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Summary

Background Recently, the potential role of mast cells in allergic reactions has been
extended by the discovery that these cells synthesize, store and secrete multifunctional
cytokines. Seasonal allergic conjunctivitis is characterized as an immediate hypersensitivity
reaction, in which allergen binds to specific IgE on mast cells. leading to release of pre-
formed and newly synthesized inflammatory mediators.

Objective In this study we aimed to localize the cytokines IL-4, IL-5, IL-6, IL-8 and TNFa«
to conjunctival mast cells and to examine the relationship between mast cell-associated
cytokines and allergic conjunctivitis.

Methods Tmmunohistochemistry was performed on serial sections of conjunctival biopsies
from patients with seasonal allergic conjunctivitis, in and out of the hay fever season, as
well as from non-allergic volunteers.

Results 1L-4, IL-5, IL-6 and TNFa were localized to mast cells in normal and allergic
conjunctiva. IL-8 was localized to mast cells in two patients with seasonal allergic
conjunctivitis, one during and the other outside the pollen season. Using the monoclonal
antibody 3H4, which identifies the secreted form of IL-4, biopsies from patients with active
seasonal allergic conjunctivitis contained a significantly higher proportion of mast cells
positive for IL-4, than those from out-of-season patients (P =<0.016). There was no
difference between the two groups in the number of mast cells immunostained by the
antibody 4D9 which identifies the stored form of IL-4.

Conclusions These results suggest that conjunctival mast cells can store a range of
multifunctional cytokines and release IL-4 during active disease, which may give them
an important role in upregulating allergic inflammation in the conjunctiva.
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Introduction

There is considerable evidence that the mast cell is central to
the pathogenesis of seasonal allergic conjunctivitis (SAC).
This disease is accompanied by mast cell hyperplasia, by
migration of mast cells into conjunctival epithelium [1], and
by an increase in tear levels of the mast cell neutral protease
tryptase [2]. Challenge of sensitized individuals with pollen
extract reproduces the features of ocular allergy, and these
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are associated with increased tear levels of the inflammatory
mediators histamine, prostaglandin D, and leukotrienes C,
and D, [3.4]. all of which are synthesized and secreted by
mast cells. Topical application of levocabastine, a highly
specific H; anti-histamine, moderates symptoms in SAC [5]
as well as after allergen challenge [6].

In addition to immediate changes which can be explained
by the IgE-dependent release of mast cell products, a late-
phase reaction may occur several hours after challenge with
high doses of allergen. In this reaction persisting symptoms
are associated with an increase in eosinophils and neutro-
phils in conjunctival scrapings and tears [7.8] and are not
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prevented by pre-treatment with levocabastine [9]. Simi-
larly, in SAC eosinophils are found in conjunctival scrap-
ings from some, but not all, symptomatic patients [10,11].

Following initial observations in rodents [12], mast cells
from human skin or nasal mucosa have now been shown to
store and secrete a range of multifunctional cytokines,
including interleukin-4 (IL-4), IL-5, IL-6, [13,14], IL-8
[15], and tumour necrosis factor-a (TNFa) [16]. The
individual properties of these cytokines suggest that the
mast cell has the capacity, in addition to its accepted role as
an effector cell, to upregulate the local allergic response and
to organize the participation of other inflammatory cells.

IL-4 controls the isotype switch of B cells to IgE
production [17] enhances mast cell arachidonate release
following IgE-dependent activation [18] and causes naive
CD4™T cells to acquire the TH, phenotype [19] with
upregulation of the IL-4 gene cluster of cytokines encoded
on chromosome 5 [20]. IL-4 is also required for the
upregulation of vascular cell adhesion molecule-
1 (VCAM-1), a member of the immunoglobulin superfamily
of adhesion molecules, involved in selective recruitment of
eosinophils from the microvasculature [21]. Over-expres-
sion of IL-4 in transgenic mice leads to a marked increase in
serum IgE and a severe inflammatory blepharitis which has
a marked mast cell and eosinophil infiltration [22].

IL-5 is a powerful and selective stimulator of eosinophil
differentiation, priming and chemotaxis [23]. IL-6 induces
the differentiation of B cells into immunoglobulin-secreting
plasma cells [24] potentiates IL-4-dependent IgE synthesis
by B cells [25] and stimulates the proliferation of peripheral
T cells [26]. IL-8 was originally identified as a potent
chemoattractant and activator of neutrophils [27] but is
now also recognized as a potent chemoattractant for cyto-
Kine-primed eosinophils [28]. TNFa« induces VCAM-1 and
intercellular adhesion molecule-1 (ICAM-1) [29], which are
important in the selective recruitment of eosinophils, and
also through the induction of the adhesion molecule E-
selectin [16] contributes to the recruitment of neutrophils in
IgE-dependent cutaneous late phase reactions [30].

Stimulation of mast cells via the IgE receptor has been
shown to promote the synthesis of IL-4 [12], IL-5 [31], IL-8
[15], and TNF« [32]. Cross-linkage of FceRI in human
lung mast cells induced IL-4 production, maximal at 2 h,
and led to an increase in IL-5 and TNFa mRNA signals
within 2 h, but had no effect on IL-6 and IL-8 mRNA
expression [31]. There was also constitutive expression of
mRNA for IL-5, IL-6, IL-8 and TNFa.

Because of the potential importance of cytokines in
mediating inflammation in allergic disease, in the present
study we have investigated the localization of specific
cytokines to conjunctival mast cells, and have examined
the relationship between mast cell cytokine stores and
disease activity in allergic conjunctivitis.

Table 1. Individual mast cell counts/mm®, by group (SAC,
seasonal allergic conjunctivitis in season; OOS, out of season).
P-values: normal vs SAC=0.34, normal vs 00S=0.08, SAC vs
005=0.92

Normals SAC 008
6.0 16.5 10.9
8.5 I7.3 17.6

11.6 232 18.4
15.2 232 21.9
15.2 247 26.9
16.4 273 3.7
22.2 339 35.1
28.7 525 46.4
30.7

Median 15.2 239 244

Materials and methods

The study was approved by the Joint Ethical Committee of
the University of Southampton and South-west Hampshire
Health Authority, and all subjects gave their written
informed consent.

Subjects

Conjunctival biopsies were taken from (a) nine normal
subjects, immediately prior to cataract surgery (two male,
seven female, mean age 67.5 years), (b) eight subjects
during the pollen season with active symptoms of SAC
(five male, three female, mean age of 50.1 years) and (c)
eight subjects outside the pollen season with a history of
SAC (six male, two female, mean age 40 years).

All subjects were assessed using a slit lamp biomicro-
scope, and scored for features of allergic conjunctivitis
using the system of Abelson [33]. SAC was diagnosed on
the basis of a positive skin-prick test to mixed grass pollen
extract (Soluprick 299, ALK Laboratories, Denmark) and
either typical clinical features of SAC (group b) or a typical
history of previous seasonal allergic conjunctivitis (group
¢). Patients were asked to discontinue all topical treatments
(anti-histamines. vasoconstrictors or sodium cromoglycate)
and systemic medications (antihistamines) 2 weeks before
biopsy. Those with other inflammatory eye disease, pre-
vious ocular surgery or trauma, were excluded, as were
those with perennial allergic symptoms.

Conjunctival biopsy and processing

Following instillation of topical oxybuprocaine (Chauvin
Pharmaceuticals, Romford, UK) a snip biopsy was taken
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Table 2. The percentage of mast cells which contained each cytokine by co-localization, per patient

IL-4 IL-4
(3H4) (4D9)
Normals Median 14 25
Range 0-75 0-54
In season Median 38 15
Range 23-86 0-90
Out of season Median 16 21
Range 0-77 0-100

IL-5 IL-6 IL-8 TNFa
0 0 0 0
0-4 0-6 0-0 0-13
0 0 0 4
0-12 0-25 0-10 0-14
0 0 0 0
0-10 0-13 0-8 0-33

from the superior bulbar conjunctiva, placed immediately in
chilled acetone with the protease inhibitors 2mm phenyl-
methylsulphonyl fluoride and 20mm iodoacetamide, and
stored overnight at —20°C. The specimens were then
processed into the water soluble resin glycolmethacrylate,
using the method of Britten et al. [34]. Serial sections of 2
pm thickness were cut with an ultramicrotome and stained
using monoclonal antibodies 3H4 and 4D9 to IL-4 (Dr C.
Heusser, Ciba-Geigy, Basel, Switzerland) [13], MoAb7 to
IL-5 and 104B11 to IL-6 (Dr P. Hissey, Glaxo, Greenford
UK) [14], 4G9/A5/AT7 to IL-8 (Dr 1. Lindley, Sandoz For-
schungsinstitute, Vienna, Austria) [14], 52B83 to TNF«
(Celltech, Slough,UK) [35], AAI to mast cell tryptase (Dr
A. Walls, Clinical Pharmacology, University of Southamp-
ton, UK), EG2 to eosinophil cationic protein (Pharmacia
Biosystems Ltd, Milton Keynes, UK), and NP57 to neutro-
phil elastase (Dako Ltd, High Wycombe, UK). Biotinylated
rabbit antimouse second stage antibodies (Dako Ltd, High
Wycombe, UK) were applied, and immunoreactivity was
demonstrated using the streptavidin-biotin peroxidase com-
plex detection method with aminoethylcarbazole as the
chromogen, and counterstaining with Mayers haematoxylin.
At the same time, two control slides were processed in each
case: (a) omitting the primary antibody and (b) using an
unrelated monoclonal antibody of the same isotype (M9269,
Sigma, Poole UK).

Cell counting and co-localization

Cells were counted using a 1 mm x | mm graticule, at a total
magnification of x 400. The total area of each biopsy was
calculated using semi-automated image analysis on an
Apple Macintosh computer with Colourvision 1.7.4a soft-
ware (Improvision“1992 and Symantec® 1988-91), and

cells counts expressed as numbers/mm”. Adjacent sections
were examined using the camera lucida system (Leica UK
Ltd, Milton Keynes, UK) to localize cytokines to mast cells
(i.e. cells staining for tryptase), as well as IL-5 to eosino-
phils and IL-8 to neutrophils. Only cells with a nucleus were
included. Cell counting and co-localization was performed
without knowledge of the clinical status of the subject.

Statistical analysis

Cell counts were expressed as medians with ranges, and data
from the three groups were compared using the Mann—Whit-
ney U-test. A P-value of <0.05 was considered significant.

Results

The mean symptom score for in-season patients was
6.75 (range 5-8) which was significantly different from that
of the normal and out-of-season groups (P <0.0001): one
subject in each of these had a symptom of itch (score=2)
without any other clinical features, while the remainder had a
symptom score of zero. All patients with active SAC were
biopsied between 1 June and 13 July 1994, during which
period the mean local pollen count was 1 16.7/m’.

Cell counts and co-localization

Mast cell counts are shown in Table 1. Occasional neutro-
phils were present in the conjunctiva of some subjects from
each group. Eosinophils were found in a minority of patients
from the normal and in season groups, but not in the out of
season group.

To assess the sensitivity of the co-localization technique,
serial sections from one biopsy were stained using the

Fig. 1. Three sequential 2 um sections of conjunctiva stained with: (a) MoAb 4D9 to IL-4; (b) MoAb AA1 to mast cell tryptase: (¢) 3H4 also
to IL-4, showing the peripheral ring pattern of mast cell staining; and two sequential 2 um sections of conjunctiva stained with (d) MoAb
AA1 to mast cell tryptase and (e) MoAb7 to IL-5. Stained cells are arrowed, magnification is x400.
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Table 3. The percentage of cytokine-containing cells which were mast cells by co-localization, per patient

IL-4 IL-4
(3H4) (4D9)
Normal Median 38 50
Range 0=77 10-75
In season Median 60 58
Range 40-82 25-100
Out of season Median 28 34
Range 0-81 0-71

IL-5 IL-6 IL-8 TNFa
0 38 0 42
0-19 9-67 0-0 0-100
16 23 19 23
0-32 0-100 =1} 0-80
22 0 33 7
(n=1) 0-38 (n=1) 0-47

antibody to tryptase. Of the nucleated mast cells identified
in one section, 43% were also identified in the next section.
No cells were stained in any of the control slides.

The co-localization of cytokines to mast cells is shown in
Table 2, and the proportion of cytokine-positive cells which
were mast cells is shown in Table 3. The antibody 4D9
localized 1L-4 to mast cells in 20 (80%) of the 25 subjects,
but there was no significant difference between the groups.
By contrast, the antibody 3H4 to IL-4 was localized to mast
cells in 19 (76%) subjects, and to a significantly higher
proportion of mast cells in SAC than in the out-of-season
group (P =<0.02). The antibody 3H4 identified mast cells
with a characteristic peripheral ring stain, whereas the
antibody 4D9 stained the cytoplasm of these cells
(Fig. la—c). IL-5 was localized to mast cells in three
patients (12%) (Fig. 1d—e). one patient coming from each
clinical group, but not to eosinophils in any patient. One
patient from the in-season group had a markedly raised
eosinophil count (n = 68.6/mm?), and this patient also had
the highest mast cell count, the highest neutrophil count,
and the highest percentage of interleukin-5 containing
mast cells (12% by co-localization). IL-6 was localized
to a minority of mast cells in six (24%) patients, distributed
over the three groups. while 1L-8 was localized to mast
cells in two (8%) patients only, one in season and one out
of season, and in one of these patients (in season) was
localized to neutrophils. There was widespread staining of
conjunctival epithelium with this cytokine in all groups.
TNFa was localized to mast cells in nine (36%) patients,
who came from each of the three groups. When the groups
were compared with respect to the proportion of mast cells
in each staining for the cytokines IL-5, IL-6, IL-8 and
TNFe, no significant differences were found. No staining
was seen in any of the negative control slides.

Discussion

In this study we have demonstrated that human conjunctival
mast cells store the cytokines 1L-4, IL-5, IL-6, IL-8 and

TNFa. In addition, patients with active seasonal allergic
conjunctivitis showed a mast cell hyperplasia in which a
significantly higher proportion of conjunctival mast cells
contained IL-4, as detected with the 3H4 antibody, com-
pared with out-of-season subjects. It is recognized that TH,
lymphocytes are another potential source of IL-4 and I1-5 in
allergic reactions [20], not addressed by this study. How-
ever, in allergic rhinitis, immunohistochemistry failed to
detect IL-4, IL-5. IL-6 or IL-8 in T cells, possibly due to
rapid secretion of cytokines from these cells [14].

SAC is a well defined allergic disease in which direct
visualization of the conjunctiva permits an accurate clinical
correlate with the cellular processes. While the size and
delicacy of this tissue means that only single small biopsies
can be taken from individual subjects, the technique of
immunohistochemistry on multiple thin sections enables the
investigator to examine a range of stored cytokines and cell
types in a single specimen. To ensure a high degree of
specificity in assigning both cytokines and cell-type to the
same individual cells, we included only stained nucleated
cells when assessing serial sections. This is likely to under-
estimate the true proportion of cells stained in the sections,
which we attempted to quantify by staining serial sections
with the same antibody. AA1 (to tryptase). Our finding that
43% of tryptase + ve cells were identified in an adjacent
section indicates the sensitivity of the technique. and
implies that in SAC the great majority of mast cells contain
I1L.-4, and that nearly all IL-4-containing cells are mast cells.

As in our previous study [ 1] we have demonstrated a mast
cell hyperplasia in SAC compared with the non-allergic
state. Mast cell numbers in out-of-season subjects were also
elevated compared with normals, although this did not reach
statistical significance (Table 1), which suggests that in SAC
mast cell numbers increase and do not return to normal even
out of season. An alternative and less likely possibility is
that atopy is associated with an increase in conjunctival
mast cell numbers which is independent of ocular allergy.
The control of mast cell numbers, as well as of mast cell
migration into the epithelium, is clearly of great importance
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in the pathogenesis of allergic conjunctivitis. Recent work
has suggested a major role for stem cell factor (c-kir ligand).
which promotes mast cell proliferation, maturation, migra-
tion and mediator release [36], although the source of stem
cell factor in the conjunctiva remains to be established.

The contribution of neutrophils and eosinophils to the
symptomatology of seasonal allergic conjunctivitis has not
been determined. Our results suggest that significant symp-
toms can occur without the participation of these cells,
which were infrequent even in the presence of increased
expression of 1L-4 in mast cells. A likely explanation is that
our patients had relatively mild SAC (with a mean symptom
score of 6.75 out of a possible maximum of 11), in which
allergic inflammation can be attributed to mast cell degra-
nulation alone [37], whereas at higher pollen levels than
those experienced by our patients, enhanced cytokine
release leads to the influx of neutrophils and eosinophils
[8] and further exacerbation of the clinical features.
Eosinophils are of major importance in vernal keratocon-
junctivitis [38], a more serious form of allergic eye disease,
and the present study indicates that conjunctival mast cells
may be a source of cytokines (IL-4, IL-5, IL-8, TNF«)
involved in eosinophil recruitment.

Our finding that in SAC, compared with the out-of-season
state, a significantly greater proportion of mast cells con-
tained 1L-4 as detected with the 3H4 antibody (whereas the
proportion detected with 4D9 antibody was unchanged) is
paralleled in allergic rhinitis and may reflect a conformational
change in IL-4 occurring during the switch from cytoplasmic
storage (4D9-staining) to active secretion, revealed by the
characteristic peripheral ring stain (3H4-staining — Fig. 1)
[14]. Recently. Fujishima et al. have described elevated 11.-4
levels in tears from patients with SAC and vernal keratocon-
junctivitis [39]. Since mast cells appear to be an important
source of IL-4 in SAC, this gives them a much greater role in
this disease than previously considered, in which IgE-depen-
dent activation causes further mast cell-driven upregulation
of the allergic response, and may include the induction of
local IgE synthesis by B lymphocytes without the participa-
tion of T cells [40].

IL-5 and IL-6 were localized to a small minority of mast
cells in a few patients, in contrast to the much higher values
found in normal and allergic nasal mucosa [14], which may
reflect functional differences between these mucosal sites.
In allergic rhinitis, the much higher proportion of IL-5-
containing mast cells was associated with a marked eosino-
phil infiltration.

This study found that conjunctival mast cells can store
immunoreactive 1L-8, which was detectable in a small
minority of mast cells in two subjects. By contrast, there
was widespread staining of conjunctival epithelium in all
groups for this cytokine, as previously described in both
nasal and bronchial mucosa [14,28]. It has been suggested

that the biological activity of IL-8 and other pro-inflammatory
cytokines depends not only on their concentration in
tissues, but also their binding to matrix molecules such as
glycosaminoglycans [28].

In our study TNFa was localized to conjunctival mast
cells in normal and allergic subjects, with no significant
difference between the groups with respect to the propor-
tions of mast cells stained. A major function of this cytokine
is the recruitment of neutrophils and eosinophils, but these
cells were present in low numbers in our biopsies and not
increased in SAC.

We have shown that conjunctival mast cells, in common
with those at other sites involved in allergic reactions, store
several multifunctional cytokines. This suggests a wide-
ranging role for mast cells in regulating the normal con-
junctival microenvironment. In allergic subjects it provides
amechanism by which activation of these cells may lead not
only to the immediate symptoms of SAC but also. through
the IgE-dependent release of stored cytokines, to a rapid
upregulation of conjunctival inflammation in all forms of
ocular allergy.

Acknowledgements

This work was funded by the Medical Research Council,
UK. Grant No. G19R661.

The authors thank Dr C. Heusser, Dr P. Hissey, Dr 1.
Linley and Dr A. Walls for monoclonal antibodies.

References

I Morgan SJ, Williams JH, Walls AF et al. Mast cell numbers
and staining characteristics in the normal and allergic human
conjunctiva. J Allergy Clin Immunol 1991; 87:111-6.

2 Butrus SI. Ochsner KI, Abelson MB, Schwartz LB. The level
of tryptase in human tears. Ophthalmology 1990: 97:1678—-83.

3 Proud D, Sweet J, Stein P et al. Inflammatory mediator release
on conjunctival provocation of allergic subjects with allergen. J
Allergy Clin Immunol 1990; 85:896-905.

4 Aichane A, Campbell AM, Chanal 1 et al. Precision of
conjunctival provocation tests in right and left eyes. J Allergy
Clin Immunol 1993; 92:49-52.

5 Azevedo M, Castel-Branco MG, Ferraz Oliveira JF et al.
Double-blind comparison of levocabastine eye drops with
sodium cromoglycate and placebo in the treatment of seasonal
allergic conjunctivitis. Clin Exp Allergy 1991: 21:689-94.

6 Abelson MB, George MA, Schaefer K, Smith LM. Evaluation
of the new opthalmic antihistamine, 0.05% levocabastine, in
the clinical allergen challenge model of allergic conjunctivitis.
J Allergy Clin Immunol 1994; 94:458-64.

7 Bonini S, Bonini St, Vecchione A et al. Inflammatory changes
in conjunctival scrapings after allergen provocation in humans.
J Allergy Clin Immunol 1988; 82:462-9.

8 Bonini St, Bonini S, Bucci MG et al. Allergen dose response

© 1997 Blackwell Science Lid, Clinical and Experimental Allergv, 27, 13281334




1334

J. D. A. MacLeod et al.

24

and late symptoms in a human model of ocular allergy. J
Allergy Clin Immunol 1990; 86:869-76.

Zuber P, Pecoud A. Effect of levocabastine, a new HI antago-
nist, in a conjunctival provocation test with allergens. J Allergy
Clin Immunol 1988; 82:590-4.

Abelson MB, Madiwale N, Weston JH. Conjunctival eosino-
phils in allergic ocular disease. Arch Ophthalmol 1983;
101:555-6.

Tsubota K, Takamura E, Hasegawa T, Kobayashi T. Detection
by brush cytology of mast cells and eosinophils in allergic and
vernal conjunctivitis. Cornea 1991; 10:525-31.

Plaut M, Pierce JH, Watson CJ et al. Mast cell lines produce
lymphokines in response to cross-linkage of FceRl or to
calcium ionophores. Nature 1989: 339:64-7.

Bradding P, Feather IH, Howarth PH et al. Interleukin 4 is
localised to and released by human mast cells. J Exp Med 1992
176:1381-6.

Bradding P, Feather IH, Wilson S et al. Immunolocalisation of
cytokines in the nasal mucosa of normal and perennial rhinitic
subjects. J Immunol 1993; 151:3853-5.

Moller A, Lippert U, Lessmann D et al. Human mast cells
produce IL-8. J Immunol 1993; 151:3261-6.

Walsh LI, Trinchieri G, Waldorf HA, Whitaker D, Murphy GF.
Human dermal mast cells contain and release tumor necrosis
factor e, which induces endothelial leukocyte adhesion mole-
cule 1. Proc Natl Acad Sci USA 1991: 88:4220-4.
Finkelman FD, Katona IM, Urban JF et al. IL-4 is required to
generate and sustain in vivo IgE responses. ] Immunol 1988;
141:2335-41.

Holliday MR, Banks EMS, Dearman RJ, Coleman JW. Inter-
actions of IFN-y with IL-3 and IL-4 in the regulation of
serotonin and arachidonate release from mouse peritoneal
mast cells. Immunology 1994: 8§2:70-4.

Swain SL, Weinberg AD, English M, Huston G. IL-4 directs
the development of Th2-like helper effectors. ] Immunol 1990;
145:3796-806.

Kay AB, Sun Ying, Varney V et al. Messenger RNA expres-
sion of the cytokine gene cluster, interleukin 3 (IL-3), IL-4, IL-
5, and granulocyte/macrophage colony-stimulating factor, in
allergen-induced late-phase cutaneous reactions in atopic
subjects. J Exp Med 1991; 173:775-8.

Schleimer RP, Sterbinsky SA, Kaiser I et al. IL-4 induces
adherence of human eosinophils and basophils but not neutro-
phils to endothelium. J Immunol 1992; 148:1086-92.

Tepper RI. Levinson DA, Stanger BZ, Campos-Torres J, Abbas
AK, Leder P. IL-4 induces allergic-like inflammatory disease
and alters T cell development in transgenic mice. Cell 1990;
62:457-67.

Koike M, Takatsu K. IL-5 and its receptor: which role do they
play in the immune response? Int Arch Allergy Immunol 1994,
104:1-9.

Hirano T, Yasukawa K, Haranda H et al. Complementary DNA

26

27

(5]
(U]

34

38

39

40

for a novel human interleukin (BSF-2) that induces B lympho-
cytes to produce immunoglobulin. Nature 1986; 324:73-6.
Vercelli D, Jabara HH, Arai K-I, Yokota T. Geha RS. Endo-
genous interleukin 6 plays an obligatory role in interleukin 4-
dependent human IgE synthesis. Eur J Immunol 1989;
19:1419-24.

Tosato G, Pike SE. Interferon-32/interleukin 6 is a co-stimu-
lant for human T lymphocytes. ] Immunol 1988; 141:1556-62.
Baggiolini M, Walz A, Kunkel SL. Neutrophil-activating
peptide-1/interleukin 8, a novel cytokine that activates
neutrophils. J Clin Invest 1989: 84:1045-9.

Shute J. Interleukin-8 is a potent eosinophil chemo-attractant.
Clin Exp Allergy 1994; 24:203-6.

Bevilacqua MP. Endothelial-leukocyte adhesion molecules.
Annu Rev Immunol 1993; 11:767-804.

Wershil BK, Wang Z-S, Gordon JR, Galli SJ. Recruitment of
neutrophils during IgE-dependent cutaneous late phase reac-
tions in the mouse in mast cell-dependent. J Clin Invest 1991;
87:446-53.

Okayama Y, Semper A, Holgate ST, Church MK. Multiple
cytokine mRNA expression in human mast cells stimulated via
FceR1. Int Arch Allergy Immunol 1995; 107:158-9.

Gordon JR, Galli SJ. Release of both performed and newly
synthesized tumor necrosis factor o TNA-a)/cachectin by
mouse mast cells stimulated via the FceR1. A mechanism for
the sustained action of mast cell-derived TNF-a during IgE-
dependent biological responses. J Exp Med 1991; 174:103-7.
Abelson MB, Chambers WA, Smith LM. Conjunctival allergen
challenge. Arch Ophthalmol 1990; 108:84-8.

Britten KM, Howarth PH, Roche WR. Immunohistochemistry
on resin sections: a comparison of resin embedding techniques
for small mucosal biopsies. Biotech Histochem 1993 68:271—
80.

Bradding P, Mediwake R, Feather IH et al. TNFe is localized
to nasal mucosal cells and is released in acute allergic rhinitis.
Clin Exp Allergy 1995; 25:406-15.

Galli SJ, Tsai M, Wershil BK. The c-kit receptor, stem cell
factor, and mast cells. Am J Pathol 1993; 142:965-74.
Anderson DF, MacLeod IDA, Baddeley SM et al. Sympto-
matic allergic conjunctivitis is accompanied by changes in
mast cell number in the absence of leukocyte infiltration. Clin
Exp Allergy in press.

Bonini S, Tomassini M, Bonini St, Capron M, Balsano F. The
eosinophil has a pivotal role in allergic inflammation of the
eye. Int Arch Allergy Immunol 1992; 99:354-8.

Fujishima H, Takeuchi T, Shinozaki N, Saito I, Tsubota K.
Measurement of IL-4 in patients with seasonal allergic con-
junctivitis and vernal Keratoconjunctivitis. Clin Exp Immunol
1995; 102:395-8.

Gauchat JF, Henchoz S, Mazzei G et al. Induction of human
IgE synthesis in B cells by mast cells and basophils. Nature
1993; 365:340-3.

© 1997 Blackwell Science Ltd, Clinical and Experimental Allergy, 27, 1328-1334



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.





