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ABSTRACT:  Expression of intercellular adhesion molecule-1 (ICAM-1) appears
to be important to the development of bronchial hyperresponsiveness and eosino-
philia in Ascaris sensitized monkeys.  Beta1-integrins are expressed on epithelial
cells, and may contribute to adherence of epithelial cells to the basement membrane.
The aim of this study was to determine whether adhesion receptor expression was
altered in human asthmatic bronchial epithelium.

Using monoclonal antibody staining, we have examined the expression of ICAM-1
and the α1–α6-subunits of the β1-integrin family in bronchial mucosal biopsies from
33 asthmatic and 13 nonasthmatic subjects.

The epithelium was positive for ICAM-1 in 26 out of 33 asthmatics, although neg-
ative in all 13 nonasthmatics.  ICAM-1 expression was not associated with bronchial
responsiveness or with medication requirements.  Beta1-integrin staining showed
that α2-, α3- and α6- subunits stained the epithelium in all cases.  Alpha4 staining
was weakly positive in the epithelium in five asthmatics.  Alpha5 staining was weak
in asthmatics and normals.  Alpha4 and α6- subunits also stained inflammatory
cells.

Epithelial upregulation of ICAM-1 is present in asthma.  Beta1-integrins with
α2-, α3- and α6-subunits appear to be constitutively expressed in bronchial epithe-
lium.
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Bronchial mucosal inflammation is a feature demon-
strated in biopsy studies of all but the mildest forms of
asthma [1–6].  The mechanism by which eosinophils,
lymphocytes and other inflammatory cells enter the air-
way mucosa is not completely understood:  however, it
now appears that adhesion receptors have a role to play
in initiating and maintaining this complex cellular inter-
action.  Three families of adhesion receptors are recog-
nized; the immunoglobulin superfamily, the integrin family
and the selectins [7].  Of these, we have examined the
expression of intercellular adhesion molecule-1 (ICAM-
1) and the α1–α6-subunits of the β1-integrin family in the
bronchial epithelium both of asthmatic and nonasthmat-
ic subjects.

ICAM- 1 is a single chain glycoprotein, composed of
a short cytoplasmic domain, a hydrophobic transmem-
brane domain and five immunoglobulin-like extracellu-
lar domains.  It has a wide distribution on haemopoietic
and nonhaemopoietic cells, and is upregulated in inflam-
mation.  Cytokines known to upregulate ICAM-1 include
interferon-γ (IFN-γ), tumour necrosis factor (TNF) and
interleukin 1 (IL-1).  Vascular endothelium shows the

strongest expression.  The major ligands for ICAM-1 are
the β2-integrins, lymphocyte function-associated antigen
(LFA-1;  present on leucocytes) and Mac-1 (on neutro-
phils, monocytes and natural killer cells) [8].  Endothelial
expression of ICAM-1 has been shown in association
with T-lymphocyte, neutrophil and eosinophil chemo-
taxis into areas of inflammation, indicating that the inter-
action with the β2-integrins assists in the passage of
leucocytes across an endothelial barrier into a site of
inflammation [7, 9, 10].  Further interest in the role of
ICAM-1 in the pathogenesis of asthma was generated by
the finding that intravenous injection of monoclonal anti-
bodies to ICAM-1 in sensitized monkeys, prior to mul-
tiple allergen inhalations, could block or attenuate the
increased bronchial hyperresponsiveness and reduce the
number of eosinophils in bronchoalveolar lavage speci-
mens [11].

The beta1 (β1) integrins are transmembrane glycopro-
teins, which are heterodimers comprising one of six dif-
ferent α-subunits in association with a β1-subunit [12].
These were previously known as the very late activation
molecules (VLA 1–6) [13].  Their ligands include the
connective tissue components laminin, collagen and



fibronectin [7–14] (table 1), each of which is found in
the epithelial basement membrane, indicating a possible
role in cell-cell and cell-matrix interaction.  In more
severe asthmatics, epithelial desquamation is seen in the
bronchus [3], although this is more contentious in mild
asthma [5, 15, 16].  Furthermore, α4β1-integrin is expressed
on inflammatory cells, providing an alternative mecha-
nism for adherence to the vascular endothelium via the
ligand vascular cell adhesion molecule-1 (VCAM-1).  Our
hypothesis was that altered epithelial expression of the
β1-integrins might be expected in mild asthma;  we might
expect to find increased expression due to increased
epithelial activity and turnover.  Alternatively, it might
also be possible that decreased expression might occur,
due to epithelial damage and disruption.

Materials and methods

The research protocol was approved by the District
Research Ethics Committee of  St Bartholomews Hospital.

Study population

Thirty four mild to moderate asthmatics were studied
(see table 2 for subject characteristics).  Each had a clini-
cal history consistent with asthma [17], and was demon-
strated to have bronchial hyperresponsiveness to histamine
with a 20% fall in the forced expiratory volume in one
second (FEV1) at a histamine concentration less than 2
mg·ml-1 (PC20FEV1) using a Devilbiss 646 nebulizer (ti-
dal breathing method as described by BENNETT and
DAVIES [18]).  Nebulizer output was measured as 0.83±0.06
ml·2 min-1.  All subjects had been nonsmokers for at least
2 yrs, and had received no treatment other than inhaled
albuterol over the previous 6 months.  None had a his-
tory of respiratory tract infection over the month prior
to the study.

Thirteen normal subjects with no clinical history of
asthma were studied.  Each had an FEV1 within the nor-
mal predicted range on spirometry and normal bronchial

responsiveness to histamine (PC20FEV1 >4 mg·ml-1).
Fibreoptic bronchoscopy

Five to 10 days following histamine bronchial provo-
cation testing, each subject underwent fibreoptic bron-
choscopy using an Olympus BF20 bronchoscope (Keymed,
Southend, UK).  The procedure was carried out in accor-
dance with the guidelines of the American Thoracic
Society for the study of asthmatics [19].  Asthmatic sub-
jects received 2.5 mg nebulized albuterol with their pre-
medication (50–100 mg pethidine, 12.5 mg stemetil and
0.6 mg atropine intramuscularly).  Topical anaesthesia
was achieved with 2 and 4% lignocaine solution.  Biopsies
were taken using cup forceps from segmental carinae of
the right upper and middle lobes.

Immunohistology

Biopsies were embedded in OCT compound (Agar,
UK) and frozen in liquid nitrogen.  They were subse-
quently sectioned at 5 µm and fixed in acetone.  Staining
was carried out using an avidin-biotin complex immuno-
peroxidase method [20], using a Dako rabbit anti-mouse
secondary antibody and a Vector rabbit and rat secondary
antibody (for α6β1-integrin).  Endogenous peroxidase was
blocked with 15% hydrogen peroxide in methanol after
application of the first antibody.  Peroxidase was devel-
oped with diaminobenzidine tetrahydrochloride (DAB).
Sections were counterstained with Meyer's haematoxylin.
For negative controls, the primary antibodies were omit-
ted and replaced by normal mouse serum as a control
for the mouse mono-clonals as described previously [21].
Rat serum was used to control for α6β1-integrin (rat
immunoglobulin-2 (IgG2α).  (The sources of the primary
antibodies are listed in table 1).  Grading of ICAM-1
expression in epithelium was carried out using a scale
of 0–3 by two independent observers without clinical
information about the subjects.  Expression was only
graded in epithelium where more than a basal cell layer
was present.  Grading was determined not only by colour
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Table 1.  –  Adhesion receptors studied with clones and sources of primary antibodies used

Sub-units Name Ligands MoAb Manufacturer (UK
used supplier)

α1β1 VLA-1 Laminin, collagen TS2/7 T-cell Sciences (Laboratory
Impex Ltd, Middlesex, UK)

α2β1 VLA-2 Laminin, collagen Gi9 Immunotech (The Binding Site, 
Birmingham, UK)

α3β1 VLA-3 Fibronectin, P1B5 Chemicon Int.,
laminin, collagen (London, UK)

α4β1 VLA-4 Fibronectin, HP2/1 Immunotech
VCAM-1

α5β1 VLA-5 Fibronectin, SAM1 Immunotech
α6β1 VLA-6 Laminin GoH3 Immunotech
ICAM-1 - LFA1, Mac-1 84H10 Serotec (Oxford, UK)

VLA:  very late activation molecule;  ICAM-1:  intercellular adhesion molecule-1;  VCAM:  vascular cell
adhesion molecule-1;  MoAb:  monoclonal antibody;  LFA-1:  lymphocyte function-associated antigen-1.



intensity but also by distribution of staining.
Results

The results of epithelial staining, comparing asthma-
tic and nonasthmatic bronchial biopsies, are summarized
in table 3.  As the monoclonal antibodies for α4-subunits
were initially in short supply, not all of the biopsies were
stained using these monoclonals.  The staining was sim-
ilar for the α2-, α3- and α6-subunits, with positive epithe-
lial reactivity in all biopsies, particularly in the basal
epithelium for the α2- and α6-subunits (figs. 1–3).  There
was a little nonspecific staining with rat serum, which
did not follow the same distribution as the staining for
α6β1-integrin.  Mouse serum controls were all negative.
Reactivity for the α4-subunit was negative, with the excep-
tion of five asthmatics with weak epithelial staining for
the α4-subunit.  Staining for the α4-subunit also high-
lighted inflammatory cells infiltrating bronchial epithe-

lium and connective tissue (fig. 4).  Staining for the α5-
subunit was weak both in asthmatics and normals.  There
were no significant differences between asthma-tic and
normal subjects with regard to integrin staining, nor was
there any correlation between the weak epithelial stain-
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Table 2.  –  Asthmatic subject characteristics and results of staining for ICAM-1 in bronchial epithelium

Subject Sex Age FEV1 PC20 FEV1 Duration Doses Atopy* ICAM-1
No. yrs % pred of asthma β2-ag/7 days-1 grade

mg·ml-1 yrs 0–3

1 F 30 81 0.050 20 13 + 1
2 M 22 69 0.046 8 18 + 3
3 M 25 105 0.250 25 8 + 3
4 F 25 96 0.990 20 2 + 0.5
5 F 28 87 0.043 5 8 + 1.5
6 F 33 60 0.016 3 14 + 2.5
7 F 24 65 0.072 5 8 + 0
8 F 27 89 0.072 3 11 + 0.5
9 M 32 106 0.030 20 13 + 2

10 F 24 86 0.160 18 0 + 1.5
11 M 33 97 0.820 20 11 + 3
12 M 19 108 0.260 2 31 + 0
13 F 41 78 0.024 10 8 + 2.5
14 F 24 107 0.076 14 24 + 1.0
15 F 23 71 0.160 8 0 - NS
16 M 42 93 0.031 18 2 + 1
17 M 43 67 0.024 18 11 + 3
18 M 27 112 0.110 13 9 + 3
19 M 36 101 0.440 25 16 + 1.5
20 M 32 113 0.083 25 3 + 0
21 F 24 93 0.042 10 16 + 0.5
22 F 26 88 0.340 10 0 + 0
23 M 34 119 0.530 7 8 + 0.5
24 F 41 105 1.220 20 18 + 0
25 F 27 71 0.045 15 9 + 1.0
26 F 42 100 0.520 6 16 - 1.0
27 F 30 91 0.028 6 44 + 0
28 M 20 103 0.400 10 2 + 0
29 F 24 93 0.105 21 7 + 0.5
30 M 34 106 0.085 15 34 + 0.5
31 M 28 64 0.044 25 25 + 0.5
32 F 33 99 0.140 14 10 + 0.5
33 M 35 43 0.015 3 62 + 1.5
34 M 40 78 0.021 12 19 + 0.5

Mean 30 89.5 0.215 13.3 14.1
(95% range) (±13) (±36.4) (±0.601) (±14.8) (±26.7)

ICAM-1:  intercellular adhesion molecule-1;  M:  male;  F:  female;  FEV1:  forced expiratory volume in one second;  PC20FEV1:
provocative concentration producing a 20% fall in FEV1;  NS:  no sample.  β2-ag:  number of 100 µg doses of albuterol taken by
metered-dose inhaler over the seven days prior to bronchoscopy.  ICAM-1 grading:  mean grade from 2 biopsies.  *: atopy is
defined by a positive skin prick test to Dermatophagoides pteronyssinus, grass pollen or Aspergillus fumigatus.

Table 3.  –  Epithelial expression of β1-integrins in asth-
matics and normals

α-subunit Asthmatics Nonasthmatics

α1β1 0/34 0/13
α2β1 34/34 (basal) 13/13 (basal)
α3β1 34/34 13/13
α4β1 5/20* (weak) 0/13
α5β1 Weak Weak
α6β1 34/34 (basal) 13/13 (basal)

*:  not all specimens stained, due to initial short supply of mono-
clonal antibody.



ing for the α4-subunit and bronchial responsiveness to
histamine in the asthmatics.

ICAM-1 staining was absent in bronchial epithelium
of the 13 normal subjects, although present in 26 out of
33 asthmatics (one sample unevaluable).  The difference
was statistically significant (Chi-squared test:  p<0.0001).
Staining was variable in intensity and was generally
weaker than staining of endothelial cells seen in all sec-
tions.  These acted as positive "internal controls".  Both

cell membrane and cytoplasmic positivity was identified.
Some inflammatory cells also stained positively for
ICAM-1 (fig. 5).  ICAM-1 expression was not associated
with PC20FEV1, nor with β2-agonist consumption.

Discussion

In this study, ICAM-1 expression was found in the
majority of asthmatic subjects but in none of the normal
subjects.  Upregulation of ICAM-1 may have a role in
the inflammatory process in asthma, although it may not
be a specific feature of asthmatic inflammation.  Recent
data from WARDLAW et al. [22] and CAMPBELL et al. [23]
support our findings of increased expression of ICAM-1
in asthmatics compared to normals;  whereas, MONTEFORT

et al. [24] previously found no significant difference.
Inflammatory cells, particularly eosinophils, are known

to infiltrate the epithelium and submucosa in severe asth-
ma [3, 4] and have been reported in some mild asth-
matics [12].  Although a correlation between these cellular
infiltrates and the degree of bronchial hyperresponsive-
ness has not been demonstrated in the mild asthmatics
studied, it is widely viewed that these inflammatory

N.D. MANOLITSAS ET AL.1442

Fig. 1.  –  Example of positive immunostaining for α2β1-integrin in
bronchial epithelium in an asthmatic.  (Scale bar=20 µm).

Fig. 2.  –  Example of positive α3β1-integrin immunostaining in bronchial
epithelium of an asthmatic.  (Scale bar=20 µm)

Fig. 3.  –  Example of α6β1-integrin immunostaining in bronchial epithe-
lium of an asthmatic, demonstrating positivity, particularly in the basal
cells.  (Scale bar=20 µm).

Fig. 4.  –  Example of α4β1-integrin immunostaining in an asthmatic.
Staining is evident in inflammatory cells in the submucosa but not in
the epithelium.  (Scale bar=20 µm).

Fig. 5.  –  Positive immunostaining for intercellular adhesion mole-
cule-1 (ICAM-1) in asthmatic bronchial epithelium.  Note some stain-
ing of inflammatory cells and vascular endothelium in the submucosa.
(Scale bar=20 µm).
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cells have an important role to play in the pathogenesis
of asthma.  Double immunostaining was not performed
in this study, and it is, thus, not possible for us to com-
ment on the association of ICAM-1 positivity and eosi-
nophil infiltration.

A number of mechanisms have been suggested by
which inflammatory cells may be recruited into the air-
way mucosa.  Although the release of cytokines by var-
ious cells, including mast cells and even epithelial cells
themselves, has been demonstrated [25–27] it is very
likely that inflammatory cells gain access to the bron-
chial epithelium by more than one pathway.  Adhesion
of leucocytes to microvascular endothelium is required
for their migration into inflamed tissues.  This appears
to require the binding of LFA-1 (CD18) expressed on
the surface of leucocytes with its ligand ICAM-1 found
on the endothelial surface, which can be blocked by
monoclonal antibodies against either CD18 or ICAM-1
[8, 28].  In congenital leucocyte adhesion deficiency
(LAD), in which there is a genetic deficiency of LFA-1
expression on leucocytes, there is a history of recurrent
infections and, since neutrophils are unable to cross
endothelium, there is an absence of pus formation [29].
In asthma, one could postulate that increased expression
of ICAM-1 on endothelium could increase the adhesion
of leucocytes bearing LFA-1 to the endothelium, allow-
ing increased passage from blood into the tissues.  Increased
expression of ICAM-1 in the bronchial epithelium itself
could increase the trafficking and maintenance of leu-
cocytes at this site.

ICAM-1 has been shown to be the major surface recep-
tor for 90% of rhinoviruses [30].  It is intriguing to con-
sider that increased expression of this receptor could
potentially increase susceptibility to infection with these
viruses, whilst it is known that viral upper respiratory
tract infections increase bronchial reactivity to histamine
[31, 32].

The pattern of immunoreactivity demonstrated for the
different integrin α-subunits in bronchial epithelium is
comparable with that found in other epithelial tissues,
including human intestinal epithelium [33, 34].  In gen-
eral, epithelia appear to be negative for α1β1-integrins
but positive for α2β1-, α3β1- and α6β1-integrins.  ZUTTER

and SANTORO [35] showed a predominance of α2β1 ex-
pression on ciliated columnar epithelium, particularly
basally on proliferating epithelium, as in this study.
DAMJANOVITCH et al. [36] showed a predominance of α2β1-
and α6β1-integrins on normal bronchial epithelium, with
weak expression of α1β1- and α3β1- and absence of α5β1-
integrins.  α4β1 was present only on leucocytes, a find-
ing reproduced in this study.  This is not suprising, as
very late activation molecule-4 (VLA-4) (α4β1) is known
to be expressed on resting eosinophils, lymphocytes and
monocytes, forming an alternative means for these cells,
but not neutrophils, to cross endothelium by binding to
VCAM-1, a molecule found on the endothelial surface
which is induced by inflammatory mediators with simi-
lar kinetics to ICAM-1 [7, 37, 38].  Immunoreactivity
for the α5β1-integrin was weak and difficult to charac-
terize.

The lack of demonstrable differences between the

asthmatics and normal subjects in expression of the
β1-integrins by immunohistology could be due to
insensitivity of the technique, in that it is only possible
to sensibly grade specimens as positive or negative.  We
were interested to see if there was upregulation in asth-
matics due to increased epithelial activity and turnover,
or decreased expression consistent with a pathogenic
defect allowing epithelial loss.  We have not examined
the functional aspects of such receptors, and it is possi-
ble that they may be more or less active functionally,
without any difference in staining being evident.  It is
of interest that both the α2β1- and α6β1-integrins were
preferentially expressed in basal epithelium, supporting
a likely role for their interaction with extracellular matrix
proteins of the basal lamina.

In conclusion, we were unable to detect any signifi-
cant difference between asthmatics and normal subjects
with regard to immunohistochemical staining for the
α1–α6-subunits of the β1-integrin family, but there was
a statistically significant increase in ICAM-1 positivity
in the asthmatics.  ICAM-1 expression may well con-
tribute to the recruitment of allergic inflammatory cells
to the epithelium in asthma.
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