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Background: IgE is now known to upregulate the expression of
FceRI on human basophils. It is not known which receptor on
basophils mediates this process of upregulation.

Objective: We sought to determine whether galectin-3, FfRl|
(CD23), or FeRI were involved in the upregulation of FeRI

by IgE.

Methods: The role of galectin-3 was examined by measuring
the influence ofa-lactose on upregulation. Basophils were
examined for expression of FeRIl (CD23) by flow cytometry
and messenger (m)RNA expression. Functional discrimination
between binding to FeRII or Fc eRI was examined through
the use of mutant IgE-Fc fragments or anti-FeRIl antibody.
Results: Upregulation of F&RI on basophils in the presence of
IgE was not altered by coincubation witha-lactose, eliminat-
ing a role for galectin-3. Basophils were not found to express
FceRll, as determined by flow cytometry with enriched
basophil preparations or RT-PCR with highly purified

basophil preparations. A mutant of the Fc fragment of IgE
(IgE-Fc), which binds to F&RI with a greater than 10-fold
lower affinity than IgE or wild-type IgE-Fc but exhibits no
change in affinity for FceRll, allowed us to distinguish
between the functions of the two Fc receptors. The mutant
(R334S; Henry et al 1997) was required at about 30-fold high-
er concentration than the wild-type IgE-Fc for the same stimu-
lation of FceRI expression on basophils, thus excluding a role
for FceRlIl in the response. In addition, treatment of basophils
with anti-FceRIl antibody (MHM®6), which is known to be
competitive with IgE, had no effect on the expression of ERI
or the ability of IgE to upregulate expression of FeRI.
Conclusion: Collectively, these data indicate that IgE interacts
with FceRI to upregulate its expression on human basophils. (J
Allergy Clin Immunol 1999;104:492-8.)
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Abbreviation used
EC50: Effective concentration for 50% of the maximun
effect
PIPES: Piperazine-N,N-bis-2-ethanesulfonic acid
SPR: Surface plasmon resonance

instance the total cellular mass okER¢to also decreases
and increasesThe increase in mass during incubation
with IgE indicates the synthesis ofdRia. Inhibition of

the increase in ERIa by cycloheximide in studies with
mouse mast cells supports this concludidinis not yet
clear whether synthesis is induced or constitutive. Upreg-
ulation occurs in purified cell preparations, and therefore
it is unlikely that IgE induces upregulation indirectly
through another cell typ&Denaturing IgE with heat
(56°C for 90 minutes) or blocking thes®Ce3 region
with specific mAbs blocks its ability to induce upregula-
tion.3 However, the upregulation induced by IgE is slow,
and the concentration dependence on IgE does not direct-
ly support the conclusion that upregulation occurs
through binding of IgE to FERla. On the basis of the
estimates of the equilibrium constant for human IgE
interacting through FaRlIa, one would expect that if
upregulation depended on the equilibrium conditions of
binding, then the effective concentration for 50% of the
maximum effect (EC50) would be between 10 and 50
ng/mL of IgE antibody. In human basophils the EC50 for
upregulation occurs at approximately 250 ng/mL, and the
concentration dependence is quite bréddis result

Recent studies have demonstrated the regulation craised some concerns about which IgE-binding receptor
cell surface FeRI expression on basophils and mast cellsmight be mediating the effects of IgE. The current stud-

obtained from either mice or humans by IgE antibgly.
In the absence of IgE, cell surfaceeRt decreases, and
in its presence cell surfacedRd accumulates. In either
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ies were performed to test the conclusion that upregula-
tion results from a direct interaction between IgE and
FceRla. Three possibilities were explored, namely that
IgE interaction occurs through &Rl, FceRIl, or eBP
(galectin-3). In a previous report we eliminated a fourth
possibility for interaction of IgE through CD32 on
human basophils by noting that high concentrations of
IgG (1 mg/mL) neither induced upregulation ofeRt

nor altered the upregulation induced by RJE.
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Piperazine-N,N-bis-2-ethanesulfonic acid (PIPES; Sigma
Chemical Co, St Louis, Mo) stock buffer (25 mmol/L PIPES con-
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taining 110 mmol/L NaCl, 5 mmol/L KCI, and 40 mmol/L NaOH well tissue culture—treated plates (Costar, Cornell, NY) as appro-
adjusted to pH 7.3) was stored at 10 times the above concentratiopriate.

We also used PAG (PIPESXlcontaining 0.003% human serum

albumin [Miles Laboratories Inc, Elkhart, Ind] and 0.1% glucose), Flow cytometry

PAGCM (PAG with 1.0 mmol/L CaGland 1.0 mmol/L MgG), A flow cytometric technique incorporating light scatter charac-

and PAG-EDTA (PAG with 1.0 mmol/L EDTA). teristics was used to quantifydRia chain expression on basophils
as described? Cell surface expression of éRla chain was detect-

Reagents ed by using a mouse IgG1 anti-humareRa chain mAb (22E7;

Purified IgE-PS myeloma was a gift from Dr T. Ishiz&ka. 9generously provided by J Kochan, Roche Pharmaceufaiad
Recombinant human IL-3 was obtained from Biosource (Camarillo,Was compared with labeling with an identical concentration of irrel-
Calif). IgE-Fc(WT) and IgE-Fc(R334S) were obtained by proce- €vant mouse IgG1 (Cqulter, Hial_eah, Fla). _The 22E7 antibody has
dures previously described and represent materials shown to be frd?€en shown to recognize an epitope that is unaffected di9idrc
of aggregates by HPLG8 The so-called IgE-Fc(WT) is only con- occupancy3 Aliquots of cells were labeled in PAG containing 0.2%
sidered a wild type with respect to R334S. Both IgE-Fcs bear zhuman serum albumin with 1 mg/mL human IgG to minimize non-
mutations, Asn265GIn and Asn371GIn, which were made to makesPecific binding to FyR 12 Each of the mAbs were used at concen-
the IgE more homogeneous by eliminating the exposed Carbohytrations predetermined to be optimal for labeling. Titration of the
drates. The conserved (buried) glycosylation site N394 was retaineMHM®6 antibody was performed on preparations of lymphocytes or
because it was thought that it may be important in the structureRamos cells (kindly provided by Dr Farhad Imani, JHU-AAC). Dilu-
MHMS6 antibody for flow cytometry of FeRIl was obtained from tions of 1:100 were used for these experiments. Binding of mAbs
Dako (Carpintaria, Calif). The messenger (m)RNA primer pair for Was detected by using saturating concentrations of R-phycoery-
analysis of FeRIl mRNA by RT-PCR was obtained from Operon thrin—conjugated —polyclonal goat anti-mouse I9G (Tago,
(Alameda, Calify with the following sequences: 5" -CGTGATGAT- Burlingame, Calif). An EPICS Profile flow cytometer (Coulter, Inc)
GCGGGGCTC and 5 -AGAGGAGCGGGAGATGTG. Conditions Was used to analyze fluorescent signals after excitation at 488 nm.
for using these primers were worked out on Ramos cells (kindly Bitmap” gates, which are intermediate between the forward and
provided by Dr Farhad Imani, Johns Hopkins University Asthma Side scatter characteristics Qf lymphocytes and monocyte;, were
and Allergy Center), which express high levels of this receptor. Theused to select for a population of cells that were predominantly
PCR procedure used standard reagents (PCR Kits; perkin_E|mebasoph'|Is. Because the cells were already enrlghed in basophils,
Foster City, Calif) with thermal cycling set for denaturing (94°C for these bitmaps can selegt a popul_atlon of cells t‘hat is gen_erally greater
45 seconds), annealing (66°C for 45 seconds), and extension (72°than 80% basophils, with the primary contaminants being lympho-

for 45 seconds) for 32 cycles. cytes. Data are expressed as the mean fluorescence in labeled cells
minus the mean fluorescence of IgG1 controls. Day-to-day variabil-
Cell preparation ity in the sensitivity of the flow cytometer was corrected by noting

Two t fb hil i d. Most of the st dor adjusting the photomultiplier tube voltage to generate the same
Wo types of basophil preparations were used. Most ot the stu signal for a set of standard calibration beads (Immunochek, Coulter).

es qsedl CSHS o_bbtaér;;d fro:.} Ieu_l;aphir]egs and wetr_e prepareg ‘For the analysis of MHM6 binding, the basophil preparations were
previously describetisasophil purity In these preparalions rangec g, jn. hated with rabbit FITC-labeled anti-IgE antibody, and the

0 o ) 0 )
from 15% to 95% with a median of 33%. In some experiments Ce”Sbitmap selected cells also gated on green fluorescence to focus on

xi;ﬁ(;jﬁ)l?_tﬁs Jgg& Egslpdr;Ertzldt\)llv?t%dE%yszslgﬁntZn(:joéj:rlﬁrizercglIceIIs that were exclusively basophils. The photomultiplier tube volt-

; . ) ) ge ages for red fluorescence (phycoerythrin staining) were set very high
at 50@‘for lS_mmu_tes o obtain a buffy coat. The buffy coat ceI_Is so that a full distribution of IgG1 control antibody staining could be
were diluted in saline and layered onto a 2-step Percoll gra.dlenappreciated. This high setting should also enhance the likelihood of
(uppgr Iaylelr, 1.065 g/mL; Iqwer layer, 1.079 g/mL), as d.escnbeddetecting low levels of binding (eg, with the settings used for
gs:(t))lz\l/)\:éeﬁﬁtehgcinotg;u%a;rzgl|E/it |45@f0r 15 mlr;utes, thz |nr:er-1 _basophils, Ramos cells were found to give off-scale distributions),

’ plasma upper layer and the 'O'although these settings also introduced considerable noise.
lower Percoll layer was harvested and washed as above (basopt In previously published studies the flow cytometric measure-
purity of 8% to 45%). The specific cell preparations used will be ments were calibrated, examining the fluorescence staining of 6

npted |fn éh;ztgxt. Ig):IeA °_f tk;}e prepatr)atlons}ﬁsed to exa;nlne ZXpre:donors’ basophils that spanned a moderate range of staining inten-
sion ot MRINA In iuman basophils was periormed on e (7 to 120 fluorescent units or 8000 to 140,00€RFper
basophils further purified by positive selection. The procedure hasbasophil) and simultaneously assessing receptor or IgE density by

bfen d$scr|bc7d EISEWh@an?ﬂ%" cells \INeEre_:_rI;:;blagt.egfc;rl 10 m'r_‘(; the acetate elution method. 22E7 staining (ordinate) compared with
utes with 1ug/mL mouse anti-human IgE (TES-19; kindly provid- . Fep density by acetate elution (after sensitizing with PS

ed by Dr Frances Davis at Tanox Corp) in the presence of 4 mg/mlmyeloma IgE as described above) was linear, with a slope of

n?rmtal humatn Ig(s tlo b'jfg Wpt:é er'ltt}!re prTﬁ_eglgiAwisﬁcarrled 0.00084 (ie, a fluorescence measurement of 100 represents approx-
atatemperature below n with 500 - Altera imately 120,000 receptors) and mavalue of 0.963.

subsequent 20-minute incubation with rat anti-mouse IgG2a+hb
paramagnetic beads (/107 cells), the cells were passed through Statistical analysis
a MACS mini-column (MACS system; Miltenyi Biotec Inc, Sunny-
vale, Calif). Both flow-through cells (contaminating mononuclear
cells) and column-bound cells (basophils) were collected.

The Student test was used for most statistical comparisons,
whereas other comparisons were done with a nonparametric
Wilcoxon signed-rank statistic or ANOVA. If errors or error bars are

Cell culture shown, they represent SEM unless otherwise indicated.

Enriched basophil preparations were cultured in Iscove's modi-RESULTS
fied Dulbecco’s medium media (Life Technologies) containing 2%
FCS, 40ug/mL gentamycin, and 10 ng/mL IL-3. The total cell A role for galectin-3¢BP) was excluded by perform-
density was x 108/mL, and culturing was done in 96-, 24-, or 6- ing upregulation experiments in the presence or absence
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FIG 1. Effect of a-lactose on the IgE-mediated upregulation of
FceRl on human basophils. Enriched basophils (average of 46%
purity) were cultured for 7 days in the presence or absence of IgE
antibody at 1 pg/mL and in the presence or absence of a-lactose
at 25 mmol/L (n = 3). Cell surface FceRl was detected by flow
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FIG 2. Upregulation of FceRI on basophils cultured in the presence
or absence of IgE-Fc(WT) or IgE-Fc(R334S) (n = 4). Basophils were
cultured with several concentrations of either fragment, noted on
the abscissa, for 7 days. Upregulation is expressed as the ratio of
FceRI expression on day 7 to its expression on day 1 as detected
by flow cytometry with 22E7. The starting average mean fluores-
cent intensity for 22E7 staining was 25 + 3 units, which is similar
to the starting FceRI densities for the previously published exper-
iments with PS myeloma IgE (see “Methods” section).3

cytometry by using mAb 22E7. The control mean fluorescent
intensity was 28 + 5 units.

TABLE I. Previously published binding constants for recombinant IgE-Fc binding to FceRl or FceRll

Type of assay Receptor Constant IgE-Fc(WT) IgE-Fc(R334S)
Cell binding FeRlI Ky 9.9+1.1x10° 7.5+£2.6x10°
K, 1.7 £0.2x 10> 2.0+0.1x 104
Kz 5.8x 1010 3.7x 1
SPR FeRI K¢1 1.2+0.8x 106 3.9+£3.2x10°
ks> 25+1.8x10® 9.3 +3.8x 10#
K1 1.0 £0.1x 102 4.6 £0.4x 103
Ko 2.0+£0.1x 104 9.9 +0.4x 103
Ka1 1.1x108 8.6x 106
Ka2 1.2x10° 1.0x 107
Cell binding FeRlIIl Ka 3.2 £2.4x 107 2.4 £3.9x 107

of a-lactose. Fig 1 demonstrates the absence of an effenative affinity for FERII. The relative decrease in binding
of 25 mmol/L lactose on upregulation, a concentrationaffinity of IgE-Fc(R334S) compared with IgE-Fc(WT)
which should completely inhibit the interaction of IgE differed between the cell-binding assay (a factor of 15)
oligosaccharide chains with galectii43l> and the SPR assay, which displayed biphasic binding
Interaction with FeRIl was examined by 4 different kinetics (a factor of 12 for }§ and a factor of 120 for f)
approaches. First, basophils were cultured with 2 fragbut can be regarded as a difference greater than 10-fold in
ments of the IgE molecule generated by recombinanall assays. The previously published measurementg of K
techniques. Both fragments contain the epsilon seconfor FceRIl in a cell binding assay (Table 1) have been con-
through fourth constant regionsgto G4) as a disul- firmed by SPR and show that the mutation had no effect
phide-linked dimer, which is referred to as the IgE-Fc, buion binding to this receptor. Fig 2 shows the concentration
they differ in that the IgE-Fc(R334S) has the arginine adependence of ERI upregulation on basophils cultured
residue 334 in the wild-type sequence replaced by serinewith either IgE-Fc(WT) or IgE-Fc(R334S). These data
The FeRI binding characteristics, as determined in cell-show that there is an approximately 30-fold difference in
binding and surface plasmon resonance (SPR) assayEC50 for upregulation of ERI, as would be expected if
have been previously publishgdnd the results are sum- IgE were interacting with ERla.
marized in Table I. The important distinguishing charac- Whereas the R334S mutation in IgE-Fc(R334S) might
teristic is that IgE-Fc(R334S) has a significantly lowernot have altered the binding affinity fordRll, this muta-
affinity for FceRI than IgE-Fc(WT) while retaining its tion might alter any functional consequence of this bind-
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FIG 3. Lack of FceRll expression on the basophil cell surface as detected by flow cytometry with MHMS6.
Enriched basophil preparations (average purity of 35% + 10%) were examined by flow cytometry by using a
1:100 dilution of MHM®. The left panel shows the results for one experiment. The right panel shows the aver-
age of results from 9 different preparations of basophils, with the data expressed as the ratio of mean fluo-
rescence for cells incubated with MHM®6 versus control antibody (irrelevant mouse IgG at 50 pg/mL).

ing. Therefore additional studies were carried out to teswith the expected density of a band derived from the con-
for FeRII expression on human basophils. Basophils aretaminating cells diluted to this extent. In data not shown,
not known to express CD23, as tested by flow cytometrythe house-keeping mRNA for hypoxanthine phosphori-
However, flow cytometry is not a sensitive technique bosyl transferase was readily detected in both samples
when used on basophils obtained by dextran sedimenteobtained from basophils and contaminating cells by
tion or single step density gradients (purities <2%); using the appropriate primers.
expression levels less than 5000 molecules per cel MHM®6 antibody has been found to induce biologic
would not be detectel:. However, by using more responses in systems in whickeRd is known to play a
enriched basophil preparations (>20%), flow cytometry role16-20 and it is known to be competitive with IGE.
is somewhat more sensitive and able to detect IgE densTherefore we examined whether this antibody could
ties at around 1000 per cell. Therefore partially enrichedinfluence the upregulation of &l on basophils in a 7-
basophil preparations were tested foeMt expression  day culture with or without IgE antibody. As shown in
by using MHM6 antibody. As demonstrated in Fig 3, Fig 5, MHM6 caused no significant changes in the
there was no difference in the flow cytometric distribu- expression of FaRla at any of the concentrations tested,;
tions when control mouse IgG or MHM6 were used asno effect on FeRIa expression in the absence or pres-
the primary antibodies. ence of IgE was observed. Parenthetically, although the
Fig 4 demonstrates that ¢RIl could not be detected absolute concentration of the commercial MHM6 anti-
in basophil mMRNA preparations examined by RT-PCR.body is not known, as noted in the flow cytometric stud-
Basophils were purified to near homogeneity by positiveies (see “Methods” section), titration of the antibody
selection, and their mMRNA was extracted. The mRNA showed that a 1:100 to 1:300 concentration provided
from contaminating cells remaining after positive selec-optimal labeling of Ramos cells.
tion was also examined after extraction. Fig 4 shows 3
preparations of purified basophils compared with the DISCUSSION
contaminating cells. The right halves of the gels show the
results for serially diluted samples of the contaminating Collectively, these data indicate that there is no inter-
cell mRNA. The left halves of the gels show results for action of IgE with either galectin-3 or €Rll. There are
serially diluted samples from basophils. In 2 of the lowerindications that galectin-3 is expressed in human
purity basophil preparations (95% and 94%), a closebasophils2? although current thinking suggests that if
inspection reveals a faint band in the lane representinsome of this galectin-3 is found outside the cell, it is
undiluted samples, the density of which is consistentprobably bound to cell surface carbohydrates by its
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FIG 4. RT-PCR of mRNA derived from purified basophils or contaminating cells from the same preparations
(see “Methods” section). The left side of the figure shows results for basophils, with 3 dilutions of the origi-
nal sample, and the right side of the figure shows the results for the contaminating cells. The purity of the
basophil preparations is noted on the left (n = 3).
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FIG 5. Effect of treating basophils with MHM®6 antibody. Basophils were cultured with or without IgE antibody
at 1 pg/mL in the presence or absence of several dilutions of MHM®6 antibody. After 7 days of culture, the cells
were harvested and analyzed by flow cytometry with 22E7. Data are expressed in arbitrary fluorescence units
(n=3).

lectin-binding domain. If so, it is more difficult to envi- FceRI. The lack of inhibition bya-lactose excludes any
sion how it could also then interact with extracellular such involvement becauselactose at the concentrations
IgE. Nevertheless, we sought and found a more definitiviused prevents binding to Ig§:15.23

test of galectin-3 involvement in the upregulation of Four methods were used to test the likelihood that IgE
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interacts with FeRIl on basophils. No evidence could be FceRI to upregulate its expression, but the precise expla-

found for basophils expressing even low levels eRFk

nation for the in vitro results concerning concentration

Although the RT-PCR procedure detected a faint band odependence awaits further study.

mRNA from purified basophil preparations, the intensity

of the band from undiluted samples was consistent witfREFERENCES

it coming from the small number of contaminating cells 1.
in these basophil preparations. Indeed, the band wa
somewhat fainter than if 5% to 10% of contaminating ,
cells were contributing to its presence, based on the dilu
tional RT-PCR data shown in the right half of Fig 4. Flow
cytometric data and functional data obtained by usinc
MHM®6 supported this conclusion. Finally, the difference
in the ability of IgE-Fc(WT) and IgE-Fc(R334S) to
upregulate FeRI expression was consistent with IgE 4.
interacting with FeRla because the 30-fold difference
agrees with the observed difference in affinity of IgE-Fc
R334S and wild-type for ERla.

The conclusion that IgE antibody interacts with
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tration-dependence for upregulation appears shifted t ¢
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