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Background: Allergic injlammation 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 injiltrate. Among the factors that 
can contribute to the local cellular recruitment, we postulate a possible early involvement of 
CD54 in the development of infiammation caused by the allergic reaction. 
Methods: We used a sensitive immunocytochemical immunoenzymatic alkaline 
phosphatase-monoclonal antialkaline phosphatase technique to detect the possible expression oj 
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 
@f-pollen season. 
Results: At 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 CDS4 on conjunctival epithelium, whereas none of healthy subjects showed any 
CD54 expression. First, CD54 expression on conjunctival epithelium after speciJc provocation 
test appeared as a specific phenomenon occurring only in sensitized subjects; moreover, it is an 
immediate event concomitant with the local injlammatory infiltrate. Therefore conjunctival 
epithelium unexpectedly appeared to be more than a bystander in the allergic reaction; it may 
be perceived as an active participant interacting with the injlammatov infiltrate. 
Conclusions: These jndings 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 injlammatory cells and epithelium may be a helpful 
therapeutic approach. (JALLERCY CLINIMMUNOL 1993;91:783-92.) 
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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- 
junctival mucosa is largely exposed to environmental 
allergens. l-2 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.4-9 Conjunctival 
provocation test (CPT) with allergen 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-Kilbume 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.3, 13-15 The im- 
mediate conjunctival events consequent to CFT are 
characterized by a clinical response concomitant with 
a cellular infiltrate.3, ‘3 WE Several factors contribute 
to the local recruitment of inflammatory cells (i.e., 
neutrophils, lymphocytes, monocytes, and eosino- 
phils) . 5, ‘. 9, I7 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).‘8-2’ 

A ligand for one of these adhesion receptors, LFA- 
1 (CD 11 a/ CD 18) 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 epithelium22~23; 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 l.~l of 
allergen was administered to the lower conjunctival fomix 
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.‘+ Is 

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 

Patient 
Age 
(vr) Sex 

Skin prick RAST to Skin test 
test P. judaica endpoint 

to P. judaica (class) (AUWml) 
Conjunctival PD 

(AUR/ml) 

Allergic patients 
1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 
14 
15 

Healthy individuals 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

24 
21 
34 
30 
20 
27 
42 
45 
28 
27 
41 
35 
38 
24 
21 

26 
42 
20 
25 
34 
36 
37 
27 
28 
39 
40 
20 
22 
27 
31 

M 
M 
F 
M 
M 
F 
F 
F 
M 
F 
M 
M 
F 
F 
M 

M 
F 
M 
M 
F 

M 
F 
F 
M 
F 
F 
M 
M 
M 
F 

++++ IV 20 600 
++++ IV 60 600 
++++ IV 20 600 
++++ IV 10 600 
++++ IV 60 I200 
++++ IV 20 600 
++++ IV 3 880 
++++ IV 10 600 
++++ IV 60 4080 
++++ IV 20 600 
++++ IV 10 600 
++++ IV 10 8X0 
++++ IV 20 600 
++++ IV 20 600 
++++ IV 10 600 

Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Nets 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
Neg 0 0 2000 
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. ‘+ Is 

lmmunocytochemistry 
lmmunoenzymatic alkaline phosphatase-monoclonal an- 

tialkaline phosphatase (APAAP) complex procedure modi- 
fied from Cordell et al.24 and Bagnasco et alZ5 was used. 

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

MAb (1 mgiml, 84H10, IgG, - Immunotech, Marseille, 
France)26 or a 1: 100 dilution of anticytokeratin MAb 
(cxCK19, 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 
lg were omitted. As negative isotype control for CD54 stain- 
ing on epithelial cells, an anti T lymphocyte (CD3) MAb 
OKT3, 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 FIG. 2. Total number of inflammatory cells expressed as 
(score range from 9.6 to 12 in /? judaica-sensitive individ- median value (score range from 27 to 33 in P. judaica- 
uals in the two study groups (p < 0.001 for P. jodaica- sensitive individuals) in the two study groups (p < 0.001 
sensitive individuals baseline vs SCPT). for P. judaicasensitive 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.*8 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 

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 epitbelial 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)-l 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 MAb. 

DISCUSSION 

Several authors, including ourselves, have exten- 
sively described the relevant changes occurring after 
conjunctival challenge.4~s~ 13-16 In particular, this model 
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FIG. 3. Granulocytic infiltrate after specific CPT in a f. judaica-sensitive individual ( x 500). 

has enabled the study of the relationship between the 
clinical response and the infiltration of inflammatory 
Cep&7. II, 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.26 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 6. 9. 29-31 

Several factors contribute to the process, such 
as the IgE-dependent mediators released by mast 
cells,‘, 8, I7 the release of soluble cytokines,” and the 
interaction between adhesion molecules. *O 

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 B2 integrin 
LFAI .32-35 It is deeply involved in the immune reac- 
tions requiring cell-to-cell contact,35-38 as in leukocyte 
and endothelial cell interactions and in intrathymic 
maturation of T-cell precursors being expressed at 
high level on thymic epithelial cells.21, 35-38 

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 

FIG. 4. ICAM- expression on conjunctival epithelial cells 
expressed as median value (score range from 3 to 4 in P. 
judaica-sensitive individuals) in the two study groups 
(p < 0.001 for P. judaica-sensitive individuals baseline vs 
SCPT). 

on activation.36-m Its expression is upregulated by in- 
terferon-gamma, tumor necrosis factor-alpha, and in 
some cases interleukin-1 alpha and beta,“. *‘, 41 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.42”7 

Recently Leung et al. 2’ 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 challenge 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.36B 38 

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.33. 38 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.48 Moreover, Camp- 
bell et a1.49 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. ‘O 

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, Barnes5’ 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- of coniunctival epithelial cells: both cell membrane and cytoplasm appear 
stained with granular pattern (x 500). 

on CD54 expression on epithelial cell lines in 
culture.48 

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 subjects16; 
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.26’ 42-47 

In conclusion, the conjunctival challenge test with 
allergen may provide a useful model for investigating 
further the role of CD54/LFAl 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) 

(2) 

The kinetics of CD54 expression on conjunctival 
epithelium in the development of the ocular re- 
actions after allergen challenge 
The possible CD54 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. 

REFERENCES 

1. Ciprandi G, Cerqueti PM, Sac& SC, Ciurlo G, Canonica GW. 
Non steroidal treatment of pollinosic conjunctivitis: compari- 
son of different pharmacological protocols. Allergy 
1991;46:393-5. 

2. Ciprandi G, Buscaglia S, Cerqueti PM, Canonica GW. Drug 
treatment of allergic conjunctivitis: a review of the evidence. 
Drugs 1992;43:154-76. 



J ALLERGY CLIN IMMUNOL 
VOLUME 91, NUMBER 3 

Ciprandi et al. 791 

3. Friedlaender MH. Current concepts in ocular allergy. AM Al- 
lergy 1991;67:5-13. 

4. Tuft L, Ettelson NK, Gupta K, Krenger C. Eye tests with 
inhalant allergens. J ALLERGY CLIN IMMLJNOL 1959;30:492- 
506. 

5. Naclerio RM, Proud D, Togias AG, et al. Intlammatory me- 
diators in late antigen-induced rhinitis. N Engl J Med 
1985;313:65-70. 

6. Machado LV, Stalenheim G, Malberg P. Early and late phase 
allergic bronchial reactions: physiological characteristics. Clin 
Exp Allergy 1986;16:111-7. 

7. Bonini Se, Bonini St, Bucci MG, et al. Allergen dose response 
and late symptoms in human model of ocular allergy. J AL- 
LERGY CLIN IMMUNOL 1990;86:869-76. 

8. Proud D, Sweet J, Stein P, et al. Inflammatory mediator release 
on conjunctival provocation of allergic subjects with allergen. 
J ALLERGY CLIN IMMUNOL 1990;85:896-905. 

9. Kay AB. Asthma and inflammation. J ALLERGY CLIN IMMUNOL 
1991;87:893-910. 

10. Moller C, Bjorksten B, Nilsson G, Dreborg S. The precision 
of conjunctival provocation test. Allergy 1984;39:37-41. 

11. Bonini Se, Bonini St, Berruto A, et al. Conjunctival provo- 
cation test as a model for the study of allergy and inflammation 
in humans. Int Arch Allergy Appl Immunol 1989;88: 144-8. 

12. Friedlaender MH. Conjunctival provocation test: a model of 
human ocular allergy. Tram Am Opbth Sot 1990;87:577-97. 

13. Scboeneich M, Pecoud AR. Effect of cetirizine in a conjunc- 
tival provocation test with allergens. Clin Exp Allergy 
1990;20:171-4. 

14. Ciprandi G, Buscaglia S, Iudice A, Canonica GW. Protective 
effect of terfenadine at different dosage on conjunctival prov- 
ocation test. Allergy 1992;47:309-12. 

15. Ciprandi G, Buscaglia S, Pesce GP, Marcbesi E, Canonica 
GW. Protective effect of loratadine on specific conjunctival 
provocation test. Int Arch Allergy Appl Immunol 1991;96: 
344-7. 

16. Bonini Se, Bonini St, Vecchione A, Naim DM, Allansmith 
MR, Balsano F. Inflammatory changes in conjunctival scrap- 
ings after allergen provocation in humans, J ALLERGY CLIN 
IMMLJNOL 1988;82:462-9. 

17. Howarth PH. Histamine and asthma: an appraisal based on 
specific Hl-receptor antagonism. Clin Exp Allergy 1990; 
2O(suppl 2):3 l-41. 

18. Editorial: Adhesion molecules in diagnosis and treatment of 
inflammatory diseases. Lancet 1990;336: 1351-2. 

19. Brown PH, Crompton GK, Greening AP. Proinflammatory 
cytokines in acute asthma. Lancet 1991;338:590-3. 

20. Wegner CD, Gundel RH, Reilly P, Haynes N, Letts LG, Roth- 
lein R. Intercellular adhesion molecule-l (ICAM-1) in the 
pathogenesis of asthma. Science 1990;247:456-60. 

21. Leung DYM, Poder JS, Cotran RS. Expression of endothelial- 
leukocyte adhesion molecule-l in elicited late phase allergic 
reactions. J Clin Invest 1991;87:1805-9. 

22. Makgoba MW, Sanders ME, Lute GEG, et al. ICAM- a 
ligand for LFA-I dependent adhesion of B, T and myeloid 
cells. Nature 1988;331:86-91. 

23. Dustin ML, Rothlein R, Bhan AK, Dinarello CA, Springer 
TA. Induction by IL-l and interferon-gamma: tissue distribu- 
tion, biochemistry and function of a natural adherence molecule 
(ICAM-1). J Immunol 1986;137:245-54. 

24. Cordell JL, Falini B, Erber WN, et al. Immunoenzymatic la- 
belling of monoclonal antibodies using immune complexes of 
alkaline phosphatase and monoclonal anti-alkaline phosphatase 
(APAAAP complexes). J Histochem Cytochem 1984;32:219- 
45. 

25. Bagnasco M, Caretto A, Olive D, Pedrini B, Canonica GW, 

Betterle C. Expression of intercellular adhesion molecule 1 
(ICAM-1) on thyroid epithelial cells in Hashimoto’s thyroiditis 
but not in Graves’ disease or papillary thyroid cancer. Clin 
Exp Immunol 1991;83:309-13. 

26. Olive D, Charmot D, Dubreuil P. Human lymphocytes func- 
tional antigens. In: Human T-cell clones. A new approach to 
immunoregulation. Feldman M, ed. Clifton, NJ: Humana 
Press, 1986:173-95. 

27. Moll R, Franke WW, Schiller DL, Krepler R. The catalogue 
of human cytokeratins: patterns of expression in normal epi- 
thelia, tumours and cultured cells. Cell 1982;31: 1 l-24. 

28. Wilcoxon F. Some rapid approximate statistical procedures. 
New York, American Cyanamid Company 1949: 13. 

29. Cockcroft DW. Therapy for airway inflammation in asthma. 
J ALLERGY CLIN IMMUNOL 1991;87:914-9. 

30. Lemanske RF, Kalimer MA. Late phase allergic reactions. In: 
Allergy: principles and practice. Middleton CE, Reed E, Ellis 
EF, Adkinson NF, Younginger JW, eds. St. Louis: CV Mosby, 
1988:224-46. 

3 1. Durham SR. The significance of late responses in asthma. Clin 
Exp Allergy 1991;21:3-7. 

32. Marlin SD, Springer TA. Purified intercellular adhesion mol- 
ecule 1 (ICAM-1) is a ligand for lymphocyte function-asso- 
ciated antigen-l (LFA-1) Cell 1987;51:813-7. 

33. Bierer BE, Burakoff SJ. T cell adhesion molecules. FASEB J 
1988;2:2584. 

34. Dustin ML, Springer TA. T cell receptor cross-linking tran- 
siently stimulates adhesiveness through LFA- 1. Nature 
1989;341:619-24. 

35. Larson RS, Springer TA. Structure and function of leukocyte 
integrins. Imm Reviews 1990;114:181-97. 

36. Krensky AM, Sanchez-Madrid F, Robbins E, Nagy JA, 
Springer TA, Burakoff SJ. The functional significance, distri- 
bution and structure of LFA-1, LFA-2 and LFA-3; cell surface 
antigens associated with CTL-target interaction. J hnmunol 
1983;131:64-71. 

37. Dougherty GJ, Murdoch S, Hogg N. The function of inter- 
cellular adhesion molecule-l (ICAM-1) in the generation of 
immune response. Eur J Immunol 1988;18:35-9. 

38. Makgoba K, Sanders ME, Shaw J. The CD2-LFA3 and LFAl- 
ICAMl pathways relevance to T cell recognition. Immunol 
Today 1989;10:417-22. 

39. Mentzer SJ, Bun&off SJ, Faller DV. Adhesion of T lympho- 
cytes to human endothelial cells is regulated by LFA-1 mem- 
brane molecule. J Cell Physiol 1986;126:285-90. 

40. Springer T. Adhesion receptors of the immune system. Nature 
1990;346:425-33. 

41. Ofosu-Appiah W, Warrington RJ, Morgan K, Wilkins JA. 
Lymphocyte extracellular matrix interactions. Induction of in- 
terferon by connective tissue components. Stand J Immunol 
1989;29:1517-21. 

42. Adams DH, Huhscher SG, Shaw S, Rothlein R, Neuherger 
JM. Intercellular adhesion molecule-l (ICAM-1) on liver al- 
lograft during rejection. Lancet 1989;2:1122-5. 

43. Volpes R, Van Den Oord JJ, Desmet VJ. Immunohystochem- 
ical study of adhesion molecules in liver inflammation. He- 
patology 1990; 12:59-65. 

44. Barker JNWN, Mitra RS, Griffiths CEM, Dixit UM, Nickoloff 
BJ. Keratinocytes as initiators of inflammation. Lancet 
1991;337:211-4. 

45. Faull RJ, Russ GR. Tubular expression of intercellular adhesion 
molecule-l during renal allograft rejection. Transplantation 
1989;48:226-30. 

46. Sobel RA, Mitchell ME, Fondren G. Intercellular adhesion 
molecule-l (ICAM-1) in cellular immune reactions in the hu- 
man central nervous system. Am J Path01 1990; 136: 1309- 16. 



Ciprandi et al. J ALLERGY CLIN IMMUNOL 
MARCH 1993 

47. W&man AP, Freeman M, Borysiewicz LK, Makgoba MW. J, Godard P. Bronchial epithelial cell activation in asthmatic 
Functional analysis of intercellular adhesion molecule-l ex- subjects: expression of surface markers and mediator release. 
pressing human thyroid cells. Eur J Immunol 1990;20:271-5. Advances in allergology and clinical immunology. Godard P, 

48. Canonica GW, Parodi MN, Pesce GP, Bagnasco M. Adhesion Bousquet J, Michel FB, eds. The Parthenon Publishing Group 
molecules on epithelial cells. Allergy Clin Immunol News Ltd, 1992:215-24. 
1991;(suppl. 1):28. 50. Barnes PJ. Future drug therapy for asthma. Clin Exp Allergy 

49. Campbell AM, Vignola AM, Chanez P, Michel FB, Bousquet 1991;21(suppl 1):80-5. 

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 
from 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 Ulml), and the 
effect of supernatant obtained from these cultures on eosinophil proltferation 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 signijicantly prolonged the survival of eosinophils. IL-2 
alone and IL-2-CM from healthy subjects had no effect on eosinophil proltferation 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 proltferation do not 
seem to be directly related to the presence of increased CD25 expression on lymphocytes. 
(J ALLERGY CLIN IMMJNOL 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.3. 4 These 
cells are present in increased numbers in the blood, 
lung lavage fluid, and bronchial biopsies of asthmatic 
patients.5-s Eosinophils are activated in asthmatic pa- 
tients and also can release enzymes and membrane- 


