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Summary

Background Allergic rhinitis (AR) and asthma represent a continuum of atopic disease. AR is
believed to pre-dispose an individual to asthma. Compared with asthmatics and normal
controls, the inflammatory response in the lower airways of rhinitics is not fully elucidated.
To test the hypothesis that the inflammatory response in the airways of subjects with AR is at a
level intermediate between that in normal controls and asthmatics, we have characterized
bronchial inflammation and cytokine mRNA levels in non-asthmatic allergic rhinitics and
compared it with subjects with allergic asthma and with normal controls.

Methods Endobronchial mucosal biopsies were obtained at bronchoscopy from 14 allergic
rhinitics, 16 asthmatics and 21 normal controls. Biopsies were embedded into glycol
methacrylate resin for immunohistochemical analysis of cellular inflammation and snap
frozen for semi-quantitative PCR analysis of cytokine mRNA levels.

Results Airway inflammation in rhinitic subjects was characterized by an increase in
submucosal eosinophils, mast cells and the mRNA expression of TNF-g, at an intermediate
level between healthy and asthmatics. In addition, CD3" and CD8* lymphocytes in the
epithelium, the endothelial expression of vascular adhesion molecule-1 and IL-13 mRNA
were higher in the allergic rhinitics compared with both normal controls and asthmatics,
whereas growth-related oncogene o-mRNA was decreased in AR compared with both healthy
and asthmatics. Airway inflammation in the asthmatic group was characterized by higher
numbers of eosinophils and mast cells, together with an increase in TNF-a-mRNA compared
with both healthy and rhinitics. [IFN-y mRNA was the highest in normal controls and lowest in
the asthmatics.

Conclusions In individuals with AR the present data suggest an intermediate state of airway
inflammation between that observed in normal individuals and subjects with clinical asthma.
It is also indicated that IFN-y production by CD8" T lymphocytes could be protective against
the development of airway hyperresponsiveness. Further work is needed to evaluate this
hypothesis.
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Introduction

presence of the following risk factors: a family history of
asthma and atopy [7, 8]; skin test reactivity to common

In the industrialized countries of the world, there is
evidence of an increasing epidemic of asthma [1—4], the
cause of which remains unclear. Individuals with pre-
existing allergic rhinitis (AR) have an increased risk for
the development of asthma [5, 6], particularly in the
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aeroallergens [9]; or bronchial hyperresponsiveness (BHR)
[10]. Asymptomatic BHR is generally thought to be caused
by airway inflammation [11, 12], and has been shown to
precede the development of asthma in both adults and
children [13, 14]. This asymptomatic inflammation has
been measured indirectly by the measurement of exhaled
nitric oxide [15, 16] and directly quantified by the
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examination of induced sputum [17] and bronchial biop-
sies [18], both of which identified increased numbers of
mast cells and eosinophils in atopic non-asthmatic sub-
jects outside the pollen season. Asymptomatic lower air-
ways inflammation may thus represent one of the earliest
stages in the development of asthma.

To improve the understanding of the relevance of atopy
to the development of asthma, we have characterized the
inflammation in the lower airways of non-asthmatic,
asymptomatic subjects with AR. We tested the hypothesis
‘The inflammatory response in the airways of subjects
with AR is at a level intermediate between that observed in
normal controls and asthmatics’. In the cellular processes
involved, we hoped to be able to suggest a mechanism for
the induction and maintenance of airway inflammation in
such atopic individuals, ultimately leading to the devel-
opment of asthma.

Materials and methods

Subjects

Three groups of subjects were recruited into the study:
allergic rhinitics (n = 14), asthmatics on short-acting f3,-
agonists on demand (n = 16), and normal controls (n = 21).
At inclusion, all subjects underwent skin prick testing to a
standard panel of 10 aero-allergens, birch, timothy, mug-
worth, cat, horse, dog, Dermatophagoides pteronyssinus
[house dust mite (HDM)], Dermatophagoides farinae
(HDM), cladosporum (mould) and alternaria (mould). A
positive result was recorded if the skin prick test (SPT)
resulted in a weal reaction equal to or greater than the
histamine control at 15 min. Forced expiratory volume in
1s (FEV,) was measured in all subjects using a computer-
ized pneumotach spirometer (Vitalograph, Buckingham-
shire, UK). In order to determine airway responsiveness,
methacholine challenge with nebulized concentrations of
methacholine ranging from 0.03 to 32 mg/mL was per-
formed in the allergic rhinitics and the asthmatics. The
provocative concentration of methacholine was calcu-
lated on the log-dose—response curve as the concentra-
tion of methacholine required to result in a decline in
FEV, of 20% (PC,0) [19].

The inclusion criteria for subjects in the asthmatic
group were a clinical history of asthma, classified accord-
ing to GINA guidelines as intermittent to mild persistent
[20]. All asthmatics had a positive SPT against at least one
of the tested aero-allergens, FEV,; > 80% of predicted and
BHR with a PC,y < 8 mg/mL. In the asthmatic group, 14
out of 16 subjects were tested positive for birch or
timothy; 12 of these subjects also had a positive SPT
against cat, horse, dog, mite or mould. The remaining two
subjects had a positive SPT against cat, horse, dog, mite or
mould.
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Table 1. Characteristics of the subjects in each study group

Subject group Healthy controls Allergic rhinitis Allergic asthma
Number in group 21 14 16
Mean age in years 24 (21-29) 25 (22—-34) 24 (18-32)
(range)
Gender (male : female) 12:9 7:7 8:8
FEV, (% predicted) 98 £ 15 97 £ 15 99+ 15
Geometrical mean of Not assessed > 8.0 27+1.8
PC,o (mg/mL)
Skin prick test to Negative Positive Positive
pollens

FEV,, forced expiratory volume in 1s.

The subjects with AR were recruited on the basis of a
clinical history of seasonal AR requiring medical treat-
ment only during the pollen season. They were classified
as mild intermittent according to ARIA guidelines [21]. All
subjects in the rhinitic group had a positive SPT against at
least one of the tested aero-allergens, FEV, > 80% of
predicted and no hyperresponsiveness (PC,, > 8 mg/mlL)
as well as no history of asthma. In the rhinitic group, all
subjects were tested positive for birch or timothy. In
addition, four subjects also had a positive SPT against
cat, horse, dog, mite or mould.

Normal controls had a negative history of atopy,
negative SPTs to a standard panel of aero-allergens and
FEV, > 80% predicted. The characteristics of the three
groups are detailed in Table 1. Exclusion criteria in all
groups included any history of smoking, airway infection
within 6 weeks before or during the study, and current use
of any medications (other than short-acting B,-agonists
on demand in the asthmatic group). The study took place
outside the pollen season. The local ethics committee
approved the study and the subjects gave their written
informed consent.

Bronchoscopy

Bronchoscopy was performed at the Department of Re-
spiratory Medicine and Allergy, University Hospital,
Umea, Sweden. Subjects were premedicated with 1.0 mg
of atropine given subcutaneously 30 min before the pro-
cedure. Topical local anaesthetic was achieved using
lidocaine. All subjects tolerated the procedure well. A
flexible video bronchoscope (Olympus BFIT200, Tokyo,
Japan) was inserted through the mouth via a mouthpiece
with the subjects in the supine position. Four to six
endobronchial mucosal biopsies were taken for immuno-
histochemistry and PCR using fenestrated forceps (Olym-
pus FB-21C, Tokyo, Japan). The biopsies were obtained
either from the anterior aspect of the main carina and the
subcarina of the second to fourth generation airways on
the right side, or from the posterior aspect of the main
carina and the corresponding subcarina on the left side.
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Immunohistochemistry

The coded biopsy specimens were processed into glycol
methacrylate (GMA) resin for immunohistochemistry as
described previously [22]. Immunohistochemical staining
was performed using the strept-avidin biotin-peroxidase
technique and monoclonal antibodies directed against
specific cell markers including mast cells (AA1), eosino-
phils (EG2), neutrophils (NOE), lymphocytes (CD3", -4,
-8", -25™), macrophages (CD68") and adhesion mole-
cules [E- and P-selectin, intercellular adhesion molecule-1
(ICAM-1) and vascular adhesion molecule-1 (VCAM-1)].
Positively stained nucleated cells were counted separately
in the epithelium and in the submucosa excluding muco-
sal glands, blood vessels and muscle in two sections at
least 10 um apart. The area of the submucosa and the
length of the epithelium counted were measured using
computed-assisted image analysis. To be included in the
study, the biopsies had to have a minimum area of
0.46 mm?, as this has been previously shown to give
representative data [23]. The results were expressed as
cells/mm? and cells/mm, respectively. For each adhesion
molecule, the number of blood vessels stained was pre-
sented as a percentage of the total number of vessels
stained using the pan-endothelium marker EN4 in con-
secutive sections (2 um apart). Analysis of the biopsies
was performed with the observer blinded to the subject

group.

Polymerase chain reaction

For semi-quantitative PCR, biopsies were analysed as
described previously [24]. Samples were immediately
frozen in liquid nitrogen and total RNA was subsequently
extracted with Trizol and quantified by measuring optical
density at 260 nm. RNA samples were reverse transcribed
using avian myeloblastoma reverse transcriptase to pro-
duce cDNA. PCR amplification was performed with primer
pairs specific for adenine phosphoribosyl transferase
(APRT), IL-1pB, IL-5, IL-8, TNF-a, IFN-y, granulocyte
macrophage colony stimulating factor (GM-CSF) and
growth-related oncogene o (GRO-o). The conditions for
each primer pair were established in advance and regu-
lated using a Perkin Elmer thermal cycler (Perkin Elmer,
Warrington, UK). After 30 cycles, the resulting gene
transcripts were detected by a digoxigenin-ELISA method.
The levels of cytokine transcripts were normalized to
APRT and expressed as a percentage (level of cytokine
products/level of APRT product x 100).

Statistics

Data were not normally distributed and are therefore
presented as medians with 25th and 75th percentiles.
Comparison of baseline immunohistochemistry indices

and PCR data between the three groups was performed
using the Kruskall-Wallis anova test. If a significant
difference was observed between the three groups, the
Mann—Whitney U-test was used for post hoc analyses.
P-values <0.05 were considered to be statistically
significant.

Results

Immunohistochemistry

Analysable biopsies were obtained from 13 out of the
14 rhinitics who underwent bronchoscopy and from all
the asthmatics (n = 16) and all the normal controls (n = 21).
The biopsies had a mean submucosal area of 1.49, 1.36
and 1.38mm?, in the rhinitic, asthmatic and normal
subjects, respectively, and an average epithelial length of
2.52,3.18 and 3.38 mm.

Compared with normal controls, subjects with AR had
elevated numbers of eosinophils in the bronchial submu-
cosa (P=0.022) (Fig. 1a), as well as increased numbers
of mast cells (P=0.022) (Fig. 1b), CD3" lymphocytes
(P=0.029) (Fig. 1c) and CD8" lymphocytes (P=0.022)
(Fig. 1d) in the epithelium. The increased numbers of
epithelial lymphocytes in the allergic rhinitic subjects
were also elevated when compared with the asthmatic
group (Figs 1c and d). The increased cellular infiltration in
the allergic rhinitics was paralleled by an increase in the
endothelial expression of VCAM-1 compared with both
normal controls (P=0.003) and asthmatics (P=0.001)
(Fig. 2).

As expected, submucosal eosinophil numbers
(P=0.032) and epithelial mast cell numbers (P < 0.001)
were increased in asthmatics (Figs 1a and b) compared
with normal controls.

There were no differences between the three groups in
the numbers of neutrophils, macrophages, CD4 " lympho-
cytes or in the endothelial expression of E- and P-selectin,
and ICAM-1.

Polymerase chain reaction

Suitable biopsies for PCR were obtained from all the
rhinitics (n=14) and asthmatics (n=16) and from 18 of
the 21 normal controls.

Semi-quantitative PCR showed an increase in mRNA
for IL-1PB and TNF-a in the allergic rhinitics (P < 0.001
and P=0.041) (Figs 3a and b), whereas mRNA for GRO-a
and IFN-y (P=0.009 and 0.037) were decreased (Figs 2c
and d), when compared with normal controls. Compared
with the asthmatics, subjects with AR expressed a lower
level of GRO-oo mRNA (P = 0.002), while IFN-y mRNA was
higher (P =0.007).

In the asthmatic subjects, mRNA levels for IL-1B and
TNF-o were increased (P < 0.001 and P =0.009), whereas

© 2007 The Authors
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Fig. 1. Graphs showing the number of eosinophils in the bronchial submucosa (a), and mast cells (b), CD3™ lymphocytes (c) and CD8" lymphocytes (d)
in the bronchial epithelium of the normal, allergic rhinitic and asthmatic subjects. Significant P-values are shown.

IFN-y mRNA was decreased (P=0.002), compared with
the normal controls.

The mRNA levels for IL-5, IL-8 and GM-CSF did not
differ between the three groups.

Discussion

The results from the present study demonstrate that
allergic rhinitic subjects show evidence of inflammation
in the lower airways when studied outside the pollen
season. The numbers of mast cells and eosinophils were
intermediate compared with the numbers in the lower
airways of asthmatic and control subjects. However, the
numbers of CD3" and CD8" lymphocytes and the en-
dothelial adhesion molecule VCAM-1 were significantly
higher in the allergic rhinitic subjects compared with both

© 2007 The Authors

allergic asthmatics and normal subjects. In allergic rhini-
tics, the inflammatory cellular response was paralleled by
an increase in mRNA levels for IL-18 and TNF-o and
decreases in GRO-o and IFN-.

The eosinophil is considered to be a major effector cell
of allergic disease as a result of its ability to produce
inflammatory mediators such as leucotrienes, major basic
protein and eosinophil peroxidase and cationic protein
[25—28]. The presence of eosinophils in the lower airways
of asthmatic, rhinitic and atopic non-asthmatic indivi-
duals has been described previously [18, 29, 30], with
eosinophil numbers the highest in the asthmatics and
intermediate in the atopic subjects compared with healthy
controls [18, 29]. In this present study and in that of
Braunstahl et al. [30], although eosinophil numbers were
greater than in normal controls, similar numbers were

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 688—695
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Fig. 2. Graph showing the endothelial expression of vascular adhesion
molecule-1 in the normal, allergic rhinitic and asthmatic subjects.
Significant P-values are shown.

observed in both asthmatic and allergic rhinitic airways,
suggesting that the presence of eosinophils is related to
atopy and this alone is not enough to cause a symptomatic
airway disease.

In this current study, we did not study markers of
eosinophil activation. However, Lam et al. [31] and Alav-
rez et al. [32] have examined this in bronchoalveoloar
lavage (BAL) and sputum, respectively, before and after
antigen challenge in both asthmatics and allergic rhini-
tics. Before antigen challenge, neither observed any dif-
ferences in leukotriene or eosinophil cationic protein
levels. However, signs of eosinophil activation were seen
following antigen provocation in both groups, with a
greater response in asthmatics. In an electron microscopic
study of bronchial biopsies from asthmatics and atopic
individuals, Djukanovic et al. [18] observed degranulation
of eosinophils in both groups. These observations, to-
gether with the study of Leckie et al. [33] in which
treatment of asthmatics with an anti-IL-5 antibody re-
duced both blood and sputum eosinophilia but had no
effect on airway hyperresponsiveness (AHR), raise some
questions about the exact role of the eosinophil in its
contribution to the development of symptomatic asthma.

The role of the mast cell in asthma is well established:
they contribute to the activation and perpetuation of the
inflammatory response [34—37]. In active disease, the
mast cell is usually located within the bronchial epithe-
lium, at the interface of the internal and external environ-
ment, where it can respond to allergens and other
exogenous stimuli. In this study, we observed signifi-
cantly more mast cells in the bronchial epithelium in the
allergic rhinitics compared with the normal controls.
Consistent with previous studies, no differences in sub-

mucosal mast cell numbers were observed between sub-
jects with AR, allergic asthma and healthy controls [18,
29-31, 38].

In the allergic inflammatory response, activation of
mast cells leads to the release of mediators contributing
to the early phase as well as the late-phase of asthmatic
inflammation [39, 40]. Lam et al. [31] reported raised,
although not statistically significant, levels of histamine
in BAL before antigen challenge in asthmatics compared
with rhinitics. Tryptase was detectable in the sputum in
seven out of 31 asthmatics at baseline but was completely
undetectable in rhinitic subjects [32]. BAL levels of IL-4
and IL-5, two cytokines known to be released by mast cells
[39], were not different between asthmatics and rhinitics
[41]. Djukanovic et al. [18] observed ultrastructurally that
mast cells in asthmatics exhibited signs of degranulation
compared with those from atopic controls, which, despite
showing some signs of degranulation, were generally
intact. Taken together, these data suggest a difference in
the activation status, rather than in numbers, of mast cells
between asthmatic and rhinitic individuals and that this
may contribute to the BHR observed in asthmatics.

T lymphocytes are also implicated in the development
of asthma with T helper 2 (Th2) cell activation and
production of cytokines, playing an important role in the
development and maintenance of allergic disease and
hyperresponsiveness [42, 43]. We did not observe any
differences in lymphocyte numbers within the submucosa
between the three groups. However, in the rhinitic group,
a significant increase in epithelial CD8™" lymphocytes was
detected compared with both normal controls and asth-
matics. This would account for the increase in total
number of T lymphocytes (CD3") that was also evident.
CD8™ T cells have dual functions — some are cytotoxic
and others mediate T cell suppression. For example,
depletion of CD8' T cells leads to an enhanced Th2
response and BHR before sensitization in both rat and
murine challenge models [44, 45]. It is thus possible that
the increased numbers of CD8™ cells in the airways of the
rhinitics may represent a protective phenotype, prevent-
ing the development of asthma.

The significance of the increase in endothelial expres-
sion of VCAM-1 in the allergic rhinitics compared with
both the normal controls and asthmatics remains unclear.
Zangrilli et al. [41] observed no difference in soluble
VCAM-1 in BAL of asthmatics and rhinitics before antigen
challenge. VCAM-1 is important in recruiting eosinophils
and activated T lymphocytes from the circulation into the
airways of asthmatic subjects [46]. However, in this study
there was no correlation between endothelial expression
of VCAM-1 and eosinophil or lymphocyte numbers. Other
work has suggested that the extent of both VCAM-1 and
ICAM-1 expression in asthmatics may be increased after
allergen challenge [47]. Furthermore, in asthmatics, a
significant association has been found between the

© 2007 The Authors
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Fig. 3. Graphs showing the mRNA expression for IL-1p (a), TNF-a (b), growth-related oncogene o (GRO-a) (c) and IFN-y (d) in the normal, allergic

rhinitic and asthmatic subjects. Significant P-values are shown.

expression of these adhesion molecules and the number of
eosinophils [47]. The lack of correlation in allergic rhini-
tics may reflect the intermediate inflammatory status
within the bronchial mucosa.

IL-1B and TNF-a are both pro-inflammatory cytokines
that can contribute to the initiation and perpetuation of
the inflammatory response, including the activation of the
endothelium with increased expression of adhesion mole-
cules and subsequent inflammatory cell recruitment (re-
viewed in [48]). mRNA levels of both these cytokines were
increased in the airways of both the rhinitics and asth-
matics compared with normal controls, with no difference
detected between the two atopic groups. Increased expres-
sion of these cytokines has previously been reported in
asthma [49—53]; again, as with the eosinophil, our find-
ings suggest that this may be a feature of atopy rather
than asthma.

© 2007 The Authors

The relevance of the decreased mRNA levels for the
neutrophil chemokine GRO-a, in the rhinitics compared
with both the normal controls and asthmatics is unclear.
No differences were observed in neutrophilic inflamma-
tion between the three subject groups. This therefore
remains a matter for further investigation.

IFN-v is considered an inhibitory cytokine, inhibiting
allergic inflammation while promoting cell-mediated
cytotoxic responses [48]. Our observation of a disease-
related decrease in IFN-y levels is thus not unexpected.
There are no previous studies comparing mRNA levels of
IFN-y in bronchial biopsies from rhinitics with those of
normal subjects or asthmatics. In studies of BAL cells from
asthmatics that have been stimulated exr vivo, increases
in IFN-y are reported compared with normal controls
[53, 54]. However, if BAL cells are not stimulated, no
differences are observed [55]. When comparing IFN-y

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 688—695
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expression in lung tissue samples from subjects who died
of asthma to those with asthma who died of other causes,
or to biopsies from normal subjects, no differences were
observed [56]. Ying et al. [57] has studied IFN-y-mRNA
expression in bronchial biopsies and observed a decrease
in the number of IFN-y-expressing cells in asthmatics
compared with controls. Nonetheless, consistent with the
murine model [58], one possibility is that [FN-y produc-
tion by CD8" T lymphocytes protects against the devel-
opment of AHR. The present data indicated a possible
relationship between the mRNA levels for IFN-y and PC,q
methacholine in the asthmatic and allergic rhinitic sub-
jects, but this did not reach statistical significance
(p=0.337, P=0.07). As mRNA expression does not neces-
sarily lead to protein synthesis, a stronger relationship
may be observed if this were examined.

In conclusion, we have demonstrated the presence of
inflammatory changes in the lower airways of both
asthmatic subjects and non-asthmatic subjects with AR.
The allergic rhinitics had a pattern of mast cell and
eosinophil inflammation similar to that in the asthmatics
but they had increased numbers of epithelial CD8™" T cells
and increased endothelial expression of VCAM-1. In
addition, we found increased mRNA for IL- and TNF-a
in both asthmatic and rhinitic subjects compared with
normal controls as well as a disease-related decrease in
IFN-v. Further work is required to characterize the func-
tional properties of the infiltrating CD8™ T cells and to
investigate the contribution of IFN-v to protect against the
development of asthma in subjects with AR.

References

1 Burr ML, Butland BK, King S, Vaughan-Williams E. Changes in
asthma prevalence: two surveys 15 years apart. Arch Dis Child
1989; 64:1452—6.

2 Haahtela T, Lindholm H, Bjorksten F, Koskenvuo K, Latitinen LA.
Prevalence of asthma in Finnish young men. BMJ 1990;
301:266—8.

3 Ciprandi G, Vizzaccaro A, Cirillo I, Crimi P, Canonica GW.
Increase of asthma and allergic rhinitis prevalence in young
Italian men. Int Arch Allergy Immunol 1996; 111:278—83.

4 Sly RM. Changing prevalence of allergic rhinitis and asthma.
Ann Allergy Asthma Immunol 1999; 82:233—48.

5 Corren J. Allergic rhinitis and asthma: how important is the link?
J Allergy Clin Immunol 1997; 99:S781—6.

6 Greisner WA, Settipane RJ, Settipane GA. The course of asthma
parallels that of allergic rhinitis: a 23-year follow-up study of
college students. Allergy Asthma Proc 2000; 21:371—5.

7 Weiss ST, Tager IB, Speizer FE, Rosner B. Persistent wheeze: its
relation to respiratory illness, cigarette smoking and level of
pulmonary function in a population sample of children. Am Rev
Respir Dis 1980; 22:697—708.

8 Sherman CB, Tosteson TD, Tager IB, Speizer FE, Weiss ST. Early
predictors of asthma. Am J Epidemiol 1990; 132:83—95.

10

13

14

15

16

17

19

20

21

22

23

24

25

26

Wright AL, Holberg CJ, Martinez FD, Halonen M, Morgan W,
Taussig LM. Epidemiology of physician-diagnosed allergic rhi-
nitis in childhood. Pediatrics 1994; 94:895—901.

Laprise C, Boulet L-P. Asymptomatic airway hyperresponsiveness:
a three-year follow-up. Am J Crit Care Med 1997; 156:403—9.
Barnes PJ. New concepts in the pathogenesis of bronchial
hyperresponsiveness and asthma. J Allergy Clin Immunol 1989;
83:1013-26.

Kay AB. Asthma and inflammation. J Allergy Clin Immunol
1991, 87:893-910.

Sparrow D, O’Connor G, Colton T, Barry CL, Weiss ST. The
relationship of nonspecific bronchial hyperresponsiveness to
the occurrence of respiratory symptoms and decreased levels of
pulmonary function: the Normative Aging Study. Am Rev Respir
Dis 1987; 135:1255—60.

Hopp RJ, Townley RG, Biven RE, Bewtra AK, Nair NM. The
presence of airway reactivity before the development of asthma.
Am Rev Respir Dis 1990; 141:2-8.

Henriksen AH, Sue-Chu M, Lingaas-Holman T, Langhammer A,
Bjermer L. Exhaled and nasal NO levels in allergic rhinitis:
relation to sensitization, pollen season and bronchial hyperre-
sponsiveness. Eur Respir J 1999; 13:301—6.

Gratziou C, Robina N, Lignos M, Vogiatzis I, Roussos C. Exhaled
nitric oxide in seasonal allergic rhinitis: influence of pollen
season and therapy. Clin Exp Allergy 2001; 31:409—16.

Foresi A, Leone C, Pelucchi A et al. Eosinophils, mast cells, and
basophils in induced sputum from patients with seasonal allergic
rhinitis and perennial asthma: relationship to methacholine
responsiveness. J Allergy Clin Immunol 1997; 100:58—64.
Djukanovic R, Lai CK, Wilson JW et al. Bronchial mucosal
manifestations of atopy: a comparison of markers of inflamma-
tion between atopic asthmatics, atopic nonasthmatics and
healthy controls. Eur Respir J 1992; 5:538—44.

Sterk PJ, Fabbri LM, Quanjer PH et al. Airway responsiveness.
Standardised challenge testing with pharmacological, physical
and sensitising stimuli in adults. Report working party standar-
disation of lung function tests, European Community for Steel
and Coal. Official Statement of the European Respiratory society.
Eur Respir J Suppl 1993; 16:53—83.

Global strategy for asthma management and prevention. Work-
shop report 2005. www.ginasthma.org

Bousquet J. Allergic rhinitis and its impact on asthma (ARIA).
Clin Exp Allergy Rev 2003; 3:43—5.

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.
Sullivan P, Stephens D, Ansari T, Costello J, Jeffery P. Variation
in the measurements of basement membrane thickness and
inflammatory cell number in bronchial biopsies. Eur Respir
J1998; 12:811-5.

Salvi S, Semper A, Blomberg A et al. Interleukin 5 production
by human epithelial cells. Am J Respir Cell Mol Biol 1999;
20:984-91.

Carlson M, Hakansson L, Peterson C, Stalenheim G, Venge P.
Secretion of granule proteins from eosinophils and neutrophils is
increased in asthma. J Allergy Clin Immunol 1991; 87:27—33.
Gauvreau GM, O'Bryne PM, Moqbel R ef al. Enhanced expression
of GM-CSF in differentiating eosinophils of atopic and atopic
asthmatic subjects. Am J Respir Cell Mol Biol 1998; 19:55—62.

© 2007 The Authors

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 688—695



Lower airways inflammation in allergic rhinitis 695

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Lee NA, Gelfand EW, Lee JJ. Pulmonary T cells and eosinophils:
coconspirators or independent triggers of allergic respiratory
pathology? J Allergy Clin Immunol 2001; 107:945—57.

Louis R, Shute JK, Biagi S et al. Cell infiltration, ICAM-1
expression, and eosinophil chemotactic activity in asthmatic
sputum. Am J Respir Crit Care Med 1997; 155:466—72.
Howarth PH, Wilson JW, Djuaknovic R et al. Airway inflamma-
tion and atopic asthma: a comparative bronchoscopic investiga-
tion. Int Arch Allergy Appl Immunol 1991; 94:266—9.
Braunstahl G-J, Fokkens WJ, Overbeck SE, KleinJan A, Hoog-
steden HC, Prins JB. Mucosal and systemic inflammatory
changes in allergic rhinitis and asthma: a comparison
between upper and lower airways. Clin Exp Allergy 2003; 33:
579-87.

Lam S, Al-Majed S, Chan H, Tse K, LeRiche JC, Chan-Yeung M.
Differences in mediator release between allergic rhinitis and
asthma. J Allergy Clin Immunol 1991; 87:842—9.

Alvarez MJ, Olaguibel JM, Garcia BE, Tabar Al, Urbiola E.
Comparison of allergen-induced changes in bronchial hyperre-
sponsiveness and airway inflammation between mildly allergic
asthma patients and allergic rhinitis patients. Allergy 2000;
55:531-9.

Leckie MJ, ten Brinke A, Khan J et al. Effects of an interleukin-5
blocking monoclonal antibody on eosinophils, airway hyper-
responsiveness, and the late asthmatic response. Lancet 2000;
356:2144-8.

Djukanovic R, Wilson JW, Britten KM et al. Quantitation of mast
cells and eosinophils in the bronchial mucosa of symptomatic
atopic asthmatics and healthy control subjects using immuno-
histochemistry. Am Rev Respir Dis 1990; 142:863—71.

Wardlaw A, Dunnette S, Gleich G, Collins J, Kay AB. Eosinophils
and mast cells in bronchoalveolar lavage in subjects with mild
asthma. Relationship to bronchial hyperreactivity. Am Rev
Respir Dis 1988; 137:62—9.

Kirby J, Hargreave F, Gleich G, O’Byrne P. Bronchoalveolar cell
profiles of asthmatic and nonasthmatic subjects. Am Rev Respir
Dis 1987; 136:379—83.

Beasley R, Roche WR, Roberts JA, Holgate ST. Cellular events in
the bronchi in mild asthma and after bronchial provocation. Am
Rev Respir Dis 1989; 139:806—17.

Bradley BL, Azzawi M, Jacobson M et al. Eosinophils, T-
Lymphocytes, mast cells, neutrophils and macrophages in bron-
chial biopsy specimens from atopic subjects with asthma:
comparison with biopsy specimens from atopic subjects without
asthma and normal controls and relationship to hyperrespon-
siveness. J Allergy Clin Immunol 1991; 88:661—74.

Bradding P, Roberts JA, Britten KM ef al. Interleukin-4, -5, and -6
and tumour necrosis factor-alpha in normal and asthmatic air-
ways: evidence for the human mast cell as a source of these
cytokines. Am J Respir Cell Mol Biol 1994; 10:471—80.
Bingham CO, Austen KF. Mast-cell responses in the development
of asthma. J Allergy Clin Immunol 2000; 105:S527—34.
Zangrilli JG, Shaver JR, Cirelli A et al. sVCAM-1 levels after
segmental antigen challenge correlate with eosinophil influx,
IL-4 and IL-5 production, and the late phase response. Am J
Respir Crit Care Med 1995; 151:1346—53.

Leong KP, Huston DP. Understanding the pathogenesis of allergic
asthma using mouse models. Ann Allergy Asthma Immunol
2001; 87:96—1009.

© 2007 The Authors
Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 688—695

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Mishima H, Hojo M, Watanabe A, Hamod Q, Martin JG. CD4™ T
cells can induce airway hyperresponsiveness to allergen chal-
lenge in the brown Norway rat. Am J Respir Crit Care Med 1998;
158:1863—-70.

Huang TJ, MacAry PA, Kemeny DM, Chung KF. Effect of CD8 ™" T-
cell depletion on bronchial hyper-responsiveness and inflamma-
tion in sensitized and allergen-exposed Brown—Norway rats.
Immunology 1999; 96:416—23.

Stock P, Kallinich T, Akbari O et al. CD8(+) T cells regulate
responses in a murine model of allergen-induced sensitisation
and airway inflammation. Eur J Immunol 2004; 34:1817—27.
ten Hacken NH, Postma DS, Bosma F et al. Vascular adhesion
molecules in nocturnal asthma: a possible role for VCAM-1 in
ongoing airway wall inflammation. Clin Exp Allergy 1998;
28:1518—-25.

Bentley AM, Durham SR, Robinson DS et al. Expression of
endothelial and leukocyte adhesion molecules interacellular
adhesion molecule-1, E-selectin, and vascular cell adhesion
molecule-1 in the bronchial mucosa in steady-state and aller-
gen-induced asthma. J Allergy Clin Immunol 1993; 92:857—68.
Chung KF, Barnes PJ. Cytokines in asthma. Thoraxr 1999; 54:
825-57.

Borish L, Mascali JJ, Dishuck J, Beam WR, Martin RJ, Rosenwasser
LJ. Detection of alveolar macrophage-derived IL-1 beta in asthma.
Inhibition with corticosteroids. J Immunol 1992; 149:3078—82.
Sousa AR, Lane SJ, Nakhosteen JA, Lee TH, Poston RN. Expres-
sion of interleukin-1 beta (IL-1P) and interleukin receptor
antagonist (IL-1ra) on bronchial asthmatic epithelium. Am
J Respir Crit Care Med 1996; 154:1061—6.

Ying S, Robinson DS, Varney V et al. TNF alpha mRNA expres-
sion in allergic inflammation. Clin Exp Allergy 1991; 21:745—50.
Howarth PH, Babu S, Arshad HS et al. Tumour necrosis factor as
a novel therapeutic target in symptomatic steroid dependant
asthma. Thorax 2005; 60:1012—8.

Cembryznska-Nowak M, Szlarz E, Inglot AD, Teodorczyk-Inje-
yan JA. Elevated release of tumour necrosis factor-alpha and
interferon-gamma by bronchoalveolar leukocytes from patients
with bronchial asthma. Am Rev Respir Dis 1993; 147:291—5.
Krug N, Madden J, Redington AE et al. T-cell cytokine profile
evaluated at the single cell level in BAL and blood in allergic
asthma. Am J Respir Cell Mol Biol 1996; 14:319—26.

Krug N, Erpenback VJ, Balke K et al. Cytokine profile of
bronchoalveolar lavage-derived CD4(+), CD8(+) and gamma
delta T cells in people with asthma after segmental allergen
challenge. Am J Respir Cell Mol Biol 2001; 25:125-31.
0’Sullivan S, Cormican JL, Ichinohe S, Johnston SL, Burke CM,
Poulter LW. Activated, cytotoxic CD8" T lymphocytes contribute
to the pathology of asthma death. Am J Respir Crit Care Med
2001; 164:560—4.

Ying S, Durhma SR, Corrigan CJ, Hamid Q, Kay AB. Phenotype of
cells expressing mRNA for TH2-type (interleukin 4 and inter-
leukin 5) and TH1-type (interleukin 2 and interferon y) cytokines
in broncheoalveolar lavage and bronchial biopsies from atopic
asthmatics and normal control subjects. Am J Respir Cell Mol
Biol 1995; 12:477-87.

Suzuki M, Maghni K, Molet S, Shimbara A, Hamid QA, Martin
JG. IFNy secretion by CD8" T cells inhibits allergen-induced
airway eosinophilia but not late airway responses. J Allergy Clin
Immunol 2002; 109:803—-9.



