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Enhanced Eosinophil Luminol-Dependent 
Chemiluminescence and Complement 
Receptor Expression by Platelet-Activating 
Factor and Interleukin-5 

Jaw-Ji Tsal, U-Nu Yu and Soo-Ray Wang 1 

Eosinophilia is associated with 
a wide spectrum of clinical disorders. 
These include immediate-type hyper
sensitivity and helminthic infec
tions. I Eosinophils share many bio
logical properties with neutrophils 
but also possess very distinct features. 
These include their content of large 
granules such as major basic protein 
(MBP), eosinophil cationic protein 
(ECP). eosinophil peroxidase (EPO) 
and.eosinophil derived neurotoxin 
(EDN). 1 Eosinophils are also able 
to release membrane deriyed sulphi
dopeptide leukotriene L TC4 and 
platelet-activating factor (PAF).2,3 
Eosinophil-derived products probably 
play an important role in the destruc
tion of helminthic larvae whereas in 
some situations. eg chronic bronchial 
asthma, the cell may be responsible 
for considerable tissue damage. 4 

Knowledge of eosinophil and eosino
phil-associated events is growing 
rapidly since a number of factors 
have been shown to selectively activate 
eosinophils. 

Interleukin-5 (IL-5) is a potent 
eosinophil differentiation factor 
which induces the selective differen
tiation and proliferation of eosino
phils from mononuclear cells (MNCs) 

SUMMARY The cytokine interleukin·S (IL·S) and the lipid mediator platelet· 
activating (actor (PAF) have both been shown to be involved in eosinophil differen
tiation and activation. We have measured and compared the effect of PAF and IL·S 
on human eosinophils in terms of their lumlnol·dependent chemiluminescence (CL) 
response and their expression of complement receptors, CR1 and CR3. Both IL·S 
and PAF enhanced the eosinophil CL response. The optimal concentrations were 
40 Ulml for IL·S, and 10.6 M for PAF. The priming effect of IL·S was slow and reached 
a maximal response after 90 minutes incubation. In contrast, the effect of PAF 
peaked early and declined during incubation. In the complement receptor study. 
only PAF was able to enhance CR3 expression (p <O.OS) while the effect of IL·S on 
eosinophil complement receptor expression was negligible. These results provide 
evidence that both inflammatory mediator (PAF) and cytokine (IL·S) can activate 
eosinophils but the effects of IL·S and PAF on eosinophil CL response appear to be 
distinct. The a~tivatlon of eosinophils by PAF and IL·S may occur through different 
mechanisms. 

of human umbilical cord blood 5and 
bone marrow cells. 6 IL-5 has also 
been reported to be selectively che
motactic for eosinophils with no 
effect on neutrophils and monocytes. 7 

PAF is a potent pro-inflammatory 
mediator, which causes PMN che
motaxis and degranulation in vitro. 9 

and when injected into human skin 
causes PMN and MNC cell accumu
lation. 9 P AF also appears to be a 
potent eosinophilotactic agent 10 

and is able to enhance bronchial 
hyperresponsiveness after inhala
tion in man. 11 

It has recently been reported 

that peripheral blood eosinophils 
during exacerbation of myalgia 
symptoms displayed characteristics 
of "activation". including hypodense 
phenotype and increased respon
siveness to P AF in vitro with respect 
to expression of CDllb surface ad
herence proteins. 12 It has also been 
demonstrated that IL-5 mRNA can 
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be elaborated by cells in the bronchial 
mucosa of a majority of mild asth
matics but not normal control. 13 

The amount of mRNA detected also 
correlated with the number of eosino
phils and activated T -lymphocytes 
in biopsies. Both P AF and IL-5 
may be of relevance to eosinophil 
activation. 

In order to compare and con
trast the difference in eosinophil 
activation by PAF and IL-5, we have 
investigated the effect of IL-5 and 
PAF on eosinophil activation by 
looking at their enhancement of 
(a) complement receptor (CRI and 
CR3) expression and (b) phago
cytotic activity as determined by 
luminol-dependent chemilumi
nescence. 

MATERIALS AND METHODS 

P AF, L-o: -phosphotidylcholine, 
~ -acetyl, 1-0-octadec-9-cis-enyl), 
(Sigma Chemical Co., St. Louis, 
MO, USA) was dissolved at 0.1 mM 
in RPMI-I640 (Gibco), aliquoted 
and stored at -70° C. IL-5, murine 
recombinant (Genzyme Corp., Boston 
MA, USA), was dissolved at 400 
Uiml in RPMI-I640, aliquoted and 
stored at -70°C. BN52021, PAF 
antagonist, was kindly given by Dr 
P Braquat. Anti-CRI and anti-CR3 
MAb were purchased from Becton 
Dickinson, Sunnyvale Inc., CA., 
USA. Metrizamide, tMLP, luminol, 
zymosan and FITC-conjugated F(ab) '2 
fragments of rabbit antibody to 
mouse Ig were purchased from Sigma 
Chemical Co. 

Opsonization of zymosan 

One hundred microgram of 
zymosan was washed twice with PBS 
for 10 minutes (1,600 x g, 20°C). 
The washed-zymosan was resuspended 
in 30 ml PBS and swelling in the 
boiling water bath for 60 minutes. 
After swelling, the zymosan was 
washed with PBS at 1,600 x g for 10 
minutes, then adjusted to 2 x 108Iml 
and stored at -70°C. For opsoniza
tion, fresh human serum was mixed 

with equal volume of zymosan and 
incubated at 37°C on a rock-and
roller for I hour. After incubation, 
the zymosan was washed twice with 
PBS (I,600xg, 10 minutes). The 
opsonized zymosan was resuspended 
to the original volume with PBS and 
stored at -70°C. 

Separation of eosinophils 

Human eosinophils were isolated 
from peripheral blood according to 
the method of Vadas et al. 14 Blood 
was obtained from patients attending 
a routine allergy clinic with either 
allergic rhinitis or bronchial asthma, 
who were found to have an eosino
philia between 5070 to 20% and total 
eosinophil count > 5OO/mm3, or 
from in-patients with hypereosino
philia admitted to our medical ward, 
Veterans General Hospital, Taipei. 
Blood with 10 Ulml of preservative
free heparin was mixed with 0.2 vol 
of 6% dextran 110. The plasmal 
leukocyte fraction was pipetted off 
after 30 minutes incubation at 37°C, 
and the cells were harvested by cen
trifugation at 250 x g for 10 minutes 
at 4°C and washed twice with RPMI
1640 containing 20 J.l.g/ml of deoxy
ribonuclease I. The cell pellet was 
resuspended in the same buffer at 
approximately 5 to 7 x 107 cells per 
ml and layered onto discontinuous 
gradients of metrizamide (18%, 
20%, 22%, 23%, 24% and 25% 
metrizamide in Tyrode buffer con
taining 0.1070 gelatin). Gradients 
were centrifuged at 1,200 x g for 
40 minutes at 2Q°C, and most eosino
phils were recovered from the 23%1 
24% interface (metrizamide densities 
1.123 to l.l29 g/m!) with a purity 
over 85%. In the low-density popu
lation, the contamination of neutro
phil was as high as 70% to 86% with 
smaller numbers of mononuclear 
cells. In the cases of patients with 
the hypereosinophilic syndrome 
an additional low-density eosinophil 
population was recovered from the 
20% and 22% metrizamide layers 
(metrizamide 1.107 and 1.118 glml). 

Chemiluminescence (CL) assay 

Measurement of the CL response 
was adapted from the method of 
Prendergast and Proctor. 15 Eosino
phils (2 x 106 cellslmI) were incubated 
with different concentrations of 
PAF or IL-5 for varying lengths of 
time in air with 5% C02 at 37°C 
and 100% humidity. Cell mixtures 
(100 J.l.l) were placed in the counting 
vials and maintained at 37°C in a 
Lumacounter 1251 (LKB Wallac, 
Turku, Finland). To activate eosino
phils, opsonized zymosan (2 x 1081 
ml, 100 J.l.l) and luminol (l0-4M, 
100 pI) were added to the cell mixture. 
CL was recorded as millivolts (mV) 
every 6 seconds in summation mode 
and the peak of CL response was 
regarded as the maximum of eosino
phil activation. RPMI-I640 was 
used as the baseline CL response. 
For the inhibition test, BN52021 
was added to eosinophils prior to 
the addition of P AF, luminol and 
opsonized zymosan. The eosinophil 
mixure was rapidly assayed for the 
CL response. 

Immunofluorescent staining and 
flow cytometry analysis 

Eosinophils were treated under 
the following conditions: (1) IL-5 
(40 U/ml), (2) PAF (l0-6M) and 
(3) buffer control for 90 minutes at 
37°C before staining for CRl or 
CR3. IgG I and IgG2a myeloma 
proteins were used for baseline con
trols of CRI and CR3. The details 
of immunofluorescent staining and 
FACS analysis have been published 
previously. 16 Briefly, eosinophiis 
(50 I!l, 5 x 105 cells), after treatment 
with IL-5 or PAF, were incubated 
with anti-CRt or anti-CR3 MAb 
for IS minutes at 4°C. Cells were 
washed once and fixed with FITC
conjugated F(ab)'2 fragments of 
rabbit antibodies to mouse Ig for 
15 minutes. Thereafter cells were 
washed once, fixed with 1 % para
formaldehyde, resuspended in 0.5 
ml of PBS containing 0.1 % wlv 
sodium azide, and stored at 4°C 
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before analysis. Mean fluorescence 
was measured by EPICS C flow 
cytometry (Coulter Electronic, Hia
leah, FL, USA). A total of 10,000 
cells was analysed in each sample. 

Statistical analysis 

A paired t-test was used to 
compare eosinophil CL response 
induced by PAF, IL-5 and buffer 
control. The data were expressed as 
the enhancement percentage of luminal
dependent chemiluminescence by 
eosinophils following PAF or IL-5 
stimulation, calculated using the 
following formula: 

CL experimental - CL control 
---=-----~..:..:.:;= x lOOOJo 

CL control 

CL experimental is the peak of 
chemiluminescence in the PAF
induced eosinophil CL response, CL 
control is the peak of chemilumines
cence in the buffer-induced eosino
phil CL resposne. 

RESULTS 

Time course and dose response of 
P AF and IL-S on eosinophil CL 
response 

The time course of CL response 
in eosinophils induced by P AF and 
IL-5 was different. Following P AF 
stimulation, the CL response imme
diately reached a maximal degree 
and declined rapidly to baseline within 
30 minutes (Fig. I). Following IL-5 
stimulation, the reaction decreased 
rapidly after 30 minutes incubation, 
then increased gradually and reach 
a plateau up to 90 minutes (Fig. 1). 

The dose responses of CL in
duced by PAF and IL-5 were tested 
over different incubation periods, 
ominutes for PAF and 90 minutes 
for IL-5. Both P AF and IL-5 were 
able to enhance eosinophil CL res
ponse in a dose-related manner. 
The optimal dose of PAF and IL-5 
to enhance CL response were 10-6 

M and 40 U/ml, respectively (Fig. 2). 
Both normal density and hypodense 
eosinophils from the same individual 
were investigated in this study; the 

results showed that hypodense eosino
phils gave higher CL responses than 
those of normal density eosinophils 
induced by PAF (1,856 m V, 1,323 
mV vs 83.4 mY, 121 mY, n = 2), 
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The effect of PAF and IL-S on eosino
phil CL response 

Eosinophils were incubated 
with PAF (l()'"6 M) or IL-5 (40 U/ml) 
for 0 minutes and 90 minutes, res-

o~__~____~____~__~____ _ 
o 30 60 90 
INCUBATION TIME ( MIN 

Fig. 1 	 Time course of the effect of PAF and IL·5 on eosinophil CL res· 
ponse. A: Eosinophils were incubated with 10-6M PAF (.) or RPMI 
(4) for varying length of time. Luminol and opsonized zymosan 
were added to facilitate CL response. Results were expressed 
as mean::l: SEM of mV of seven experiments <* p <0.05). B: Eosi· 
nophils were incubated with 40 Ulm11L·5 (.) or RPMI ( .. ) for varying 
length of time. Luminol and opsonized zymosan were added to 
facilitate CL response. Results were expressed as mean ::I: SEM 
of mV of 5 experiments. 
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Fig. 2 	 Dose response of the effect of PAF and IL·S on eosinophil CL 
response. A: Eosinophils were incubated with various concen. 
trations of PAF (10-6 to 10.9 M). fmLP (10-7 M) and RPMI were 
used as controls. Luminol and opsonize9 zymosan were added 
to facilitate CL response. Results were expressed as mean ± 
SEM of percent enhancement of 5 experiments (p< 0.05). 
B: Eosinophils were incubated with various concentrations of 
IL-5 (5 to 40 Ulml) for 90 min. Eosinophils, preincubated with 
RPMI for 90 min, were stimulated with PAF (10-6 M) as a positive 
control. Luminol and opsonized zymosan were also added to 
facilitate CL response. Results were expressed as mean ± SEM 
of percent enhancement of 4 eXperiments (' p< 0.05). 

CONCENTRATION OF PAF (M) 

B 

1 	 * 

pectively, followed by stimulation 
with luminol and opsonized zymosan; 
RPMI was used as baseline control. 
In the 0 minutes incubation, PAF 
stimulation resulted in a great enhance
ment of CL response, which was four 
times as high as that obtained by IL-S 
stimulation or in buffer (RPM I) 
control (Fig. 3). In the 90 minutes 
incubation, IL-S stimulation resulted 
in a great enhancement of CL res
ponse; when eosinophils were in
cubated with PAF for 90 minutes, 
only mild enhancement of CL res
ponse was noted when compared 
with buffer control (Fig. 3). Sequen
tial treatment of eosinophils with 
IL-S and PAF was also evaluated. 
Results obtained from three separate 
experiments showed that eosinophils 
preincubated with IL-S for 90 minutes, 
followed by stimulation with PAF 
obtained 7S2±2Sl mY, repeated 
activation by IL-S (IL-S 90 minutes, 
IL-S 0 minuts) gave 466±247 mY, 
buffer control (IL-S 90 minutes, 
RPMI 0 minutes) gave 414±249 mY. 

Effect of BN5202t on PAF-induced 
eosinophil CL response 

BNS202l, a specific PAF anta
gonist, inhibited the P AF-induced 
eosinophil CL response in a dose
dependent manner (Fig. 4). Results 
showed BNS2021 can significantly 
inhibit the P AF-induced CL-res
ponse at concentrations of O.S mM 
and 1 mM in 4 experiments. 

Effects of PAF and IL-5 on the 
expression of complement receptors 
(CRt and CR3) on eosinophils 

PAF significantly enhanced 
CR3 expression on eosinophils. Its 
effect on CR1 expression was negli
gible. CRl and CR3 expression on 
eosinophils were not enhanced by 
IL-S (Table 1). 

DISCUSSION 

In this study, we demonstrated 
that both P AF and IL-S can enhance 
eosinophil luminol-dependent CL 
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Fig. 3 The effect of PAF and IL·5 on eosinophil CL response. A: The 
immediate effect of PAF and IL·5 on eosinophil CL response. 
Eosinophils pretreated with PAF (10.6 M) or IL·5 (40 U/ml), then 
immediately stimulated with luminol and opsonized zymosan. 
Results were expressed as mean ± SEM of mV of 5 experiments 
(' p< 0.05). B: The late effect of PAF and IL·5 on eosinophil 
CL response. Eosinophils, preincubated with PAF (10.6 M) or 
IL·5 (40 U/ml) for 90 min at 37°C, then stimulated with luminol and 
opsonized zymosan. Results were expressed as mean ± SEM 
of mV of 5 experiments (p < 0.05). 

response. The duration of action 
was prompt and declined rapidly 
for PAF, however it was slow and 
increased gradually for IL-S. PAF, 
but not IL-S, was able to enhance 
the expres5ion of complement receptor 
CR3 on eosinophils. There was also 

a further activation by P AF on IL-S
pretreated eosinophils. 

In addition to stimulation of 
eosinophil proliferation, previous 
reports have indicated that IL-S is 
an activator of human eosinophil 
but not neutrophil function. IL-S 

can activate eosinophil phagocytosis 
of opsonized yeast, with production 
of reactive oxygen intermediates, 17 

and also appears to be a selective 
eosinophil chemoattractant. 7 In 
this report, we have demonstrated 
that IL-S could activate eosinophil 
phagocytosis of opsonized zymosan, 
with production of oxygen radicals 
as determined by Lumacounter. 
Neither CRI nor CR3 complement 
receptor expression was enhanced 
by IL-S. These results suggest that 
IL-S-induced enhancement of eosino
phil CL response was not mediated 
by complement receptors, CRI or 
CR3. 

It has been reported that the 
adhesion glycoprotein molecules 
(Mac-I, LFA-I, PlS0,95) playa 
role in a variety of leukocyte func
tions including adhesive-dependent 
phagocytosis. Although Mac-I (CR3) 
may not be the sole factor responsible 
for phagocytosis, CR3 has been 
suggested to play a major role in 
granulocyte adherence. 18 In our 
results, P AF enhanced eosinophil 
CR3 expression by less than 10%, 
while P AF-enhanced CL response 
was as high as 293 ± 35070. It is un
likely that the trivial increase of CR3 
receptor number on the eosinophil 
surface could account for the effect 
of PAF on CL response. The dis
parity between enhanced expression 
of CR3 receptor on the cell surface 
and the increased adherence following 
P AF stimulation was also noted by 
other investigators. 17,18 These results 
suggest that P AF enhancement of 
phagocytosis was only partially, if 
at all, due to an increase in CR3 
expression. Mediator induced 
changes in receptor affinity may be 
more important but were not assessed 
in the present study. 

P AF is a potent chemotactic 
agent for human eosinophils, lOand 
is also able to enhance eosinophil 
cytotoxicity against schistosomula 
of Schistosoma mansoni pre-coated 
with C3b and specific antibody. 18,19 

We have demonstrated that PAF can 
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of inflammatory mediator (P AF 
and leukotrienes) from these cells 
results in tissue damage and may 
contribute to further inflammation. 24 

Our results suggest that P AF and IL-5 
might act sequentially on eosinophils. 
It has also been reported that IL-5 
can prolong the survival of eosino
phils 25 and prime eosinophils "for 
further activation by P AF. 17 These 
results indicate that PAF and IL-5 
could elaborate a wide variety of 
actions on eosinophils which might 
be important in the pathogenesis of 
eosinophil related diseases such as 
bronchial asthma. 
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Fig. 4 	 Inhibition of the effect of PAF on eosil1ophil CL response by 
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of PAF (10.6 M), and eosinophil. Luminol and opsonized zymosan 
were added to facilitate the CL response. Results were expressed 
as mean:t SEM of percent enhancement of four experiments 
(p< 0.05). 

greatly enhance the eosinophil CL 
response, an effect which is inhibited 
by specific PAF antagonist BN 52021, 
suggesting that P AF is a potent eosino
phil activator and its effect might 
be through a P AF specific receptor 
on eosinophils. PAF-induced eosino
phil CL response was short-lived 
and declined rapidly during incubation 
{Fig. I). The CL light remission 
represents a cellular "respiratory 
burst" which is dependent on pero
xidase. 20,21 The rapid release of 
eosinophil peroxidase by eosinophils 
following P AF treatment has also 
been reported by Kroegel et al. 22 

These results indicated that the rapid 
effect of P AF-induced eosinophil 
CL response might be partially due 
to the release of eosinophil peroxidase. 
In addition to its chemotactic and 
stimulatory activities on eosinophils. 
P AF itself can be produced in a con
siderable amount by eosinophils. 
This suggests that P AF may be a 
critical factor in the recruitment and 

activation of eosinophils in the human 
asthmatic airway. 

IL-5 had an enhancing effect 
on eosinophil CL response without 
any increase in CR3 receptor ex
pression. In contrast, PAF had 
enhancing effects on both CL res
ponse and CR3 receptor expression 
and further activation of IL-5 pre
treated eosinophils. These result 
suggest that IL-5 and PAF activate 
eosinophils through separate me
chanisms. More detailed investigation 
of the subcellular pathways of acti
vation is needed to clarify the precise 
mechanisms. 

It is now widely accepted that 
chronic mucosal inflammation plays 
an important role in the pathogenesis 
of asthma. Evidence from the report 
of Kay et al suggested that T-Iym
phocyte activation and lymphokine 
(lL-3, IL-4 and IL-5) production 
bring about local accumulation and 
activation of eosinophils. The release 

REFERENCES 

I. 	 Gleich GJ. Current understanding of 
eosinophil function. Hospital practice 
1988; 15: 97-120. 

2. 	 Shaw RJ, Walsh GM. Cromwell 0, 
Moqbel R, Spry CJF. Kay AB. Activated 

human eosinophils generated SRS-A 
leukotrienes following IgG·dependent 
stimulation. Nature 1985; 316 : 150-2. 

3. 	 Jouvin-Marche E, Crzych JM, Booullet 
C, Capron BM. Benveniste J. Formation 
of P AF-acether by human eosinophils 
Fed. Proc 1984; 43: 1924 (Abstr.) 

4. 	 Ayars GH, Altman LC, Gleich GJ. 
Loegering DA. Baker CB. Eosinophil 
and eosinophil-mediated pneumocyte 
injury. J. Allergy Clin Immunol 1985; 

76 : 595·604. 

5. 	 Saito H, Hatake K, Dvorak AM. Leifer
man KM. Donnenberg AD, Arai N, 
Ishizaka K, Ishizaka T. Selective dif
ferentiation/proliferation of hemato
poietic cells induced by recombinant 
human interleukins. Proc Nat! Acad Sci 
USA 1988; 85 : 2288-92. 

6. 	 Warren DJ, Moore MAS. Synergism 
among interleukin 1, interleukin 3 and 
interleukin 5 in the production of eosino· 



11 PAFAND IL·5 EFFECTS ON EOSINOPHILS 

phils from primitive hemopoietic stem 
cells. 1 Immunol1988; 140: 94-9. 

7. 	 Wang 1M, Rambaldi A, Biondi A, 
Chen ZG, Sanderson C1, Mantovani A. 
Recombinant human interleukin 5 is a 
selective eosinophil chemoattractant. 
Eur 11mmuno11989; 19: 701-5. 

8. 	 Goetzl E, Derian CK, Tauber AI and 
Valone FH. Novel effect of I-O-hexadecyl-
2-acyl-SN ·glycero-3- phosphory Icholine 
mediators of human leukocyte function: 
delineation of the specific roles of the 
acyl substiments. Biochem Biophys 
Res Comm 1980; 94: 881-8. 

9. 	 Archer CB, Page CP, Morley J and 

MacDonald DM. Accumulation of inflam
matory ceUs in response to intracutaneous 
platelet activating factor (PAF-acether) 
in man. Br J Dermatol 1985; 112 :285-90. 

10. 	 Wardlaw AI, Moqbel R, Cromwell 
0, Kay AB. Platelet-activating factor. 
A potent chemotactic and chemokinetic 

factor for human eosinophils. 1 Clin 
Invest 1986; 78: 1701-6. 

II. 	 Cuss FM, Dixon CM, Barnes P J. Effect 
of platelet-activating factor on pulmonary 
function and bronchial responsiveness 
in man. Lancet 1986; 2: 189-92. 

12. 	 Bochner BS, Friedman B, Krishnaswami 
G, Schleimer RP, Lichtenstein LM, 
Kroege\ C. Episodic eosinophilia-myalgia
like syndrome in a patient without L
tryptophan use: association with eosino
phil activation and increased serum levels 

of granulocyte-macrophage colony
stimulating factor. 1 Allergy Clin 
Immunoll991; 88: 629-36. 

13. 	 Hamid Q, Azzawi M, Ying S, Moqbel 
R, Wardlaw A1, Corrigan CJ, Bradley 
B, Durham SR, Collins 1V, leffery 
PK, Quint Dl, Kay AB. Expression of 

mRNA for interleukin-5 in mucosal 
bronchial biopsies from asthma. 1 Clin 
Invest 1991; 87: 1541-6. 

14. 	 Vadas MA, David JR, Butterworth AE, 
Pisani NT, Siongok TA. A new method 
for purification of human eosinophils 
and a comparison of the ability of these 
cells to damage schistosomula of Schis
tosoma mansoni. J Immuno! 1979; 122: 
1228·36. 

15. 	 Prendergast E, Proctor RA. Simple pro
cedure for measuring neutrophil chemi
luminescence. J Clin Microbiol 1981; 
13 : 390-2. 

16. 	 Tsai 11, Cromwell 0, Maestrelli P, 
O'Hehir R, Moqbel R, Kay AB. Leu
kotriene release enhancing factor. Puri
fication specific allergen induction, 
and further biologic properties. J Immunol 
1989; 142: 1661-8. 

17. 	 Lopez AF, Sanderson CJ, Gamble JR, 
Campbell HD, Young IG, Vadas MA. 

Recombinant human interleukin 5 is 
a selective activator of human eosino
phil function. 1 Exp Med 1988; 167: 
219-24. 

18. 	 Walsh GM, Hartnell A, Moqbel R, 
Cromwell 0, Napy L, Bradley B, Furitsu 
T, Ishizaka T, Kay AB. Receptor ex
pression and functional status of cultured 
human eosinophils derived from um
bilical cord blood mononuclear cells. 
Blood 1990;76: 105·11. 

19. 	 Kimani G, Tonnesen MG, Henson PM. 
Stimulation of eosinophil adherence to 
human vascular endothelial cells in vitro 
by platelet-activating factor. J Immunol 
1988; 140: 3161-6. 

20. 	 ShuIt PA, Graziano FM, Busse WW. 
Enhanced eosinophil luminol-dependent 
chemiluminescence in allergic rhinitis. 1 
Allergy Clin Immunol 1986; 77 : 702-8. 

21. 	 Bruynzeel PL, Koenderman L, Kok PT, 
Hameling ML, Verhagen J. Platelet
activating factor (PAF-acether) induce 
L TC4 formation and luminol dependent 
chemiluminescence by human eosinophils. 
Pharmacol Res Commun 1986; 18 : 
(suppl) 61-9. 

22. 	 Kroegel C, Yukawa T, Dent G, Venge 
P, Chung KF, Barnes Pl. Stimulation 
of degranulation from human eosino
phils by platelet-activating factor. 1 
Immunol1989; 142: 3518-26. 

23. 	 Lee TC, Lenihan DJ, Malone B, Ruddy 
LL, Wasserman SI. Increased biosynthesis 
of platelet-activating factor in activated 
human eosinophils. J BioI Chern 1984; 
259 : 5520-30. 

24. 	 Kay AB, Ying S, Varney V, Gega M, 
Durham SR, Moqbel R, Wardlaw AI, 

Hamid Q. Messenger RNA expression 
of the cytokine gene cluster IL-3, IL-4, 
IL-5 and GM-CSF in allergen-induced 
late phase cutaneous reactions in atopic 
subjects. J Exp Med 1991; 173 : 775-8. 

25. 	 Rothenberg ME, Owen WF, Silberstein 

DS, Soberman RJ, Austen KF, Stevens 
RL. EosinophiIs cultured with endothelial 
cells have increased survival and func
tional properties. Science 1987; 237: 645-7. 




