isolated cells and, in particular, purified
populations.

The results obtained in this thesis demonstrate the need carefully to
consider the experimental param eters employed in order to obtain
meaingful results. This is essential w hen extrapolating the m ultitude of
cytokine networks as well as the heterogeneous characteristics of m ast
cells that have been dem onstrated in vitro to their role in in vivo
inflammatory events.

The unscrambling of the cytokine networks and their effects on m ast cells
is the key to understanding the behaviour of these cells in health and
disease. It will be fascinating to see w hether the interplay of these factors
dem onstrated in vitro can ever be separated from the functional whole.
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A ppendix J

H istam ine Secretagogues

Arg- Pro- LyS' Pro- Gin- Gin- Phe- Phe- Gly- Leu- Met- NH 2

Substance P

NHCH;
C0 2 H
n ^ C O Ç H
CHi
Calcium ionophore A23187

0N H

Compound 48/80
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A nti-A llergic Com pounds

Cromoglycate-like Drugs

CH2CHOHŒ2O

O

O'

NaO
Disodium cromoglycate

N

NaO
C3 H 7

X02Na

C 2 H5

Nedocromil sodium

Agonists

CH3
HO

CH(OH)—CH 2 -N H —O i
CH 3

HO
Isoprenaline
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ÇH3

H(0H)-CH2-NH—Ç—CH3

HO

CH3

H2COH
Salbutamol

CHj

N H — C H g — I C H j J j — C H g — O — C H g — (C H g jg —

H jC O H

•Salmeterol

Phosphodiesterase inhibitor

H,C
N

Theophylline

N SA ID

NH

In d o m e th a cin

241

CH

A ppendix 2

Appendix Two

Abbreviations
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A ppendix 2

a-[^^P]dCTP

a-Deoxycytosine triphosphate (isotopically labelled)

AIDS

Acquired immune deficiency syndrom e

ADP

Adenosine -5 "-diphosphate

Ag

Antigen

A-IgE

Anti-IgE

Ala

Alanine

AMP

Adenosine -5 "-monophosphate

A-MulV

Abelson m urine leukaemia virus

APC

Antigen presenting cell

Arg

Arginine

ATP

Adenosine -5 "-triphosphate

BAL

Bronchoalveolar lavage

BSA

Bovine serum albumin

C3a, C5a

Complement fragments

CaM

Calmodulin

cAMP

Cyclic adenosine-3 ",5"-triphosphate

CD23

Low affinity IgE receptor (EceRII)

CD34

Colony forming m ononuclear cells

CD117

c-kit Receptor

cDNA

Complementary deoxyribonucleic acid

cGMP

Cyclic guanosine-3 ",5"-triphosphate

CMP

Ca^C]V[g2+_free Tyrode's buffer

CR

Control release

CTMC

Connective tissue mast cell

DAG

Diacyl glycerol

DEPC

Diethylpyrocarbonate

DEP

Diisopropyl fluorophosphate

dHzO

Distilled water

ddH p

Double distilled water

DMSO

Dimethyl sulphoxide

243

A ppendix 2

DMA

Deoxyribonucleic acid

DSCG

Disodium cromoglycate

EDTA

Ethylylenediaminetetraacetic acid

EGF

Epidermal growth factor

ELAM

Extracellular leukocyte adhesion molecule

ELISA

Enzyme linked imm unosorbent assay

ER

Endoplasmic reticulum

Eab'

Papain digested antigen binding (ab') fragm ent (F)

Fee

Papain digested m em brane binding (c) fragm ent (F), c=
crystallizable

FceR I/ FceRII

High and low affinity receptor for IgE

FHB

Full Hepes buffer

G o/I/Q /E

G-protein subtypes

GAG

Glycosaminoglycan

GDP

Guanosine-5 '-diphosphate

GM-CSF

Granulocyte-macrophage colony stimulating factor

GMP

Guanosine-5 '-m onophosphate

G-protein

Guanine nucleotide binding protein

GXP

Guanosine-5 '-triphosphate

GTPase

Guanosine triphosphatase

H i /2 /3

Histamine receptors type 1, 2, or 3

HEPES

N-2-HydroxyethyIpiperazine-N '-2-ethanesulphonic acid

His

Histidine

5-HPETE

5-Hydroperoxyeicosatetraenoic acid

HRF

Histamine releasing factors

5-HT

5-Hydroxytryptamine

IF N -a/ P / 7

Interferon a / P or 7

IgE / IgG / IgM

Im munoglobulin E, G, or M
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IL-

Interleukin-

Ile

Isoleucine

IP,

Inositol-1,4 ,5-trisphosphate

IP.

Inositol-1, 3 ,4 ,5-tetrakisphosphate

LCF

Lung cell factors

L3

Third larval stage

LT

Leukotriene

MAb

Monoclonal antibody

MAG

Monoacylglycerol

MARCKS

Myristoylated alanine rich C kinase substrate

MCDF

Mast cell depleted fraction

MCF

Mast cell factors

MCx

Mast cell containing tryptase

MCjc

Mast cell containing both tryptase and chymase

2-ME

2-Mercaptoethanol

MMC

Mucosal mast cell

MOPS

3-(N-Morpholino) propanesulphonic acid

mRNA

Messenger ribonucleic acid

N-

Nippostrongylus

NGF

Nerve growth factor

NFPB

5-Nitro-2-(3-phenylamino)benzoic acid

NSAIDS

Non steroidal anti-inflammatory drugs

NSB

Non specific binding

OPT

o-Phthaldialdehyde

PAF

Platelet activating factor

PCD

Program med cell death

PC-PLD

Phosphatidylcholine- phopholipase D pathw ay

PG

Prostaglandin, prostanoid

245

A ppendix 2

PH

Phytopharm

Phe

Phenylalanine

PIP

Phosphatidylinositol-4-monophosphate

PIP 2

Phosphatidylinositol-4-diphosphate

PKC

Protein kinase C

PL

Phospholipase

PMA

Phorbol-12-myristoylate-13-acetate

Pro

Proline

PVC

Polyvinyl chloride

RBL

Rat basophilic leukaemia

RCF

Rat cell factors

RIA

Radioimmunoassay

RMCP

Rat m ast cell protease

rRNA

Ribosomal ribonucleic acid

RNase

RNA degrading enzyme

SBTI

Soybean tryptase inhibitor

SCF

Stem cell factor

SDS

Sodium dodecyl sulphate

Sl/Sl^

WCB6F1-S1/S1^ mice, w ith m utations at the steel (SI) locus

SRS-A

Slow reacting substance of anaphylaxis

SSC

Salt saturated citrate

Tc

Total counts

TGF-p

Transforming growth factor beta

Th

Helper T-cells

TK

Tyrosine kinase

TNF-a

Tumour necrosis factor alpha

TP A

Tetradecanoyl phorbol acetate

TRIS

Tris (hydroxyethyl) amino m ethane

TXA2

Thromboxane
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Tyr

Tyrosine

UV

Ultra violet

W /W '

WBBCFl-W/W'" mice, w ith m utation at the white spotted
locus

VCAM

Vascular cell adhesion molecule

YB-5B8

Mab for the second dom ain of the c-kit receptor
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