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PARASITIC infections are often associated with eosinophilia and
high levels of immunoglobulin E (IgE). This observation has led
to speculation that eosinophils and IgE may act together in the
immune response against parasites. In support of this hypothesis,
IgE and eosinophils participate in cytotoxic reactions directed
against Schistosoma mansoni larvae in vitro". Furthermore, epi-
demiological studies have shown an inverse correlation between
levels of specific IgE and rates of infection with Schistosoma™>.
The low-affinity IgE receptor (FceRII/CD23) was first incrimi-
nated in eosinophil activation®”. The fact that the high-affinity IgE
receptor (FceRI)®” is not only expressed on mast cells and baso-
phils but also on Langerhans cells'™"" led us to investigate the
presence of FceRI on eosinophils. Here we show that FceRI is
expressed on eosinophils from hypereosinophilic patients, is
involved in eosinophil degranulation, and participates in eosinophil-
mediated cytotoxicity against S. mansoni. Our results indicate
that FceRI may play a major part in immune defence against
parasites.

Highly purified eosinophils from hypereosinophilic patients
were incubated with '“I-labelled monomeric human IgE
together with increasing concentrations of the anti-FceRI a-
chain monoclonal antibody 15-1 (ref. 10) or with a control anti-
body, and the cell-bound radioactivity counted. The monoclonal
antibody 15-1, but not the isotypic control antibody, induces a
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dose-dependent inhibition of monomeric IgE binding (Fig. 1).
At the higher dose of 15-1 (50 pg ml™', inhibition is comparable
to the inhibition seen with 1 mg ml™' of unlabelled human IgE.
Under the same conditions, ] mgml™" of human IgG did not
inhibit IgE binding, whereas 15-1 was not able to inhibit the
binding of '*’I-labelled human IgG (data not shown). We then
used flow cytometry to confirm the surface expression of FceRI
a-chain on the eosinophils. The FceRI™ human basophil cell
line KU812 served as a positive control. As expected, 90% of
the KUS812 cells stain positively with 15-1 (Fig. 2a) but not with
control antibody. Under the same conditions, positive staining
is detected on 13-73% of cells in purified eosinophil preparations
(Fig. 2b,c). This percentage varies according to individual
donors and is equivalent to binding of IgE (Fig. 2c). Immuno-
staining experiments with 15-1 were also performed on cyto-
centrifuged KUB812 cells or purified blood eosinophil
preparations. Positive staining is again found on KU812 cells
(Fig. 2d), as well as on some eosinophils (Fig. 2f). In contrast,
no staining is detectable with the control antibody (Fig. 2e-g).
Moreover, combined immunostaining of tissue eosinophils with
15-1 and an antibody against eosinophil cationic protein (ECP)
shows that the 15-1-positive cells are eosinophils (Fig. 24, i).
Taken together, these data demonstrate that eosinophils from
these patients can bind monomeric IgE through the FceRI a-
chain and that expression of FceRI varies between individuals.

We next investigated whether transcripts for the FceRI a-
chain'>"®, which contains the binding site for IgE'*“'®, could be
detected by northern blotting in the control cell line KU812 or
in the highly enriched eosinophil preparations. As expected, a
1.2-kilobase (kb) transcript is readily detected in KUS812 cells
(Fig. 3a). Eosinophils from all patients express transcripts of
similar size, but with variable abundance according to the indi-
vidual donor (Fig. 3a, lanes 2-5). No transcript is detected in
preparations of lymphocytes or neutrophils (Fig. 35, lanes 2-5),
which may contaminate the eosinophil preparations. Further-
more, a similarly sized mRNA is also detected in butyrate-
treated HL60 cells, which differentiate towards eosinophils'®'’
(Fig. 3b, lanes 6 and 7), but not in untreated cells (Fig. 3a, lane
6; Fig. 3b, lane 8). This is remarkable not only because FceRI
a-chain transcripts are expressed in an eosinophil cell line, but
also because this expression can be regulated.

FceRlI is a tetrameric structure composed of an IgE-binding
a-chain, a B-chain and two disulphide-linked y-chains®®. We
tested for the presence of - and y-transcripts in our eosinophil
preparations. As in basophils, the amount of S-chain mRNA is
much less than for a-chain'®, so the polymerase chain reaction

FIG. 1 Inhibition of **°|-IgE binding to human eosinophils by anti-FceRI
a-chain monoclonal antibody (mAb) 15-1.

METHODS. Human eosinophils were purified from the venous blood of
patients with eosinophilia, associated mainly with idiopathic hypereosi-
nophilic syndrome (HES), skin diseases or lymphomas, by centrifugation
on discontinuous 18-25% (w/v) metrizamide gradients (Nyegaard,
Norway) as described?®. The degree of purity of eosinophil populations,
estimated after staining with Giemsa, was between 85 and 99%.
Human IgE myeloma protein PS (gift from H. L. Spiegelberg) was
radioiodinated by the chloramine-T technique’ to a specific activity of
1x10° c.p.m. per ug. Purified human eosinophils (3.3 x 10° cells per
ml) were incubated with **’I-labelled ISE myeloma protein (1 pg mi™%)
in a total volume of 60 pl for 90 min at 4 °C in the presence of various
concentrations of anti-FceRl a-chain mAb 15-1, or isotypic control mAb,
or human IgE myeloma protein PS, or normal human 1gG (Sigma). Cells
were then centrifuged through sucrose gradients and cell-associated
radiolabelled IgE was measured in a y-scintillation counter. All results
obtained with anti-FceRl a-chain mAb 15-1 or control antibodies are
presented as mean percentages of inhibition +s.e.m. by comparison to
those obtained with unlabelled IGE (n=4 experiments). In two experi-
ments, the average numbers of receptors per eosinophil were estimated
to be 84,000 and 73,000 respectively.
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(PCR) was used to detect f-chain mRNA. The amplified prod-
ucts obtained from eosinophils, KU812 cells and, remarkably,
from butyrate-treated HL60, revealed the size bands predicted
for FceRI B- and y-chains (Fig. 3¢, d). The specificity of the
fragments was confirmed by restriction enzyme analysis (data
not shown) and Southern blotting, with internal oligonucleotides
specific for each subunit (Fig. 3e, /). Thus, eosinophils and

FIG. 2 Surface expression of FceRl a-chain on eosino-
phils. Flow cytometric analysis with mAb 15-1 (right curve)
and an IgG1 isotype control (left curve); a, human baso-
philic cell line KU812; b, purified eosinophils; ¢, individual
results of different hypereosinophilic patients. Immuno-
staining of cytocentrifuged KU812 cells (d, €) and of puri-
fied eosinophils (f, g) with mAb 15-1 (d, f) or with an IgG1
isotype control (e, g). Staining of tissue eosinophils with
anti-mAb 15-1 (h) and anti-ECP (j).

METHODS. For the detection of surface FceRl a-chain,
10° eosinophils were incubated with anti-FceRl a-chain
mAb 15-1, or IgG1 control antibody, or IgE-PS at a final
concentration of 50 pg mi~* in PBS for 1 h at 4 °C. After
washing with PBS and incubation with the corresponding
FITC-conjugated anti-Ig antibody Fab’s fragments (1/40
final dilution) for 30 min at 4 °C, cells were fixed and ana-
lysed in an Orthocytofluorograph 50H (Ortho Diagnostics)
as described’; the per cent positive cells in the peak of
fluorescence for each individual patient was plotted as a
single point for comparison (c). Immunostaining was done
as follows: cytopreparations and cryostat sections fixed
in 4% paraformaldehyde were incubated with mAb 15-1
(1:50 dilution) and developed by the APAAP method*°.
Counterstaining was with haematoxylin. Skin biopsy spec-
imens were obtained from patients with atopic dermatitis.
The same skin sections were further incubated with anti-
ECP antibodies at 1:50 dilution for 2 h and then treated
for 1 h with FITC-conjugated anti-rabbit IgG (Cappel) at
1:50 dilution.
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differentiated HL-60 cells express a-, - and y-transcripts.
Effector functions of eosinophils appear to be primarily medi-
ated by the release of granule proteins'’. Moreover, IgE-depen-
dent activation of eosinophils from patients with parasitic
infections or with allergic diseases can lead to the selective release
of eosinophil peroxidase (EPO) but not ECP***'. We therefore
investigated whether crosslinking of FceRI could induce EPO
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FIG. 3 Presence of FceRl a-, - and y-chain transcripts in
eosinophils. a and b, Northern biot hybridization of total RNA

with a human FceRl a-chain probe. a, Lanes: 1 and 7, human
pasophilic cell line KU812; 2-5, highly purified eosinophils from

4 different eosinophilic patients; 6, undifferentiated HL60 celis.

b, Lanes: 1, KU812 cells; 2, purified lymphocytes from hyper-
eosinophilic patient; 3 and 4: purified eosinophils, as in lanes

3 and 4 in a; 5, highly purified neutrophils from eosinophilic
patient; 6 and 7, butyrate-induced HLEO cell line, at 7 and 3

days respectively; 8, undifferentiated HLB0O cells. ¢ and e,
Reverse transcriptase (RT)-PCR and Southern blot analysis of

FceRl B-subunit. Lanes: 1, negative control (no ¢cDNA); 2 and

6, purified eosinophils; 3, KU812; 4, undifferentiated HL60

cells; 5, differentiated HLB0 cells. d and f, RT-PCR and Sou-

thern blot analysis of FceRl y-subunit. Lanes: 1 and 4, purified
eosinophils; 2, differentiated HL60 cells; 3, undifferentiated c
HLE0 cells; 5, KU812 cells; 6, negative control (no cDNA).
g, RT-PCR with §-actin primers.

METHODS. Neutrophil preparations: patient neutrophils were
obtained from the venous blood of patients with hypereosino-
philia by centrifugation through discontinous metrizamide
gradients®®. Cell cutture: a sub-line of the HLEO cell line (clone

15; gift from J. Tavernier (Roche Research, Gent, Belgium) was e

maintained in RPMI 1640 medium supplemented with 10%
FCS and 25 pg mi~* gentamicin. For induction, cells were incu-
pated at 2 x 10° per ml with 0.5 mM sodium butyrate for 7
days'’. For northern blot analysis, 10 pg total RNA was used

per jane®. The BamHI-Xhol fragment of the human FceRl a- g

chain cDNA was used as the probe. RT-PCR: total RNAs from
eosinophils, KU812 and HL60 cell line were reverse-
transcribed and examined by PCR analysis using specific pri-
mers for - and y-chains of FceRI (ref. 11). PCR conditions
were 1 min at 94 °C, 2 min at 60 °C and 3 min at 72 °C for 30
cycles. PCR products were electrophoresed on agarose and visualized
by ethidium staining. Southern blot analysis: Amplified products were
blotted onto Hybond N membranes using standard methods. Oligo-
nucleotide probes were labelled with T4 polynucleotide kinase and [y-
32p)ATP. Hybridization was carried out in the same conditions as before.

B-chain 446 bp —»—

a 12 3 4 5 67 b 12 3 4 56 7 8

28S

18S
o-chain g ‘

12 34 56 d 123456

y-chain 338bp - u

B-actin 548 bp—»~

Oligonucleotides specific for sequences on either side of a splice juction
within 8 and y genes were usec in the PCR reaction to preclude ampli-
fication of possible contaminating genomic DNA. The FceRI - and y-
chain primers have been described™".
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FIG. 4 aand b, Release of EPO and ECP after stimulation of eosinophils with anti-
FceRl mAb. ¢ and d, Inhibition of eosinophil-mediated IgE-dependent cytotoxicity
against schistosome targets. For cell activation, highly purified eosinophils (>90%)
were incubated with anti-FceR! a-chain mAb 15-1, irrelevant mAb of the same
isotype, or secretory IgA (positive control) at a final concentration of 10 pg ml’ *
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at 4 °C. Then cells were challenged with anti-Ig antibody Fab’2 fragments and
incubated for 2 h at 37 °C in 5% CO». As negative controls, cells were incubated
with each reagent alone. EPO and ECP release was evaluated in the same super-
natants by a chemiluminescence assay’® and a double-antibody radicimmuno-
assay method (Pharmacia Diagnostics) respectively. Results are expressed as the
index of EPO and ECP release as described®". For cytotoxicity assay, eosinophils
were preincubated with various concentrations of anti-FcgRlI mAb 15-1 or isotype
control for 30 min at room temperature before addition to S. mansoni targetsg,
in the presence of one IgE containing reference immune serum (at 1:32 final
dilution; total volume, 200 pl). Results were compared with those obtained with
targets incubated without mAb (medium) in the presence of effector cells and
immune serum. The cytotoxicity values obtained with eosinophils from 4 different
eosinophilic donors were expressed as mean % cytotoxicity +s.e.m. d, Individual
results of sera (final dilution 1:32) from 8 different S. mansoni-infected patients
(patients 1-8), containing varying amounts of specific anti-S. mansoni IgE anti-
bodies, were evaluated by a radioallergosorbent test against a soluble S. mansoni
worm extract. IgE values are expressed as the index of bound radioactivity versus
normal serum (RAST values). Anti-FceR! (15-1) or control isotype mAb were used
as in ¢ (mean cytotoxicity values of 3 experiments +s.e.m.). Sera from 5 allergic
individuals containing between 420 and 4,313 IU mi * total IgE were used as
specificity controls. Normal human sera were used as negative controls.
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release from eosinophils (Fig. 4a). Increased levels of EPO
(index of release >15) are detected after stimulation of purified
eosinophils by crosslinking antibody 15-1 but not an unrelated
isotype control antibody, or other control antibodies. In con-
trast, no significant amounts of ECP were detected in the same
supernatants in which EPO was measured (Fig. 4b). However,
elevated levels of both EPO and ECP are obtained in supernat-
ants of the same eosinophil preparations after crosslinking of
secretory IgA (Fig. 4a, b). These data indicate that FceRI is
involved in the differential release of EPO versus ECP, as was
shown previously after IgE-dependent activation®®?'.

Finally, we analysed whether FcgRI is involved in the cytotox-
icity of eosinophils against parasites. Purified eosinophils, schis-
tosomula targets, and IgE antibody-containing immune sera
were incubated in the presence of antibody 15-1 or an isotype
control antibody. A dose-dependent inhibition of cytotoxicity is

observed with 15-1 but not with control antibody in the presence
of one immune serum used as positive control (Fig. 4¢). Also,
when more sera from S. mansoni-infected patients were used,
not only were cytotoxicity levels significantly correlated with
specific anti-S. mansoni IgE levels (Spearman’s correlation test,
P <0.05), but they were also significantly inhibited by 15-1 at
the optimum concentration (Fig. 4d). None of the five control
isotype sera from allergic patients was able to induce target cell
lysis. Anti-CD23 monoclonal antibody of the same isotype (anti-
body 135)7 used at 50 pg ml~' did not significantly inhibit cyto-
toxicity (data not shown). These results indicate that FceRI can
mediate eosinophil-dependent cytotoxicity against schistoso-
mula and provide the evidence that, in addition to its role in
mediating allergic responses®’, FceRI may participate in a
physiological protective immune response against metazoan
parasites. O
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Our understanding of the regulation of vascular tone has been
extended since the identification of vasoactive agents such as the
atrial natriuretic peptides', endothelial-derived relaxing factor’
and endothelin®, Unidentified vasopressive agents have been found
in platelets*. Here we isolate these vasopressors and identify them
as diadenosine pentaphosphate (APsA) and diadenosine hex-
aphosphate (AP¢A) by chromatography, mass spectrometry, ultra-
violet spectroscopy and enzymatic cleavage. In the vasculature of
isolated perfused rat kidney, both diadenosine phosphates were
active at a concentration of 10 ~° M; in aortic rings, contractions
were elicited at 10~ M. Intra-aortic injection in the rat caused a
prolonged increase in blood pressure. We conclude that APsA and
APgA may play a part in local vasoregulation and possibly in the
regulation of blood pressure.

The vasopressors were purified from platelet concentrates in
the following steps (Fig. 1): (1) deproteination with perchloric
acid; (2) binding to a preparative C18 column using triethyl-
ammonium acetate as a cationic ion-pair reagent; (3) displace-
ment chromatography on a second C18 column (Fig. la); (4)
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displacement chromatography on an anion-exchange column
(Fig. 1b); and (5) gradient elution with triethylammonium acet-
ate as a cationic ion-pair reagent on a third C18 column (Fig.
1c, d). After each chromatographic step, vasopressor activity of
the fractions was assayed using an isolated perfused rat kidney
(Fig. 1 and Fig. 24, b, g). After the last purification step, a single
homogeneous peak was obtained (Fig. le, f).

The active substances were identified as diadenosine penta-
phosphate (APsA) and diadenosine hexaphosphate (APsA) by
the following findings (Fig. 3): (1) matrix-assisted laser desorp-
tion/ionization mass spectrometry (MALDI-MS) revealed rela-
tive molecular masses of 916 (Fig. 3a) and 996 (Fig. 3b); (2)
after addition of Na*, MALDI mass spectrometry showed that
there were five and six negative charges in APsA and APA,
respectively (Fig. 3¢, d); (3) ultraviolet spectroscopy gave a spec-
trum characteristic of adenine (Fig. 3e, f); (4) the retention
times of the active fractions in step 5 were identical to those of
commercially available APsA and AP¢A; and (5) MALDI-MS
of commercially available APsA and AP,A with and without a
Na™ salt gave the same pattern as the fractions in step 5. The
structures of APsA and AP¢A were evidenced by the following
results (Fig. 3¢, d, g and h): (1) MALDI analysis revealed five
and six negative charges, respectively ; however, isomers of APsA
and AP¢A with one terminal phosphate group in the 3’ position
would have six and seven negative charges as one terminal phos-
phate group would introduce two negative charges into the
molecule; (2) both compounds were resistant to alkaline phos-
phatase; (3) snake venom phosphodiesterase (5' nucleotidase)
yielded AMP plus AP, and APs, respectively, whereas calf spleen
phosphodiesterase (3’ nucleotidase), which is specific for 3 link-
ages, was ineffective. The molar ratio of ATP to APsA and AP,A
in the platelet extracts was estimated to be in the range of 50:1
and 100:1. ATP content was estimated chromatographically”.
When platelets were aggregated with 1 Uml™' thrombin
(Sigma), APsA and APsA were isolated from the supernatant
by the purification procedure already described.
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