Allergic subjects express intercellular
adhesion molecule - 1 (ICAM-1 or CD54)
on epithelial cells of conjunctiva after

allergen challenge
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Background: Allergic inflammation can be experimentally reproduced in vivo in humans, by
means of the conjunctival provocation test with allergen. The allergen stimulation triggers an
early clinical response and an almost simultaneous cellular infiltrate. Among the factors that
can coniribute 1o the local cellular recruitment, we postulate a possible early involvement of
CD54 in the development of inflammation caused by the allergic reaction.

Methods: We used a sensitive immunocytochemical immunoenzymatic alkaline
phosphatase-monoclonal antialkaline phosphatase technique to detect the possible expression of
CD54 molecule on epithelial cells of conjunctiva in 15 allergic subjects and in 15 healthy
individuals in basal conditions and after allergen challenge (Parietaria judaica) during the

off-pollen season.

Results: Ar baseline all studied individuals did not evidence CD54 expression on epithelial
cells; 30 minutes after allergen challenge, all the allergic individuals showed a marked
expression of CD54 on conjunctival epithelium, whereas none of healthy subjects showed any
CD54 expression. First, CD54 expression on conjunctival epithelium after specific provocation
test appeared as a specific phenomenon occurring only in sensitized subjects; moreover, it is an
immediate event concomitant with the local inflammatory infiltrate. Therefore conjunctival
epithelium unexpectedly appeared 1o be more than a bystander in the allergic reaction; it may
be perceived as an active participant interacting with the inflammatory infiltrate.

Conclusions: These findings indicate that CD54 may play a central role in the allergic
inflammation and strongly support the concept that maneuvers designed to interact with the
adhesion machinery expressed on inflammatory cells and epithelium may be a helpful
therapeutic approach. (J ALLERGY CLIN IMMUNOL 1993,91:783-92.)

Key words: Seasonal rhinoconjunctivitis, off-pollen season, conjunctival provocation test,
Parietaria judaica, allergic inflammation, adhesion molecules, conjunctival epithelial cells

From the Allergy and Clinical Immunology Service* and Nephrol-
ogy,® Department of Internal Medicine, University of Genoa,
16132 Genoa, Italy.

Supported by P.F. CNR FATMA SP2 grant to G.W.C. no. 5710,
CNR Target project “Ingegneria genetica - P.F. 99 no. 91.00018,
grant to M.B., and by ARMIA (Associazione Ricerca Malattie
Allergiche e Immunologiche) foundation.

Received for publication Jan. 21, 1992.

Revised Sept. 30, 1992.

Accepted for publication Oct. 7, 1992.

Reprint requests: Allergy and Clinical Immunology Service, De-
partment of Internal Medicine - DL.M.I., V.le Benedetto XV, 6,
16132 Genoa, Italy.

Copyright © 1993 Mosby~Year Book, Inc.

0091-6749/93 $1.00 + .10 1/1/43216

The eye is a common target of allergic reaction
either as the main focus of allergic disease or as a
concomitant event of respiratory allergy, and the con-
Jjunctival mucosa is largely exposed to environmental
allergens.'” Moreover, as with other target organs
(i.e., nose or bronchus) the eye represents an eligible
model in humans to study the pathophysiologic mech-
anisms of the allergic reaction, both during acute in-
flammation and after provocation test.** Conjunctival
provocation test (CPT) with allergeh is safe, simple,
reliable, and reproducible.'®"? It is used to diagnose
allergy, to study signs and symptoms associated with
the allergic reaction, to collect cells and mediators of
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Abbreviations used
CPT: Conjunctival provocation test
RAST: Radioallergosorbent test
SCPT: Specific conjunctival provocation test
AUR/ml:  Allergen unit by RAST (codified by
DHS, Bayropharm, Milan, Italy)
APAAP: Immunoenzymatic alkaline phospha-
tase-monoclonal antialkaline phos-
phatase
W-K: Wong-Kilburne human conjunctival
cell line
P. judaica: Parietaria judaica
ICAM: Intercellular adhesion molecule

the allergic response, to evaluate the effectiveness of
treatments, and to predict prognosis.* '*'* The im-
mediate conjunctival events consequent to CPT are
characterized by a clinical response concomitant with
a cellular infiltrate.> ™ ¢ Several factors contribute
to the local recruitment of inflammatory cells (i.e.,
neutrophils, lymphocytes, monocytes, and eosino-
phils).* % '7 These are the release of cytokines in the
microenvironment and the interaction between surface
molecules expressed on inflammatory cells (receptors)
and those on the potential target cells (ligand).'**'

A ligand for one of these adhesion receptors, LFA-
1 (CD11a/CD18) is intercellular adhesion molecule-
1 (CD54), a member of the immunoglobulin super-
gene family.” It is the main physiologic ligand of the
leukocyte integrin LFA-1, widely expressed on mono-
nuclear cells and granulocytes. The LFA-1/CD54 in-
tercellular adhesion system is involved in immuno-
logic reactions requiring intercellular contact.?

CD54 expression has been detected on inflamed
endothelium and epithelium®?; as to allergic inflam-
mation, CD54 is expressed on epithelial cells and
eosinophils of bronchial mucosa after allergen chal-
lenge in a primate model of asthma.?

The aim of the present study was to investigate the

possible expression of CD54 on epithelial cells from

conjunctival scrapings in basal conditions and after
specific conjunctival challenge in healthy subjects and
allergic patients.

SUBJECTS AND METHODS
Subjects

During off-pollen season we studied 30 subjects, 14
women and 16 men, between 20 to 45 years of age, selected
in two groups, 15 subjects in each group. Fifteen subjects
were healthy controls: they all had negative history of allergy
and negative skin prick test and RAST.

Fifteen subjects suffered from seasonal rhinoconjunctiv-
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itis as a result of Parietaria judaica (P. judaica). All allergic
patients had positive history (for at least 2 previous years),
positive skin prick test (more than + + +, histamine
+ + +), and RAST (more than class III) for specific al-
lergens.

On admission all subjects did not suffer from any eye or
respiratory disease and were not contact lens wearers. Al-
lergic patients were not treated with any kind of drug, topical
or systemic or both, in the preceding 6 weeks.

An informed consent according to the rules of our insti-
tution was obtained from each patient.

Allergens

The P. judaica extract (the same used for skin prick test,
provided by Bayropharm-DHS, Bayer Group, Milan, Italy)
stored as a lyophilized powder at 4° C, was reconstituted
in the diluent (saline human albumin) within 24 hours before
the test.

The concentration was expressed as allergen unit by
RAST (AUR)/ml; six concentrations (20, 60, 200, 600,
1200, and 2000 AUR/ml) were used.

Specific conjunctival provocation test
(SCPT)

Allergic patients underwent SCPT as follows: 10 ul of
allergen was administered to the lower conjunctival fornix
of the right eye. The initial allergen concentration used for
ocular challenge was the same as the end point skin test. If
no reaction was elicited every 20 minutes, the next more
concentrated allergen solution (following the above-men-
tioned concentration) was used until an ocular clinical hy-
persensitivity reaction was elicited.’* '

Healthy subjects underwent SCPT with use of the highest
allergen concentration (2000 AUR/ml).

Ten microliters of saline albumin diluent was adminis-
tered to the contralateral eye as control.

Clinical conjunctival evaluation and cytologic assessment
were established in both eyes at baseline and 30 minutes
after specific challenge.

Clinical evaluation

The clinical reaction was assessed as total symptom score
according to an arbitrary four-point rating scale, from 0 to
3 (0, absent; 1, mild; 2, moderate; 3, severe), increasing
for severity in both eyes on the basis of conjunctival hy-
peremia, lacrimation, itching, and burning. Signs were sep-
arately evaluated by two physicians (G.C. and S.B.), and
symptoms were spontaneously reported by the subject.’*
Total symptom score after challenge of more than 7 was
considered a positive response.

Cytologic assessment

Conjunctival scrapings for cytologic assessment were ob-
tained from both eyes at baseline and 30 minutes after chal-
lenge. After topical anesthesia (ossibuprocaine 4 mg/ml,
one drop each eye), the upper tarsal conjunctiva was scraped
with a sterile Kimura (Kimura Medical Instrument Co.,
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TABLE 1. Clinical features of subjects
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Skin prick RAST to Skin test
Age test P. judaica endpoint Conjunctival PD
Patient (yr) Sex to P. judaica {class) (AUR/ml) (AUR/ml)
Allergic patients
l 24 M +++ + 0% 20 600
2 21 M ++ + -+ 8% 60 600
3 34 F +++ + v 20 600
4 30 M ++++ v 10 600
5 20 M ++++ v 60 1200
6 27 F ++ + + v 20 600
7 42 F ++ + + v 3 880
8 45 F ++++ v 10 600
9 28 M ++++ v 60 4080
10 27 F +++ + v 20 600
11 41 M +++ + v 10 600
12 35 M ++ 4+ v 10 880
13 38 F ++++ v 20 600
14 24 F ++++ v 20 600
15 21 M ++++ v 10 600
Healthy individuals
16 26 M Neg 0 0 2000
17 42 F Neg 0 0 2000
18 20 M Neg 0 0 2000
19 25 M Neg 0 0 2000
20 34 F Neg 0 0 2000
21 36 M Neg 0 0 2000
22 37 F Neg 0 0 2000
23 27 F Neg 0 0 2000
24 28 M Neg 0 0 2000
25 39 F Neg 0 0 2000
26 40 F Neg 0 0 2000
27 20 M Neg 0 0 2000
28 22 M Neg 0 0 2000
29 27 M Neg 0 0 2000
30 31 F Neg 0 0 2000

Tokyo, Japan) spatula. Specimens were immediately spread
on glass slides and air dried.

Specimens were stained with May-Griinwald-Giemsa dye
and read by microscope (Leitz Laborlux [Leitz KG, E, Ham-
burg, Germany] microscope X 250, X 500 focus). The total
number of inflammatory cells including neutrophils,
eosinophils, lymphocytes, and monocytes was counted
for each microscopic field; the data are expressed as a
mean of 10 fields. The slides were examined by two in-
vestigators (G.P.P. and B.V.) masked to the identity of the
samples.'* **

Immunocytochemistry

Immunoenzymatic alkaline phosphatase-monoclonal an-
tialkaline phosphatase (APAAP) complex procedure modi-
fied from Cordell et al.** and Bagnasco et al.* was used.

Specimens were air-dried at room temperature for 30
minutes and incubated with a 1 : 50 dilution of purified CD54

MAb (1 mg/ml, 84H10, IgG, - Immunotech, Marseille,
France)* or a 1:100 dilution of anticytokeratin MAb
(«CK19, IgG,, DAKO, Milan, Italy) as a marker of epi-
thelial cells.” After washing in phosphate-buffered saline
pH 7.6, samples were incubated with rabbit antimouse-Ig,
followed by APAAP complex. Afterward, specimens were
incubated in substrate solution containing basic new fuchsin,
napthol as biphosphate, and levamisole as an inhibitor of
endogenous alkaline phosphatase (Sigma Chemical Co., St.
Louis, Mo.). In control samples either MAb or antimouse
Ig were omitted. As negative isotype control for CD54 stain-
ing on epithelial cells, an anti T lymphocyte (CD3) MAb
OKTS3, IgG,, (Ortho Diagnostic, Raritan, N.J.) at 1:20
dilution of the stock solution (provided by the manufacturer)
was used. The dilutions were established on the basis of
previous titration experiments. All preparations were coun-
terstained with Carazzi’s hematoxylin and examined by two
investigators masked to the identity of the samples.
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FIG. 1. Total symptom scores expressed as median value
(score range from 9.6 to 12 in P. judaica-sensitive individ-
uals in the two study groups (p < 0.001 for P. judaica-
sensitive individuals baseline vs SCPT).

CD54 expression on epithelial cells was expressed ac-
cording to a four-point rating scale from 0 to 4 where 0
represents no positive cells; 1, mild positivity on 25% of
epithelial cells; 2, mild positivity on 75% of epithelial cells;
3, intense positivity on 75% of epithelial cells; 4, very
intense positivity on all epithelial cells.

Statistical analysis

Statistical analysis of results was performed by Wilcoxon
rank sum test to test differences within groups.” A prob-
ability of 0.05 or less was considered statistically significant.

RESULTS

We used a sensitive immunocytochemical APAAP
technique to detect the possible expression of CD54
molecule on epithelial cells of conjunctiva in allergic
patients and healthy controls, both in basal conditions
and after challenge with P. judaica extract.

Table I reports clinical features of subjects included
in the study. At baseline healthy subjects and patients
with allergy caused by P. judaica did not evidence
any type of inflammatory cells in conjunctival scrap-
ings. The SCPT protocol we used proved to be ef-
fective and specific in eliciting a local response. On
challenge, all allergic subjects had an immediate hy-
persensitivity reaction (allergen concentration 600 up
to 2000 AUR/ml). The clinical reaction (hyperemia,
lacrimation, itching, and burning) appeared approxi-
mately 5 minutes after allergen instillation, peaked at
30 minutes, and partially subsided within 1 hour (score
from 9.6 to 12) (Fig. 1).

The scrapings from all allergic patients contained
a significantly greater number of inflammatory cells,
72% neutrophils, 16% eosinophils, 12% lymphocytes,
and 5% monocytes (score from 27 to 33) compared
with baseline (Figs. 2 and 3).

On the other hand, healthy subjects did not evidence
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FIG. 2. Total number of inflammatory cells expressed as
median value {score range from 27 to 33 in P. judaica-
sensitive individuals) in the two study groups (p < 0.001
for P. judaica-sensitive individuals baseline vs SCPT).

any clinical and cellular reaction after allergen chal-
lenge. The contralateral eye did not show any clinical
or cellular change in all challenged subjects after stim-
ulation with control solution.

As far as the epithelium is concerned, a relevant
number of epithelial cells were obtained by conjunc-
tival scrapings (up to 15 to 30 cells in each micro-
scopic field at X 250); all exhibited positive staining
with anticytokeratin MAb. The median values of in-
tercellular adhesion molecule (ICAM)-1 expression
score are reported in Fig. 4. At baseline healthy sub-
jects and patients with allergy caused by P. judaica
did not show any CD54 expression on epithelium
(Fig. 5).

After specific challenge, all allergic patients
showed a remarkable CD54 expression (p < 0.001)
compared baseline (Fig. 6); conversely, no CD54
expression was elicited in healthy subjects.

The kinetics of appearance of CD54 expression is
represented in Fig. 7. As clearly shown, relevant ep-
ithelial CD54 staining is apparent as early as 30 min-
utes after specific stimulus in allergic subjects.

The morphologic pattern of CD54 expression on
conjunctival epithelium was quite similar to cytoker-
atin (Fig. 6): both cell membrane and cytoplasm were
stained with a granular pattern, and similar patterns
were observed on dispersed as well as clustered cells
(Fig. 8). The intensity of staining was even higher
than cytokeratin in many CD54 positive scrapings. In
contrast, epithelial cells were not stained by isotype
control OKT3 MAD.

DISCUSSION

Several authors, including ourselves, have exten-
sively described the relevant changes occurring after
conjunctival challenge.* 8 '*1¢ In particular, this model
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FIG. 3. Granulocytic infiltrate after specific CPT in a P. judaica-sensitive individual { x 500).

has enabled the study of the relationship between the
clinical response and the infiltration of inflammatory
Cells.7' 11, 14, 15

As demonstrated in the asthma model, acute in-
flammation is a short-term process characterized by
edema and migration of granulocytes (neutrophils
and eosinophils) through the microvasculature to
the site of allergic reaction.? In contrast, chronic in-
flammation has a longer time span, and granulocytic
migration, mainly eosinophils, is accompanied by
lymphocyte and monocyte and macrophage infil-
tration.(" 9. 29-31

Several factors contribute to the process, such
as the IgE-dependent mediators released by mast
cells,> % 7 the release of soluble cytokines,' and the
interaction between adhesion molecules.”

In the present study we focused our attention on
one of these molecules, CD54, and provided the first
evidence of its expression on conjunctival epithe-
lium in humans. CD54 is a surface molecule with
immunoglobulin-like structure involved in intercel-
lular adhesion via interaction with the (3, integrin
LFA1.**% [t is deeply involved in the immune reac-
tions requiring cell-to-cell contact,*® as in leukocyte
and endothelial cell interactions and in intrathymic
maturation of T-cell precursors being expressed at
high level on thymic epithelial cells.?! 3*3*

As recently shown, the physiologic distribution of
CD54 includes fibroblasts, endothelial cells, thymic
epithelium, and astrocytes; it is weakly expressed on
resting T cells, B cells, and monocytes, but increases
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FIG. 4. ICAM-1 expression on conjunctival epithelial cells
expressed as median value (score range from 3to 4 in P.
judaica-sensitive individuals) in the two study groups
(p < 0.001 for P. judaica-sensitive individuals baseline vs
SCPT).

on activation.*** Its expression is upregulated by in-
terferon-gamma, tumor necrosis factor-alpha, and in
some cases interleukin-1 alpha and beta, > 4! all
cytokines involved in the inflammatory process. Dur-
ing inflammation CD54 expression is rapidly induced.
It is increased on hepatocytes in several forms of hep-
atitis, on keratinocytes in various dermatoses, on renal
tubular epithelium during renal allograft rejection, on
cerebral vascular endothelium in viral encephalitis and
multiple sclerosis plaques, and on thyroid epithelial
cells in autoimmune thyroiditis.***’

Recently Leung et al.” demonstrated the expression
of ELAM-1, another adhesion molecule on endothe-
lial cells of the skin, when triggered with allergen
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FIG. 5. Conjunctival epithelial cells in basal conditions in an allergic individual (x 500)

FIG. 6. Positivity for CD54 of conjunctival epithelium after allergen chalienge in an allergic individual { x 500).

(ragweed or dust mites) in individuals with respiratory
allergy. This finding further emphasized the role of
adhesion molecules in the locomotion of inflammatory
cells into the site of allergic reaction. The expression
of CD54 on epithelial cells may play a role in allergic
inflammation as well, by promoting the interactions
between inflammatory cells and the target organ.*s

In the present study both healthy individuals and
subjects sensitive to P. judaica do not constitutively
express CD54 on conjunctival epithelium. Of note,

the study was performed in the off-pollen season, so
that all allergic subjects were not exposed to the al-
lergen, and neither clinical signs and symptoms nor
cellular infiltration in conjunctival scrapings were ap-
parent. After allergen challenge of allergic subjects,
CD54 expression on conjunctival epithelium occurs
as an early event, appearing within 30 minutes after
specific stimulation and simultaneously with the in-
flammatory infiltrate (72% neutrophils, 16% eosino-
phils, 12% lymphocytes, and 5% monocytes) presum-
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FIG. 7. CD54 expression on conjunctival epithelial cells after allergen challenge at different times.
Results are expressed as positivity score (see text). *p < 0.001 versus baseline for allergic sub-
jects. No significant difference detected between 30 minutes and 6 hours of positivity.

ably because of local release of inflammatory media-
tors and/or cytokines from intraepithelial T
lymphocytes and mast cells.

It is of note that the appearance of CD54 is very
rapid (Fig. 7) compared with that on lymphocytes
after mitogen stimulation.** * Nevertheless, we ob-
tained experimental evidence that an identical phe-
nomenon occurs on nasal epithelial cells after aller-
gen-specific stimulation with the same kinetics (manu-
script in preparation). A possible concern may arise
about the appearance of CD54 on conjunctival epi-
thelium as a result of endogenous synthesis or to sol-
uble CD54 binding. However, we recently provided
evidences for CD54 expression on the continuously
cultured conjunctival cell line (W-K) in the absence
of any additional cell in culture.”® Moreover, Camp-
bell et al.* have recently shown that bronchial epi-
thelial cells in culture can express CD54, particularly
after histamine addition. Altogether, these data indi-

cate the endogenous origin of CD54 in conjunctival
epithelial cells.

The expression of CD54 after allergen exposure in
sensitized subjects confirms recent report of the con-
tribution of CD54 in the allergic reaction in a primate
model of asthma where a MAb to CD54 was able to
attenuate both eosinophil migration and airway re-
sponsiveness.”

These findings indicated that CD54 may play a cen-
tral role in the allergic inflammation and suggest that
maneuvers designed to decrease adhesion of inflam-
matory cells expressing LFA-1, such as lymphocytes,
eosinophils, and the like, may be a useful therapeutic
approach. Along these lines, Barnes™ suggested cell
adhesion blocker compounds as a new class of effec-
tive therapeutic agents in asthma. In vitro data have
recently shown that deflazacort, a new corticosteroid
compound, and cetirizine, a new third-generation anti-
histamine compound, exert a strong inhibitory effect
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FIG. 8. Positivity for MAbaCK-19 of conjunctival epithelial cells: both cell membrane and cytoplasm appear

stained with granular pattern { X 500).

on CD54 expression on epithelial cell lines in
culture.®®

The CD54 expression on epithelial cells as a result
of allergen challenge might suggest a direct involve-
ment of epithelial cells in the inflammatory process.
However, this phenomenon is presumably due to cy-
tokines released in the microenvironment and not to
a direct effect of the allergen on epithelial cells. More-
over, since the damage of epithelium proved to be a
relevant event in bronchial asthma, it is likely that
CD54 surface expression makes the epithelial cells
susceptible to the damage by offending cells such as
eosinophils and other cytotoxic cells.

It is interesting to note that no expression was de-
tected after allergen challenge in healthy subjects; this
phenomenon underlines the specificity of the aller-
genic stimulus in eliciting CD54 expression on con-
junctival epithelium. Also no CD54 expression was
detected in the contralateral eye in all subjects after
challenge. Previous reports showed an increase of neu-
trophils in scrapings taken from control subjects’s;
according to such authors, the recruitment of these
cells might be related to the trauma of repeated scrap-
ings. The present investigation shows that the trauma
of repeated scrapings is not a sufficient stimulus for
cellular recruitment and CD54 expression and, pre-
sumably, not able to induce an inflammatory response.

Our data fit very well with previous reports showing
that CD54 expression may be considered a sensitive
marker of inflammatory changes, because its presence
strictly correlates with the site and the severity of the
inflammatory process. +7

In conclusion, the conjunctival challenge test with
allergen may provide a useful model for investigating
further the role of CD54/LFA1 system in allergic in-
flammatory process. The test procedure has been dem-
onstrated to be safe and always well tolerated by the
patients, and can be easily repeated. Moreover, the
immunocytochemical procedure, although semiquan-
titative, provides clear-cut and reproducible experi-
mental data.
Further studies with use of the eye as an experi-
mental model are required to define the following:
(1) The kinetics of CD54 expression on conjunctival
epithelium in the development of the ocular re-
actions after allergen challenge

(2) The possible CDS4 expression on conjunctival
epithelium in allergic individuals during natural
allergen exposure, that is, throughout the year for
mite-sensitive subjects or during pollen season for
pollen-sensitive subjects. In addition, it will be
of interest to evaluate whether this parameter may
be affected by topical or systemic treatment with
steroid or antiallergic drugs.

We thank Dr. Rina Miriello for her skillful help in manu-
script preparation.
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Interleukin-2 and lymphocyte-induced
eosinophil proliferation and survival in

asthmatic patients

Jian Ping Yang, MD, and Paolo M. Renzi, MD* Montreal, Quebec, Canada

Background: Eosinophils are increased in the airways and blood of asthmatic patients.
However, the mechanism of regulation of eosinophilia is incompletely understood.

Methods: To study the potential effect of asthmatic lymphocytes on eosinophils, lymphocytes
Jfrom the blood of asthmatic patients in exacerbation, or from healthy subjects, were isolated
and cultured in medium alone (LC-CM) or with interleukin-2 (IL-2-CM) (125 U/ml), and the
effect of supernatant obtained from these cultures on eosinophil proliferation from progenitors
and survival was studied.

Results: IL-2-CM from asthmatic patients significantly increased eosinophil colony formation
from asthmatic blood but had no effect on colony formation from the blood of healthy subjects.
IL-2-CM from asthmatic patients also significantly prolonged the survival of eosinophils. IL-2
alone and IL-2-CM from healthy subjects had no effect on eosinophil proliferation and survival.
Asthmatic lymphocytes had more IL-2 receptors (CD25) than normal lymphocytes, and this
difference persisted even after culture in IL-2. However, upregulation of the CD25 receptor on
normal lymphocytes by incubation with concanavalin A led to the production of IL-2-CM, which
did not increase eosinophil proliferation from progenitors.

Conclusions: Lymphocytes from asthmatic patients but not from normal blood can significantly
increase eosinophil proliferation and survival. The effects on eosinophil proliferation do not
seem to be directly related to the presence of increased CD25 expression on lymphocytes.

(J ALLERGY CLIN IMMUNOL 1993,91:792-801.)
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Asthma is a chronic disease characterized by re-
versible airway obstruction and increased airway re-
sponsiveness. The histologic finding of airway inflam-
mation in association with the late airway response of
asthmatic patients to inhalational challenge with al-
lergen, and the link between late responses and airway
hyperresponsiveness, have led to the hypothesis that
inflammation is responsible for hyperresponsive-
ness.” > Among the inflammatory cells, eosinophils
seem to have an important role in asthma.’ * These
cells are present in increased numbers in the blood,
lung lavage fluid, and bronchial biopsies of asthmatic
patients.*® Eosinophils are activated in asthmatic pa-
tients and also can release enzymes and membrane-



