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The low-affinity IgE receptor (Ec^RII) of B cells and monocytes - also
known as CD23 - is released from the cell surface by proteolytic cleavage
to yield a series of soluble fragments which can accumulate in cell
culture supernatants and body fluids. Of these, the most stable is a 25-kDa
molecule which is generated from transient intermediates ranging in size
from 29 to 37 kDa. It has been claimed that these latter species act as
IgE-promoting factors wbile tbe 25-kDa molecule is endowed witb various
cytokine-like activities wbicb are independent of IgE binding. We
describe bere a novel enzyme-linked immunosorbent assay (EEISA) wbich
allows for tbe distinction between tbese two classes of soluble CD23. It
is based on the observation tbat the CD23 antibody EBVCSl can capture
recombinant 29-kDa and 37-kDa fragments of CD23 but does not bind
to tbe 25-kDa species: wben EBVCS5 is used as the capture antibody, all
tbree fragments are bound. Tbe availability of these differential EEISA should
facilitate investigations on the biological properties of CD23 fragments in
health and disease.
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CD23 is the low-affinity receptor for IgE (Fc^RII) on
B cells and monocytes: it is also expressed by foUi-
cular dendritic cells, Eangerhans' cells, some T cells,
and natural killer (NK) cells (9, 10). Expression by
eosinophiis and platelets has also been described
(1,4, 5). At least on activated B cells, the 45-kDa
type II membrane-bound glycoprotein is known to
be cleaved by active proteolysis to yield first a 37-
kDa fragment, followed by a 33-, a 29-, and finally
a stable 25-kDa species (14). Under conditions of
cell stress (for example, in serum-free medium) a
14-17-kDa component can also be generated (6).
Soluble CD23 has been detected not only in cell-
culture supernatants but also in normal serum and
urine, and it is present at elevated levels in patients
with B-chronic lymphocytic leukaemia, rheumatoid
arthritis, systemic lupus erythematosus, certain al-
lergic disorders, and in patients receiving autologous
bone-marrow transplants (reviewed by Gordon (8)).

The transient fragments of CD23 have been re-

ported to act as IgE-potentiating factors, a property
apparently lost in the stable 25-kDa molecule (7).
Although 25-kDa CD23 has been described as an
IgE-binding factor, its capacity for binding IgE is
very low, and a role for this fragment in the modu-
lation of IgE synthesis has been questioned (11). On
the other hand, recombinant and natural 25-kDa
CD23 is clearly endowed with cytokine-like proper-
ties which are quite independent of IgE binding.
Thus, particularly in synergy with interleukin (IE)-l,
recombinant 25-kDa CD23 can serve as a thymocyte-
differentiation factor, a growth and differentiation
factor for early myeloid cells, and a survival factor
for centrocytes participating in germinal centre re-
sponses. Natural 25-kDa CD23 has been reported
to act as a migration inhibition factor for U937
monocytic cells and a histamine-releasing factor on
mast cells, and it may also possess pyrogenic activity
(reviewed by Gordon (8)). The wide-ranging action
of soluble CD23 (sCD23) may relate to its being a
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member of the C-type lectin family, a fact which
could potentially allow for a large number of ligands
(9).

Given the apparently dichotomous behaviour of
transient and stable fragments of sCD23 and the
controversy that surrounds their function, the avail-
ability of a simple assay for discriminating between
the two is desirable. Such an assay is now de-
scribed.

Material and methods
Reagents

The EBVCSl, EBVCS4, and EBVCS5 murine hy-
bridoma lines producing antibodies to human CD23
were the generous gift of Dr B. Sugden (McArdle
Laboratory, Madison, WI, USA). Monoclonal IgG
antibody was purified by DEAE-cellulose ion-
exchange chromatography from ascites fluid gener-
ated with the EBVCSl and EBVCS5 clones. Murine
EBVCS4 - an IgM antibody - was used as diluted
ascites fluid: we had noted previously that this anti-
body becomes unstable on purification. Horseradish
peroxidase (HRP)-labelled sheep antimouse IgM (̂ t-
chain specific) was purchased from Sigma (Poole,
Dorset, UK).

CD23 preparations

Recombinant 37-, 29-, and 25-kDa CD23 proteins
were the generous gift of Dr J.-Y. Bonnefoy (Glaxo,
Geneva, Switzerland). The 37- and 25-kDa frag-
ments were derived from supernatants of insect cells
transformed with the appropriate vector by the bac-
ulovirus expression system, as previously described
(13). The 29-kDa species was produced in COS
cells. "Neat" preparations in this study contained
approximately 100 ng/ml CD23 protein. A CD23
standard derived from bulk cuhure supernatants of
RPMI 8866 lymphoblastoid cells which is used in a
commercial ELISA kit (The Binding Site, Birming-
ham, UK) was provided by Dr C. Sykes (IDRL,
Birmingham, UK). Lysate CD23 was generated from
RPMI 8866 cells at 10 /̂ml in the presence of pro-
tease inhibitors as previously, described (4).

Description of the ELISA assays

Purified capture antibodies to CD23, EBVCSl, or
EBVC5 were coated onto 96-well ELISA plates
(GIBCO BRL, Paisley, UK) at 20 (xg/ml in 100 îl
of phosphate-buffered saline (PBS) pH 7.2. After
overnight incubation at 4°C, the wells were washed
three times in PBS containing 0.05% Tween 20
(washing buffer) and flicked dry. Samples were ap-
plied at 100 \i\ per well in duplicate and incubated
for 2 h at 37°C. Plates were washed three times in

washing buffer and flicked dry, and EBVCS4 ascites
fluid, diluted 1:100 in washing buffer, was added at
100 III per well. We had previously found that the use
of EBVCS4-containing ascites fluid generated no
higher a background than that seen with purified
antibody in such assays (3): moreover, when isolated
free of other proteins contained in the ascites fluid,
the IgM antibody tended to be labile. After 2 h at
37 °C, plates were washed three times and 100 \i\
HRP-conjugated sheep antimouse IgM diluted
1:5000 was added to each well for a further 2 h at
37°C. The plates were then washed as before. Sub-
strate buffer comprising 13 ml 0.2 M Na2HPO4, 12
ml 0.1 M citric acid, and 0.012% H2O2 plus 10 mg
6»-phenyIenediamine was added at 100 \\.\ per well.
The plates were left at room temperature to develop
the reaction, which was stopped by the addition of
25 \y\ per well of 20% H2SO4. The optical density
(OD) was read on an ELISA plate reader (Anthos
Labtec 2001) at 492 nM. Results were expressed as
means of duphcate readings which were always
within 5 % of each other.

Results

The EBVCS1 antibody is known to react outside the
IgE-binding domain which is contained within the
25-kDa fragment of the CD23 molecule (2). In ini-
tial studies, we found that while EBVCSl was efifi-
cient at binding CD23 isolated from RPMI 8866
cells lysed in the presence of protease inhibitors, it
reacted poorly as a capture antibody for sCD23 from
culture supernatants when compared either with EB-
VCS5 from our previously described "in-house"
CD23 ELISA (3) or with the BU38 monoclonal
antibody (mAb) which is used in a commercially
available kit (The Binding Site, Birmingham, UK).
From other studies, we know that the lysate-derived
CD23 will be primarily in the intact 45-kDa form,
whereas the bulk of soluble material will exist as the
25-kDa species (4).

Recombinant fragments of CD23 which had been
engineered so as to correspond to the naturally gen-
erated 25-, 29-, and 37-kDa species were introduced
into ELISA estabhshed by using either EBVCSl or
EBVCS5 as the capture antibody: EBVCS4 was
used as the common detection mAb in the two sys-
tems. It is clear from Fig. la that when EBVCSl is
coating the plates, 25-kDa CD23 remains undetec-
ted while a strong reaction is obtained in the
EBVCS5-based assay. In marked contrast, both the
EBVCSl and EBVC5 mAb provide an efficient cap-
ture base for the 29- and 37-kDa recombinant frag-
ments (Fig. lb and c). This pattern of detection was
observed over numerous experiments with different
preparations of recombinant proteins. As mentioned
above, intact 45-kDa CD23 contained within RPMI
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ELISA for transient sCD23

OD 492 nM

neat 1|3 1/27 neat 1/9 1/27

Fig. 1. Capacity of different CD23 species to he recognized in
ELISA. ELISA were established with either EBVCSl ( • ) or
EBVCS5 (D) as capture antibody, as described in Material and
methods. Samples were added and amount of EBVCS4 subse-
quently binding was determined as described, with OD of result-
ing reaction read at 492 nM. OD readings in blanks (controls)
were 0.244 for the EBVCSl-based and 0.180 for the EBVC5-
based assay, respectively. Results are given as means of duplicate
determinations and are representative of several similar experi-
ments; a) 25-kDa CD23; b) 29-kDa CD23; c) 37-kDa CD23; d)
lysate (45-kDa) CD23.

8866 cell lysates was readily detected in both of the
assay systems (Fig. Id).

A standard used in a commercially available kit
for CD23 was assessed for its reactivity in the two
assays. As can be seen from Table 1, the standard
preparation was detected in both of the assays: by
reference to the readings obtained using the recom-
binant 37-kDa CD23, it seems that a minor but
appreciable fraction of the standard was represented
by transient species of soluble CD23. The ability to
detect relatively high levels of otherwise unstable
CD23 fragments is probably due to the prior addi-
tion of protease inhibitors to the the standard prepa-
ration (Dr C. Sykes, IDRL, Birmingham, UK). It
can be noted that addition to the standard of soluble

lab le l .
ELISA

Dilution

Detection of commercial

Standard^

CD23 standard and

OD at 492 nM'

Standard plus
EBVCSr

recombinant proteins in

r25-kDa''

different

r37-kDa

Neat
1/3
1/9
1/27
Blank

Neat
1/3
1/9
1/27
Blank

0.924
0.731
0.534
0.442
0.385

2.349
1.703
0.815
0.485
0.442

EBVCSl-capture assay
0.589
0.477
0.372
0.374

EBVCSS-capture assay
2.839
2.736
1.983
0.751

0.386
0.372
0.374
0.369

2.523
2.357
2.051
1,302

2.212
1.708
1.135
0.708

2.593
2.066
1,313
0.728

' ELISA were established with either EBVCSl or EBVCS5 as capture antibody, as de-
scribed in Material and methods.

""'Standard" as supplied in CD23 ELISA assay, Binding Site, Birmingham, UK.
'EBVCSl was added at 25
' Recombinant CD23 proteins of size indicated were generated as described in Material

and methods.

EBVCSl mAb at the concentration shown reduced
its detectability in the EBVCSl-based ELISA by
around 85% (Table 1), while increasing the amount
of antibody resulted in greater blocking (not de-
tailed): surprisingly, the presence of soluble EBVCS1
enhanced the capacity of the EBVCS5-based ELISA
to detect CD23 in the commercial standard. We
have since shown that the addition of EBVCSl in-
creases the ability of EBVC5 to bind transient forms
of sCD23 while, as would be predicted, leaving bind-
ing to 25-kDa CD23 unchanged (unpublished ob-
servations). Again, 25-kDa recombinant CD23 was
undetectable in the EBVCSl-based ELISA
(Table 1). It should be noted that the commercial
ELISA kit for CD23 detected all of the natural and
recombinant forms of the molecule used in this study
(data not detailed).

Discussion

EBVCSl was shown previously to be distinct from
other CD23 antibodies inasmuch as it failed both to
inhibit IgE binding to CD23 and to block IL-4-
dependent IgE synthesis in cultures of peripheral
blood mononuclear cells (2). IgE appears to bind
within the lectin-homology domain of CD23, as do
those antibodies which influence CD23 function (9).
In epitope-mapping studies, EBVCSl failed to in-
terfere with the binding to CD23 of other mAb in-
cluding EBVCS4 and EBVCS5 (11). Our flnding in
this study that EBVCSl can bind 29- and 37-kDa
CD23, but not 25-kDa CD23, is consistent with the
earlier observations and makes this antibody unique
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in binding outside the lectin-homology domain which
is contained entirely within the stable 25-kDa frag-
ment.

The sequence spanning the lectin head to the cell
surface in membrane-bound CD23 is composed of
an extended leucine-zipper motif encoded by a series
of amplified exons. All of this structure is present in
the initial 37-kDa cleavage product and some will be
retained in the 29-kDa fragment. Modelling studies
predict that this stalk region should encourage trimer
formation both in membrane CD23 and in the in-
termediate soluble products (12). The lack of this
potential in 25-kDa CD23 may account for the bio-
logical differences reported for transient and stable
forms of sCD23. It was of interest that incubation
of transient fragments of sCD23 with EBVCSl led
to a higher level of detection in the EBVCS5-based
ELISA. This suggests the possibility of an allosteric
mechanism whereby epitopes within the lectin do-
main which may be hidden when the molecule is
oligomerized are made more accessible on binding
of a ligand within the leucine-zipper region, perhaps
through an unravelling of the trimeric complex.

The availability of differential ELISA capable of
discriminating between two categories of sCD23
species should prove useful in further elucidating the
biological role of this complex molecule. Undoubt-
edly, the sensitivity of these ELISA could be im-
proved upon, and it will then be of interest to re-
analyse body fluids for transient and stable species
in those disease states in which overall elevations in
sCD23 have been described. Einally, these results
should emphasize that caution should be adopted
when interpreting results from assays of soluble
CD23 based upon commercially available kits where
EBVCSl comprises the capture antibody (for ex-
ample, see Wilhelm et al. (15)).
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