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Temperature Effect on IgE Binding to CD23 Versus Fc�RI1

Bing-Hung Chen,* Michelle A. Kilmon,* Check Ma,* Timothy H. Caven,* Yee Chan-Li,*
Anne E. Shelburne,* Robert M. Tombes,† Eric Roush,‡� and Daniel H. Conrad2*

A chimeric soluble CD23, consisting of the extracellular domain of mouse CD23 and a modified leucine zipper (lz-CD23), has been
shown to inhibit IgE binding to the Fc�RI. A similar human CD23 construct was also shown to inhibit binding of human IgE to
human Fc�RI. In both systems, the inhibition was found to be temperature dependent; a 10-fold molar excess oflz-CD23 gave
90–98% inhibition at 4°C, dropping to 20–30% inhibition at 37°C. Surface plasmon resonance analysis of lz-CD23 binding to an
IgE-coated sensor chip suggested that the effective concentration of lz-CD23 was lower at the higher temperatures. Analysis of
125I-IgE binding to CD23�-Chinese hamster ovary cells also indicated that increased temperature resulted in a lower percentage
of IgE capable of interacting with CD23. In contrast, IgE interacts more effectively with Fc�RI�-rat basophilic leukemia cells at
37°C compared with 4°C. The results support the concept that the open and closed IgE structures found by crystallography
interact differently with the two IgE receptors and suggest that temperature influences the relative percentage of IgE in the
respective structural forms. Changes in CD23 oligomerization also plays a role in the decreased binding seen at physiological
temperatures. The Journal of Immunology, 2003, 170: 1839–1845.

T he Fc�RI is one of the best characterized of the FcR. Dis-
covered initially on mast cells and basophils where cross-
linking results in allergic mediator release, it is now

known to be on a variety of hemopoietic cells, at least in humans
(reviewed in Ref. 1). When expressed on mast cells and basophils,
it consists of three different subunits with the stoichiometry of
���2 while expression on other cell types is ��2 (2, 3). The low-
affinity receptor for IgE (Fc�RII/CD23), discovered initially on
lymphocytes, consists of a single polypeptide chain (reviewed in
Ref. 4). A variety of experiments have indicated that CD23 is a
homotrimer while at the cell surface (5, 6). Cleavage by metallo-
protease(s) results in the release of the IgE-binding lectin domain
and dissociation of the trimer (7). CD23 is known to enhance Ag
processing of IgE-Ag complexes (8) and, more recently, it has
been implicated, primarily through the use of CD23 KO and trans-
genic mice, in regulation of IgE synthesis (9, 10).

Data using peptides derived from the Fc region of IgE as well as
mAbs directed against the Fc region of IgE indicated that the two
IgE receptors interact with closely adjacent, but not identical, sites
on the Fc region of IgE (11, 12). Recent analysis of IgE-Fc/Fc�RI�
crystals have confirmed that the interaction site for the Fc�RI is in
the C�3 domain of IgE (13). Although crystal information is not
currently available for the CD23-IgE interaction, the C�3 domain
is implicated by the studies mentioned above. Further confirmation
of the closeness of the sites is seen in the capacity of a soluble
trimeric CD23 chimera to block binding of IgE to the Fc�RI in
both the mouse and human systems (14, 15). This chimera consists

of an isoleucine zipper motif linked to the N terminus of the ex-
tracellular region (aa 48–331) of CD23 (lz-CD2348–331) (15). The
studies reported here were initiated to investigate the capacity of
lz-CD23 to inhibit mediator release from mast cells. The finding
that, depending on the temperature of sensitization, little inhibition
of mediator release was seen led us to examine the effect of tem-
perature on the binding of IgE to both the Fc�RI and CD23. IgE
was found to interact more efficiently with CD23 at lower temper-
atures (4–20°C) while the inverse was seen with the Fc�RI,
namely, more efficient interaction with IgE occurred at 37°C. Rea-
sons for this difference are potentially the “open” and “closed”
isoforms seen in the crystal structure of IgE Fc (16) as well as
increased instability of the CD23 trimer at the higher temperatures.

Materials and Methods
Cell lines, media, and reagents

The preparation of both the murine and human chimeric lz-CD23 that was
used in this study is described elsewhere (14) and are lz-CD2386–331 and
lz-CD23139–331. The rat basophilic leukemia (RBL-2H3) cell line (a gift
from Dr. J. Rivera, National Institute of Arthritis and Musculoskeletal and
Skin Diseases, National Institutes of Health, Bethesda, MD) was main-
tained in MEM supplemented with 10 mM HEPES (pH 7.4), 16.7% FBS,
100 U/ml penicillin and streptomycin, and 2 mM glutamine. RBL-2H3
transfected with the human Fc�RI� chain (17) was a gift from Dr. J.-P.
Kinet (Harvard Medical School, Boston, MA). CD23 expressing Chinese
hamster ovary K1 cells, Fc1.7, were made as previously described (5) and
grown in DMEM containing glutamate. Rat IgE (IR162) (18) and mono-
clonal mouse IgE (mIgE3-DNP) (19) from H1-DNP-�-26 were purified
from ascites as described previously (20). Human myeloma IgE (PS) was
a gift from Dr. K. Ishizaka (Pharmaceutical Research Laboratory, Kirin
Brewery Company, Gunma, Japan) and recombinant human IgE Fc (a gift
from Dr. A. Beavil (Kings College, London, U.K.)) was prepared as de-
scribed elsewhere (21). Mouse and rat IgE were labeled with [125I]NaI
(NEN Life Science, Boston, MA) using the chloramine-T method as pre-
viously described (22). DNP-BSA and p-nitrophenyl-N-acetyl-�-D-glu-
cosaminide were purchased from Calbiochem-Novabiochem (La Jolla,
CA) and Sigma-Aldrich (St. Louis, MO), respectively.
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Sensitization of RBL-2H3 Cells and �-hexosaminidase release
assay

On the day of the experiment, RBL-2H3 cells (5 � 106 cells/ml) were
resuspended in medium containing 10 mM HEPES (pH 7.4) and 2 mM
CaCl2 before mixing with an equal volume of either mIgE-DNP (200 ng/
ml) alone or the reaction mixture containing the same concentration of
mIgE-DNP plus lz-CD23. After incubation at the indicated temperatures
(range, 4–37°C) for 1.5 h, cells were washed once with HBS/Ca2� (0.01
M HEPES buffered saline containing 2 mM CaCl2) and twice with Ty-
rode’s buffer (135 mM NaCl, 5 mM KCl, 1 mM MgCl2, 1.8 mM CaCl2, 5.6
mM glucose, and 20 mM HEPES (pH 7.4)) containing 0.05% BSA to
remove unbound IgE. Cells were then incubated with Tyrode’s/0.05% BSA
buffer containing DNP-BSA at different concentrations (0, 0.01, 0.1, 1, 10,
100, and 1000 ng/ml) for 1 h at 37°C before an aliquot of supernatant was
removed for �-hexosaminidase analysis. Supernatants taken from cells
without DNP-BSA added or cells lysed by detergent (cold Tyrode’s buffer
with 0.5% Triton X-100) were also analyzed to measure the spontaneous
and complete release of �-hexosaminidase, respectively, using a previously
published protocol (23). After subtraction of spontaneously released en-
zyme, inhibition of �-hexosaminidase secretion was expressed as a per-
centage of the enzyme release occurring in the absence of any lz-CD23
proteins.

125I-IgE binding analysis

Increasing amounts of chimeric CD23 proteins were added to constant
amounts of 125I-mIgE or human IgE and the reactions were kept at the
indicated temperatures (range, 4–37°C) for 30 min. This was then followed
by the addition of 1 � 106 Fc�RI� RBL-2H3 cells (with human IgE, RBL
transfected with human Fc�RI� were used), and the incubation was kept at
the same temperature as the previous step for an additional 60 min. At the
end of the incubation, a phthalate oil cushion centrifugation procedure (24)
was used to separate free from cell-bound 125I-IgE. The cell-bound radio-
activity of each reaction was determined in duplicate on an LKB-Wallac
CliniGamma-1272 automatic gamma counter. Specific binding of samples
was calculated by subtracting background controls incubated with 100-fold
excess of cold mIgE and compared with controls without any inhibitor
added. Percent inhibition was calculated as follows: (1 � (cpm experimen-
tal � cpm 100-fold excess of unlabeled IgE)/(cpm control with no inhib-
itor � cpm 100-fold excess of unlabeled IgE)) � 100. Bindability of IgE
was determined by incubating 125I-mIgE (50 ng/ml) with excess cells,
ranging from 2.0 � 106 to 2.5 � 107 Fc1.7 or RBL-2H3 cells in a volume
of 1 ml. After a 60-min incubation, the cells were spun down and the
amount of unbound 125I-mIgE in the supernatant was counted to determine
the amount of unbound IgE. The fraction of bound IgE was calculated as
follows: 1 � (cpm unbound IgE/cpm of total IgE added). Using the linear
extrapolation method published by Lindmo et al. (25), the binding data
were plotted as a double inverse plot. The inverse of the intercept value
represents the fraction of bindable IgE. The equilibrium of IgE binding to
Fc�RI was determined by incubating 5 � 105 RBL-2H3 cells with 25 ng
125I-mIgE for the indicated amount of time. A fraction of the cells was spun
over phlatate oil (26) to determine the amount of IgE bound. The cpm
bound was adjusted for nonspecific binding by subtracting the cpm of cells
incubated with a 100-fold excess cold mIgE.

Scatchard analysis

The affinity of IgE for CD23 was determined as previously described (5).
Briefly, 5 � 105 Fc1.7 cells were added to tubes and allowed to equilibrate
to the appropriate temperature. 125I-labeled IgE (0.5 or 5.0 �g) was added
to the cells along with increasing amounts of cold IgE, resulting in a final
concentration range of 1.0 to 400 �g/ml. The tubes were incubated for 60
min on ice and the free and cell-bound 125I-IgE was separated on a phtha-
late oil mixture as described above. Nonspecific binding was determined by
adding 100-fold excess cold IgE and the value was subtracted to obtain
specific binding. Binding affinities were determined by linear regression
analysis.

Surface plasmon resonance (SPR) analysis

The Biacore X or the Biacore 3000 (Biacore, Uppsala, Sweden) was used
to perform SPR measurements. Either rat or human IgE (1000–1500 res-
onance units (RU)) were coupled directly to the CM5 chip using the amine-
coupling kit. All binding experiments used HBS/Ca2� (0.01 M HEPES
buffered saline containing 2 mM CaCl2) as the running buffer and a flow
rate of 20 �l/min. Different concentrations of lz-CD23 were passed over
the control (no protein immobilized) and test flow cells by the use of the
multichannel flow option. HBS buffer containing 20 mM EDTA (pH 8.0)
was used between injections to elute bound recombinant CD23. The BI-

AEVALUATION 3.2 software (Biacore) was used for the analysis of in-
teraction kinetics. The best fit for the data was obtained using a previously
published model (14, 27) where the analyte (lz-CD23) interacts with two
independent sites on the immobilized ligand (A plus B1 plus B2 � AB1
plus AB2). In this analysis, the A parameter is lz-CD23 and B1 and B2
represent the two different binding sites on IgE. The decrease in available
IgE was compared by injecting the same lz-CD23 concentration over the
chip after equilibration at each respective temperature. The maximum RU
obtained were determined and plotted vs the temperature of the assay.

Chemical cross-linking and fluorescent resonance energy
transfer (FRET)

The chemical cross-linking protocol was as published previously(14), us-
ing the reagent 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydro-
chloride (EDC; Pierce, Rockford, IL.). Cross-linking times were 1 h at
37°C and 2 h at 4°C. Subsequently, 1 �g of cross-linked or control (no
EDC) lz-CD23 was analyzed by SDS-PAGE, followed by Western blot
analysis using a polyclonal anti-CD23 followed by goat anti-rabbit IgG-
HRP for detection (14). Bands were visualized using ECL substrate
(Pierce) and the Alpha Innotech Fluro-Chem 8800 imaging system (Alpha
Innotech, San Leandro, CA).

The lz-CD23 was transferred into pECFP-C1 and pEYFP-C1 (both from
Clontech Laboratories, Palo Alto, CA) by PCR using primers that added a
5� SalI site (GTCGACATGAAACAGATAGAGGATAAGATCG) and a
3� HpaI site (GTTAACCTTTCAGCAAAAAACCCCTCAAGAC). This
produced lz-CD2386–331 with either enhanced cyan fluorescent protein
(CFP) or enhanced yellow fluorescent protein (YFP) in frame at the amino
terminus, depending on the vector (lz-CD23-pECFP-C1 and lz-CD23-
pEYFP-C1). As a control, the entire CD23 cDNA was transferred into
pECFP-C1 and pEYFP-C1 by PCR again using a 5� SalI site (GTCGACG
GATCCATGGAAGAAAATGAATACTCAGG) and a 3� HpaI site (GT
TAACTCTTCTGAGATGAGTTTTTGTTCGAAGGG). This produced
CD23 with either a CFP or YFP in frame at the amino terminus, depending
on the vector (CD23-pECFP-C1 and CD23-pEYFP-C1). Control vectors
containing Fas-CFP and Fas-YFP (28) were gifts from Dr. M. J. Lenardo
(National Institutes of Health, Bethesda, MD). The CFP and YFP fusion
proteins were, singly or in combination, transfected into 3 � 105 293T cells
using Fugene 6 (Roche Diagnostics, Indianapolis, IN) according to the
manufacturer’s instructions. After 2 days, cells were collected by centrif-
ugation, resuspended in 200 �l of HBBS/1% FBS and placed into a black-
sided 96-well plate (3603; Corning Glass, Corning, NY). A PerkinElmer
Victor2 fluorometer (PerkinElmer, Norwalk, CT) was used to measure
FRET. CFP is measured at 430/10 excitation and 490/40 emission. YFP is
measured at 485/14 excitation and 535/30 emission. FRET is measured at
430/10 excitation and 535/30 emission. Fluorescence was background sub-
tracted and FRET values were calculated using equation 11 from Ref. 29,
which corrects for fluorochrome concentration and spectral overlap. Spec-
tral overlap of YFP alone was �4% and CFP alone was �17%, which was
comparable with published values (29, 30).

Results
Inhibition of mediator release by lz-CD23

Based on our initial studies indicating that lz-CD23 had the ca-
pacity to block binding of IgE to the Fc�RI, we wished to deter-
mine whether mediator release was also effectively inhibited. Ini-
tial studies were performed by sensitizing the RBL cells at 37°C in
the presence of lz-CD23 and minimal inhibition of mediator re-
lease was seen (data not shown). This was further investigated by
performing the sensitization step at various temperatures. As seen
in Fig. 1A, the effectiveness of mediator release inhibition was
inversely proportional to temperature. The inset of Fig. 1A shows
a plot of effectiveness of mediator release inhibition as a function
of temperature using additional temperature points. As previously
indicated (14) lz-CD23139–331 is the minimum-sized chimera re-
taining IgE-binding activity and at 4°C this was equally effective
in inhibiting IgE binding as the initially prepared lz-CD2348–331

chimera (15). To determine whether the full-size lz-CD23 would
be more stable at elevated temperature, we determined the capacity
of lz-CD2386–331 (which contains the complete coiled-coil stalk
region) to both inhibit IgE binding to RBL cells as well as block
�-hexaminidase release. As is seen in Fig. 1B, this chimera is

1840 IgE BINDING TO CD23 vs Fc�RI
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somewhat less influenced by temperature; however, a clear de-
crease in both inhibitory capacities is seen as temperatures are
increased. The decrease in effectiveness of mediator release inhi-
bition as compared with IgE binding is noted; an explanation for
this would be that a relatively small amount of bound Ag-specific
IgE is sufficient to give normal mediator release values. Based on
these results, the temperature effect on IgE binding was examined
in the human systems. Fig. 2 shows the inhibitory capacity of
increasing doses of mouse or human lz-CD23 to block binding of
their respective 125I-IgE. As can be seen, while very effective in-
hibition of IgE binding to the Fc�RI occurs at 4°C, this inhibitory
capacity dropped to �30–50% maximum at 37°C in both human
and mouse systems.

SPR analysis of lz-CD23-IgE interaction at various
temperatures

The temperature effect could either be a result of a change in IgE
or in either of the IgE receptors, respectively. To investigate this
issue, IgE was coupled to a CM5 sensor chip and SPR analysis was
performed at different temperatures. Fig. 3 shows an experiment
where different doses of mouse lz-CD23139–331 were passed over

a rat IgE sensor chip at either 15°C (Fig. 3A) or 35°C (Fig. 3B),
respectively, and Table I shows the kinetic parameters calculated
for this interaction. As indicated by Chen et al. (14), the best fit for
the data was obtained using a two-site model system. Note that the
changes in the kinetic binding parameters is relatively small, in-
dicating that with respect to SPR analysis, the IgE detected is
binding with a similar affinity (see Discussion). However, a con-
sistent finding is that the binding plateaus at a decreasing level,
depending on the temperature. Very similar results were seen when
human IgE and human lz-CD23 were used instead of the rodent
reagents. This finding is illustrated in Fig. 4 which is a graphical
representation of the maximum RU signal obtained with the same
concentration of lz-CD23 used at the temperatures indicated. The
decrease is seen somewhat earlier for human IgE-human lz-CD23,
but in both systems a similar decrease in “available” IgE is seen.
Note that the change is reversible in that after the 40°C step, re-
turning the temperature to 8°C restored the binding level (data not
shown). In separate experiments, 95 and 94% of the maximum
binding were seen when either the mouse or human lz-CD23 were
returned to 15°C subsequent to the higher temperature study (data
not shown). These results indicate that IgE becomes increasingly
inaccessible to lz-CD23 as the temperature of the interaction is
increased; however, the proportion of IgE still accessible interacts
with similar kinetic parameters; indeed, if any change, the affinity
is slightly increased at elevated temperatures.

FIGURE 1. The inhibitory capacity of lz-CD23139–331 on �-hex-
osaminidase release from sensitized RBL-2H3 cells is temperature depen-
dent. A, mIgE-anti-DNP (200 ng) was incubated, either alone (F, Œ, and
f) or along with 200-fold excess of lz-CD23139–331 (E, ‚, and �) at the
indicated temperatures (F,E, 37°C; Œ,‚, 25°C; f,�, 4°C) for 30 min.
RBL-2H3 were then added and incubation was continued at the indicated
temperature for 1 h. Cells were then washed and incubated with indicated
levels of DNP-BSA for 1 h. Supernatant aliquots were analyzed for �-hex-
osaminidase (�-hex) release. Inset shows percentage of �-hexosaminidase
release by lz-CD23139–331 at the maximum release point (10�2 �g/ml
DNP-BSA) plotted against temperature. B, Temperature dependence of
inhibition for �-hexosaminidase release (F) or 125I-IgE binding (o), re-
spectively, using lz-CD2386–331.

FIGURE 2. Dose dependence of lz-CD23-mediated inhibition of IgE
binding at different temperatures. Mouse lz-CD23139–331 (A) or lz-
huCD2345–321 (B) were incubated with 100 ng of 125I-labeled mouse or
human IgE, respectively, at the temperatures indicated. After 30 min, RBL-
2H3 (A) or RBL-2H3 expressing human Fc�RI (17) (B) were added after
another 1-h incubation, cell-bound radioactivity was determined, and the
inhibitory effect was determined. See Materials and Methods for additional
details.

1841The Journal of Immunology
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Temperature influence of binding of IgE to cell surface CD23 or
Fc�RI

To confirm the temperature dependence of the binding seen above,
binding studies with cells expressing either CD23 or the Fc�RI
were used. One way of determining the maximum binding ability
of IgE is to add increasing concentrations of receptor-bearing cells
to a fixed concentration of IgE. Using the method published by
Lindmo et al., (25), the maximum bindability can be determined by
appropriate extrapolation. Fig. 5A shows the bindability of IgE to
CD23 at 4 and 37°C, respectively, and the inset of this figure
shows the double reciprocal plot extrapolated to show bindability.
As can be seen, the bindability of IgE at 37°C is �50% of the
value found at 4°C. Scatchard analysis of IgE binding to CD23
shows that the number of binding sites at both temperatures is

similar; however, the affinity of IgE for CD23 appears to be lower
at the higher temperature (Fig. 5B). Fig. 6A shows a similar ex-
periment performed with Fc�RI using RBL cells. The inverse is
seen in that binding is more efficacious at 37°C with the Fc�RI.
The slow k1 reported for the Fc�RI at 4°C precludes Scatchard
analysis, since equilibrium is not achieved in this time frame, but
the binding is clearly much more effective at 37°C as compared
with 4°C for binding to the Fc�RI. This issue is further addressed
in Fig. 6B, where binding to the Fc�RI is shown as a function of
time. Given sufficient time, the plateau level of binding seen at
37°C is achieved at the lower temperature.

lz-CD23 remains associated at 37°C

The trimeric configuration of lz-CD23 results in an increased ca-
pacity to bind IgE due to the avidity resulting from two lectin
domains interacting with the IgE Fc (31). In contrast, monomeric
soluble CD23 (sCD23) interacts only weakly with IgE due to the
loss of this avidity effect (32). To determine whether lz-CD23 dis-
sociated as a function of temperature, thus explaining the loss of
Fc�RI-inhibiting activity, lz-CD23 was subjected to chemical
cross-linking and FRET analysis. As shown in Fig. 7A, effective
cross-linking with EDC was observed for both lz-CD2386–331

(lane 1 vs lane 2) and lz-CD23139–331 (lane 3 vs 4) which show
EDC cross-linked vs uncross-linked, respectively. The data shown
are from cross-linking performed at 37°C; cross-linking at 4°C
gave similar results (data not shown). The molecular mass of the
cross-linked band, determined using the molecular mass markers,
was 104,200 and 86,600 daltons for lz-CD2386–331 and lz-
CD23139–331, respectively; which corresponds to the trimer mo-
lecular mass. Note that some dimer is evident in the uncross-linked
lz-CD23 (lanes 2 and 4), indicating that the molecular association
is resistant to complete dissociation, even with SDS.

In addition, the green fluorescent protein analogs, CFP and YFP,
which are a donor-acceptor pair for FRET, were attached in frame

Table I. Kinetic parametersa

Temperature (°C) ka1 ka2 kd1 kd2 KA1 KA2

15 4.98 � 104 2.05 � 104 2.09 � 10�2 5.69 � 10�4 2.38 � 106 3.60 � 107

25 3.10 � 104 2.48 � 104 2.08 � 10�2 4.21 � 10�4 1.49 � 106 5.89 � 107

35 3.94 � 104 1.81 � 104 1.04 � 10�2 1.91 � 10�4 3.79 � 106 9.48 � 107

a Values (ka s�1M�1 and kd s�1) were determined from SPR analyses using the cooperative model described elsewhere (14).
The two KA (M�1) values are ka1/kd1 and ka2/kd2, respectively. The values are determined using the concentrations shown in Fig 3.

FIGURE 3. SPR analysis of lz-CD23139–331 binding to rat IgE at dif-
ferent temperatures. A CM5 sensor chip coated with 1000 RU of rat IgE
was used to analyze the binding parameters of lz-CD23139–331 at 15°C (A)
vs 35°C (B). Different concentrations (800, 600, 400, 200, 100, 50, and 25
nM, respectively) of lz-CD23139–331 were injected at a volume of 100 �l,
with a delay time of 200 s, through the sensor chip surface. Bound lz-CD23
was removed with HBBS buffer containing 20 mM EDTA in between
injections (see Materials and Methods).

FIGURE 4. Plateau binding of lz-CD23 binding decreases with temper-
ature. A sensogram for the interaction of rat IgE (F) or human IgE (E)
CM5-coupled sensor chip was run at a constant concentration (800 nM) of
either mouse lz-CD2386–331 or human lz-CD2345–321, respectively. The
graph shows the plateau RU value for either preparation vs temperature.

1842 IgE BINDING TO CD23 vs Fc�RI
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to the amino terminus of lz-CD2386–331. Cells transiently trans-
fected with lz-CD23-CFP and lz-CD23-YFP were analyzed for
FRET signal as described in Materials and Methods. As is seen in
Fig. 7B, an excellent FRET signal was seen for lz-CD23 and in-
deed the signal intensity, which was corrected for fluorophore con-
centration (29), was up to an order of magnitude better for lz-CD23
than membrane CD23 (see Discussion). Importantly, the FRET
signal was not significantly influenced by temperature, further
demonstrating that lz-CD23 does not dissociate at the higher tem-
peratures. As a positive control, Fas-CFP/YFP transfection is
shown and as reported previously (28), a good FRET signal is
seen. CD23-CFP and Fas-YFP were cotransfected as a negative
control and the calculated FRET signals were negative; they are
shown as zero in Fig. 7B.

Discussion
With the cloning of CD23 and the Fc�RI, the different origin and
nature of the two IgE receptors became obvious. As mentioned in

the introduction, however, a substantial amount of data indicated
that the site(s) on the Fc region of IgE in the C�3 domain where the
two receptors interact, while not identical, were quite close. This
suggested that a soluble version of CD23 could act as an inhibitor
of IgE binding to the Fc�RI. The naturally produced sCD23 inter-
acts with IgE with a low affinity, making such a strategy implau-
sible. However, a chimeric sCD23, in which an isoleucine zipper
motif was linked to the amino-terminal end of the extracellular
domain of CD23, was recently shown to both bind IgE at least as
effectively as membrane-expressed CD23 (15). The rationale for
this increased binding was that the isoleucine zipper motif stabi-
lized the coiled-coil stalk region of the soluble molecule in much
the same manner as the transmembrane/cytoplasmic region does
with the cell-expressed molecule. Although the exact stoichiome-
try of the lz-CD23 oligomer has not been elucidated, cross-linking
data (14) indicate that trimeric and dimeric complexes are favored.
Such structures allow a multivalent interaction with two sites on
the IgE Fc and molecular modeling (33) combined with thermo-
dynamic studies indicate that the two sites are not identical (31).
These biochemical studies led the current model for membrane and
lz-CD23 structure, namely, a trimer of either the naturally ex-
pressed membrane molecule or the engineered lz-CD23 (15, 33).

The development of a sCD23 that interacted effectively with IgE
made it possible to reinvestigate the capacity of CD23 to block
binding to the Fc�RI and, indeed, in both the mouse (15) and
human (14) systems an effective inhibition of binding was seen.

FIGURE 5. IgE binding to membrane CD23 is temperature dependent.
A, The percentage of IgE bindable to CD23 at both 4°C (F) and 37°C (E)
was determined. 125I-IgE was incubated with the indicated number of ex-
cess Fc1.7 cells at the respective temperature and the percent bound was
calculated as described in Materials and Methods. The inset represents the
binding data plotted as a double inverse plot using linear regression. The
inverse of the intercept represents the amount of bindable IgE. B, Scatchard
analysis was performed to determine the affinity of IgE for CD23 at dif-
ferent temperatures. Fc1.7 cells were incubated with increasing concentra-
tions of 125I-IgE at either 4°C (F) or 37°C (E). After 1 h, cell-bound cpm
was determined on duplicate aliquots of cells. The lines represent regres-
sion analysis.

FIGURE 6. IgE binding to Fc�RI is also temperature dependent. A, The
percentage of IgE bindable to Fc�RI at 4°C (F) and 37°C (E) was deter-
mined using RBL-23H cells. B, The kinetics of IgE binding to Fc�RI at
both temperatures was determined. RBL-2H3 cells were incubated with
125I-IgE at 4°C (E) or 37°C (F) for the length of time specified and the
amount of IgE bound was determined.
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Since CD23 interacts in a divalent manner with IgE, binding avid-
ity is brought into play, potentially canceling the differences in
affinity measurements found between IgE and Fc�RI compared
with CD23 vs IgE (109–1011 M�1 vs 107–108 M�1, respectively)
(34, 35). The above studies demonstrated �90% inhibition of
binding with a 10-fold molar excess of lz-CD23, suggesting its
potential as an alternative to the currently used anti-IgE. These
initial studies were all performed at 4°C, a standard binding assay
temperature. When the binding studies were extended to determine
whether mediator release was also inhibited using 37°C sensitiza-
tion, minimal inhibition of mediator release was seen even up to a
1000-fold excess of lz-CD23. This result was explained when
binding assays were performed at different temperatures. The ef-
fectiveness of lz-CD23 as an inhibitor of IgE binding decreased as
temperatures approached 37°C. Although 40–50% inhibition of
binding continued to occur at 37°C, the lack of mediator release

inhibition is presumably explained in that sufficient IgE is still
bound for an efficient cross-linking signal to be given.

The next obvious question is what is causing the change with
temperature—a change in the receptors or a change in IgE. The
first consideration examined was a change in CD23. Clearly, if
dissociation of lz-CD23 occurs, then the monomeric lz-CD23
would not be expected to influence Fc�RI-IgE interaction. Both
chemical cross-linking and FRET studies (Fig. 7) indicate that the
lz-CD23 is not undergoing significant dissociation at 37°C. Indeed,
the FRET analyses show an increased signal for the lz-CD23 as
compared with membrane CD23. Although the reasons for this
increased FRET signal are unknown, the attachment of the CFP/
YFP donor acceptor directly to the lz motif may enhance the FRET
signal. In separate studies to be reported elsewhere, we have char-
acterized an anti-stalk mAb that binds more effectively to CD23 at
elevated temperatures (1:1 at 4°C vs 3:1 at 37°C for binding of
mAb to CD23, respectively). These studies indicate that membrane
CD23 is a less stable oligomer at 37°C, although clearly, complete
dissociation is not seen.

When SPR analysis was performed at different temperatures,
evidence for a change in IgE was observed. CD23 has long been
known to interact with IgE with a dual affinity (5); the conditions
used for SPR do not detect the low-affinity interaction, as evi-
denced by the lack of signal for the mouse and human sCD23
extracellular domain (14). With respect to high-affinity interaction,
SPR indicates that less of the IgE bound to the chip is available for
interaction with CD23 at higher temperatures. This is seen in the
binding sensorgrams shown in Fig. 3 for different concentrations
of mouse lz-CD23 analyzed at 15 and 35°C. Although the binding
parameters (Table I) did not show significant changes, the plateau
binding was significantly decreased at all lz-CD23 concentrations
examined. This drop vs temperature is further illustrated by Fig. 4,
where the plateau binding value is shown as a function of temper-
ature for a single human or mouse lz-CD23 concentration. A re-
versible drop in available IgE is seen.

Analysis of binding to cell surface CD23 or Fc�RI further sub-
stantiates the differences seen in that binding to CD23 is more
effective at 4°C whereas the converse is true for the Fc�RI, namely,
binding is more effective with increasing temperatures. The cell
surface binding studies also allowed us to examine both low- and
high-affinity binding for CD23 at different temperatures and, as
seen in Fig. 5B, the most drastic changes occur in the high-affinity
binding parameter, going from 5.6 � 107 M�1 (4°C) to 1.5 � 107

M�1 (37°C). The low affinity also changes somewhat, but this may
be due to a decreased influence from the high-affinity component.
Fig. 5A represents a determination of the amount of bindable IgE
in the preparation and, based on the SPR analyses, we anticipated
that less bindable IgE would be seen at the elevated temperature.
Indeed, this was exactly what was seen. Analysis of IgE binding to
the Fc�RI was also informative in that the bindability now was
increased at 37°C as compared with 4°C, exactly the opposite of
what is seen with CD23. In contrast to CD23, however, a similar
amount of IgE was bound at both temperatures, albeit more slowly
at the lower temperature (Fig. 6B).

A potential explanation for this data is seen in the reported crys-
tal structure of IgE Fc and IgE-Fc-Fc�RI complexes (16). IgE Fc
was found to be in what was termed an open and closed config-
uration while the open configuration was exclusively found when
complexed to the Fc�RI (13). These authors proposed that the two
isoforms of IgE might interact with the two receptors differently.
Although definitive proof of this hypothesis awaits analysis of
CD23-IgE-Fc complexes, the data in this study would fit this con-
cept, namely, that the closed configuration would be anticipated to
predominate at lower temperatures and interact more effectively

FIGURE 7. lz-CD23 remains associated at 37°C. To demonstrate that
lz-CD23 remains associated at the temperatures used in this study, lz-CD23
was subjected to chemical cross-linking (A) or FRET analysis (B). A, lz-
CD2386–331 (lanes 1 and 2) or lz-CD23139–331 (lanes 3 and 4) was either
EDC cross-linked (lanes 1 and 3) or buffer treated (lanes 2 and 4) at 37°C
and then examined by reducing SDS-PAGE, Western blotting and detec-
tion with chemiluminescence. B, The FRET signal, determined as de-
scribed in Materials and Methods, seen after the indicated constructs were
transfected into 293T cells, was determined 48 h after transfection. The
signal is measured following incubation of the cells at 4°C, room temper-
ature (�23°C), or 37°C, respectively.
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with CD23, whereas the open configuration is seen at 37°C with
more effective interaction with the Fc�RI. The data would also
suggest that the closed configuration interacts less effectively (if at
all) with the Fc�RI. The slower interaction seen at 4°C could po-
tentially be the result of converting to the open configuration.
Thus, a strategy to prevent binding to the Fc�RI would be to pre-
vent the conversion to the open configuration. This could poten-
tially be done with appropriate anti-IgE mAbs or with CD23. In the
latter case, the increased instability of the oligomer at the elevated
temperatures precludes its use. We are currently attempting to in-
crease the stability of this oligomer by increasing the stability of
the coiled-coil stalk region.

The decreased capacity of CD23 to interact with IgE at physi-
ological temperature combined with studies indicating that CD23
can regulate IgE production (9, 36) appear contradictory. One po-
tential explanation is that the interaction with alternate ligands
such as CD21 (37), CD11 (38), or CD47-vitronectin (39) is both
not temperature sensitive and is triggering the observed IgE reg-
ulation. Alternatively, the multipoint interaction when both the
CD23 and surface IgE are membrane bound may make a lower
affinity interaction sufficient for triggering. More work will be re-
quired to understand the mechanisms involved.
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