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In both seasonal and perennial rhinitis there is epithelial mast cell
accumulation and tissue infiltration by eosinophils. Activation of these cells
can be observed by electron microscopy and by elevated levels of tryptase
and eosinophil cationic protein in nasal lavage fluid. Furthermore, seasonal
increases in the antigen presenting cell (Langerhans' cell) are also evident.
Investigations into the mechanisms involved in cell accumulation and
activation reveals upregulation of leucocyte endothelial adhesion molecules
and an increase in interleukin-4 (IL-4) in naturally occurring rhinitis,
while mRNA for IL-4, IL-5 and granulocyte macrophage colony stimulating
factor activity and lavage tumour necrosis factor-alpha (TNFa) levels are
increased following local allergen challenge. These cytokines may be derived
from a variety of sources, including mast cells, eosinophils and T-
lymphocytes, and contribute to the underlying inflammatory process in
rhinitis.
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Introduction

Allergic rhinitis is associated with mucosal inflam-
mation. This is characterised by the presence of
basophilic cells and eosinophils in nasal smears, an
epithelial accumulation of mast cells and eosino-
phils, tissue eosinophilia, an increase in mucosal
Langerhans' cells, T-lymphocyte accumulation and
activation, and upregulation of the vascular endo-
thelial expression of leucocyte adhesion molecules.
The inflammatory cell changes are evident in rela-
tionship to clinical disease expression, and the symp-
toms of rhinitis - nasal pruritus, sneezing, rhinor-
rhoea, nasal obstruction and loss of sense of smell
- can be explained on the basis of mediator release
from mast cells, basophils and eosinophils (Fig. 1).

Mast cells

Immunohistochemical staining of nasal biopsies w îth
monoclonal antibodies directed against mast cell
tryptase shows an increase in mast cells within the
airway epithelium in both seasonal and perennial
rhinitis compared with biopsy findings in non-atopic
non-rhinitic subjects (3-5). One study using less
specific immunohistochemical staining has reported,
in addition, an increase in submucosal mast cells in
seasonal rhinitis (33), but this could not be substan-
tiated in either the tryptase immunohistochemical
studies or in a detailed transmission electron micro-
scopic analysis (13).

The epithelial mast cells are in an activated state

in symptomatic rhinitis, with both ultrastructural
evidence of degranulation on electron microscopy
(13) and elevated levels of the mast cell mediators
histamine and tryptase evident in nasal lavage fluid
(34). The released mediators are considered to give
rise to the classic nasal symptoms of rhinitis (itch,
sneeze, discharge and blockage) through interactions
with receptors present on both neural and vascular
elements within the nasal mucosa (Fig. 1). Hista-
mine is prominent in this respect. Nasal challenge
with histamine induces nasal pruritus, sneezing, dis-
charge and transient nasal blockage (27) and H^-
antihistamines alleviate all of these symptoms with
the exception of nasal blockage (21). Nasal blockage
can also be induced by lipid mediators, such as leuk-
otrienes, prostaglandins and platelet activating fac-
tor (18), which may explain the lack of effect of
Hi-antihistamines. Leukotrienes appear to be rela-
tively more important than histamine, as the
5-lipoxygenase inhibitors have been shown to inhibit
acute allergen-induced nasal obstruction (20,23)
and a leukotriene D4 (LTD4) receptor antagonist
has been reported to prevent acute ^lergen-induced
nasal obstruction in naturally occurring ragweed
rhinitis (10).

In addition to the effects of acute mast cell de-
granulation on immediate symptom generation, this
cell may also contribute to the eosinophilic mucosal
inflammation which is evident in rhinitis. Mast cells
within the nose have been demonstrated to contain
preformed cytokines, in particular interleukin-4 (IL-
4), IL-5, IL-6 and tumour necrosis factor-alpha
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Fig. 1. Mediators and nasal symptom generation.

(TNFa) (4, 6). The immunoreactivity for IL-4 exists
in two patterns with different antibodies recognising
separate epitopes. One antibody, 49D, stains cyto-
plasmic IL-4 and this pattern is evident in both rhin-
itic and non-rhinitic biopsies, whereas the antibody
3H4 gives a peripheral ring staining to the cells and
is considered to recognise a secretory form of IL-4.
The 3H4 pattern of immunoreactivity is increased in
seasonal and perennial rhinitis in comparison to
findings in the normal nose (4, 5), and is thus in-
dicative of ongoing cytokine secretion by mast cells
in active disease.

Eosinophils

Eosinophils are evident in nasal mucosal biopsies
within the submucosa and epithelium in active rhin-
itis (3-5) and their recovery is increased in nasal
smear specimens. Transmission electron microscopy
examination of nasal biopsies from patients with
rhinitis reveals evidence of ultrastructural granular
changes of eosinophil activation. The normal eosin-
ophil has granules which on electron microscopy
have an electron-dense core surrounded by a less
dense matrix. The electron-dense core is due to the
presence of crystals of major basic protein (MBP)
(6) which comprise approximately 55 % of the granu-
lar protein content. In addition to MBP, the eosin-
ophil granules contain within the matrix, eosinophil
cationic protein (ECP), eosinophil-derived neuro-
toxin (EDN) and eosinophil peroxidase (EPX), as
well as numerous enzymes such as ribonucleases
and histaminase (1, 31). Eosinophils in nasal biop-
sies from rliinitic patients have also been demon-
strated to contain IL-5 (4). Eosinophil activation is
associated both with the release of the granule com-
ponents and the de novo generation of arachidonic
acid end products. The major lipoxygenase
arachidonic-acid cleavage product is LTC4. Eosin-
ophils, primed by chemotactic factors and cytokines
such as IL-3, IL-5 and granulocyte macrophage col-

ony stimulating factor (GM-CSF), have an enhanced
state of activation and exhibit exaggerated LTC4
generation and release (24, 30, 32).

Elevation of immunoreactive LTC4 is evident in
nasal lavage fluid in seasonal allergic rhinitis (21). In
addition to an eosinophil source, LTC4 may also be
derived from either mast cell or basophil activation
(17). A marker which is more specific for eosinophil
activation is ECP, and an increase in nasal lavage
ECP is also evident in seasonal and perennial aller-
gic rhinitis (Fig. 2).

Basophils

Basophils are evident in nasal smear samples in al-
lergic rhinitis (28,29) and can be demonstrated to
increase in asymptomatic seasonal rhinitic patients
following nasal allergen challenge (2). When acti-
vated, basophils release histamine and LTC4, but
unlike mast cells generate only very small quantities
of tryptase and no detectable prostaglandin D2 (17).

Basophils, which like mast cells possess high af-
finity IgE receptors, are also derived from CD34-
positive progenitor cells in the bone marrow (22). An
increase in circulating basophils is observed in rhin-
itis (9) consistent with stimulation of these progeni-
tor cells. It is now also appreciated that basophils
from peripheral blood are capable of synthesising
the cytokines IL-4 and IL-8 (7, 12). The relevance of
this cell population to cytokine synthesis within the
tissue is, however, uncertain as IL-4 predominantly
co-localises to mast cells in nasal biopsies (4, 5).

T-Iymphocytes

The T-lymphocyte represents a significant non-
structural cell within the nasal mucosa. An increase
in this cell population has been described in both
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Fig. 2. Measurement of ECP in recovered nasal lavage fluid from
healthy volunteers (n= 12) and patients with perennial (n= 11)
and seasonal (n = 13) rhinitis.
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seasonal (8) and perennial (8) rhinitic patients. These
cells are activated with an increase in IL-2 receptor
expression in perennial rhinitis in comparison with
normal controls, but there is no seasonal change
within grass pollen sensitive subjects when symp-
tomatic and non-symptomatic periods are compared
(8). The increase appears to be largely related to the
CD4 cell population which has the potential to gen-
erate pro-inflammatory cytokines. T-lymphocytes of
the TH2 subpopulation can generate IL-3, IL-4, IL-5,
GM-CSF and TNFa (26). Following nasal allergen
challenge, an increase in IL-4, IL-5 and GM-CSF
mRNA positive cells has been described in associa-
tion with a mucosal eosinophilia (11), consistent with
T-lymphocyte activation, cytokine secretion and cell
recruitment. Less information is available about
T-cell cytokine synthesis in naturally occurring dis-
ease.

Langerhans' cells
For T-cell activation there has to be an interaction
with antigen presenting cells. Within the airways the
antigen presenting cell appears to be the dendritic or
Langerhans' cell, as this function is poorly served by
macrophages. These cells form a dendritic network
within the mucosa and studies by Fokkens and col-
leagues have demonstrated a naturally occurring
increase in mucosal Langerhans' cells in seasonal
rhinitis (14) which can be mimicked by repeated
allergen challenge.

Inflammatory model of rhinitis

In addition to mediator release from activated cells
within the nasal mucosa, there will also be cytokine
secretion which upregulates the expression of adhe-
sion molecules on the vascular endothelium and their
corresponding ligands on circulating cells. Secretion
of cytokines also primes cells to respond to chemo-
tactic stimuli, enhances the state of cell activation,
and prolongs the survival of eosinophils within the
nasal mucosal tissue (19). These processes may in-
volve IL-3, IL-4, IL-5, IL-8, GM-CSF and TNFa
(Fig. 3) which may have a variety of cell sources
(19).

In the initial phase, allergen interacts with sensi-
tised mast cells to release mediators, which induce
the symptoms of rhinitis. The release of histamine
also mobilises P-selectin on to the vascular endo-
thelium and initiates leucocyte rolling margination
(16). The release of TNFa from mast cells, as has
been demonstrated during the immediate allergic re-
action within the nose (6), promotes upregulation of
the leucocyte endothelial adhesion molecules
E-selectin, ICAM-1 and VCAM-1, which will result
eventually in firmer leucocyte-endothelial adherence
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Fig. 3. Cytokines and tissue eosinophilia.

and allow leucocyte transendothelial migration under
chemotactic stimuli (25). The release of mast cell
IL-4 enhances VCAM-1 upregulation, an adhesion
molecule whose expression is evident in both peren-
nial and seasonal rhinitis (4, 5). The co-release of
IL-5 will promote eosinophil priming and chemo-
taxis (19).

The interaction between antigen and high affinity
IgE receptors on airway Langerhans' cells leads to
antigen processing and the presentation of antigen to
T-lymphocytes with their consequent activation and
elaboration of cytokines (11). This will take a finite
period due to the requirement for gene transcription
and protein synthesis. Cytokine release from T-lym-
phocytes thus contributes to the amplification and
maintenance of airway inflammation with mast cell
mediator cytokine release initiating the process. The
identification of active IL-4 secretion by mast cells
in both seasonal and perennial rhinitis shows that
this cell population also contributes to the persis-
tence of inflammation in the presence of allergen
exposure. In addition to a mast cell and T-lympho-
cyte source for pro-inflammatory cytokines, eosino-
phils themselves may serve an autoregulatory func-
tion through IL-5 generation and release, and the
generation of cytokines such as IL-8 by the airway
epithelium in rhinitis (4) will also contribute to the
tissue leucocyte recruitment and prolong eosinophil
survival in the epithelium. The recent report that
IL-8 is chemotactic for mast cells may explain, in
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part, the epithelial accumulation of this cell popula-
tion in rhinitis (15).

The inflammatory cell influx into the airways in
rhinitis, involving effector cells such as eosinophils
and basophils, will thus expand the potential media-
tor secretory cell population and, in particular, in-
crease the potentigJ for leukotriene generation within
the nose, which will contribute to nasal obstruction
and rhinorrhoea. This cell accumulation and media-
tor elaboration contributes to the lesser benefit of
Hi-antihistamines in more severe disease. The air-
way inflammation along with the recruitment of mast
cells onto the epithelial surface accounts for the
clinical observation of 'priming', the situation where
patients experience more symptoms for equivalent
or lower pollen counts after a period of exposure to
allergen, as in seasonal allergic rhinitis. It is thus
apparent from an understanding of the inflammatory
processes which underlie rhinitis that prevention of
airway inflammation, with prophylactic therapy, is
the optimal approach to control disease expression
and that, while having some efficacy, inhibition of
individual mediator release or end organ receptor
antagonism will not give complete disease control.
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