Signal transduction pathways triggered
by the FccRllb receptor (CD23) in human
monocytes lead to nuclear factor-kB

activation
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Background: Alveolar macrophages play a key role in the initi-
ation of the inflammatory reaction of allergic asthma. Alveolar
macrophages and peripheral blood monocytes are activated
when IgE/allergen immune complexes bind to the CD23 recep-
tor, which leads to the production of inflammatory cytokines.
Objective: We sought to investigate the molecular mechanisms
regulating this early inflammatory response. We have focused
on the study of the signal transduction pathways triggered by
CD23 in human monocytes and the promonocytic cell line
u937.

Methods: CD23 was cross-linked in human monocytes and
U937 cells with IgE immune complexes. Surface expression of
CD23 was determined by FACS analysis. Transcription factor
activation and gene transcription were studied by gel-shift
assays and Northern blot analysis, respectivelykBa phospho-
rylation and degradation was analyzed by Western blot.
Results: Nuclear factor (NF)kB is the main transcription fac-
tor involved in the gene activation that follows CD23 cross-
linking in monocytes. CD23-induced NF«B is a heterodimer
composed of p65/p50 subunits. NKB nuclear translocation is
secondary to the phosphorylation and subsequent degradation
of the NF«B inhibitory molecule IkBa. Tyrosine
kinase—dependent, and not protein kinase C—dependent, path-
ways mediate CD23-triggered NF«B activation but do not
participate in the direct phosphorylation of IkBa. IkBa degra-
dation and NF«B nuclear translocation correlate with tran-
scriptional activation of the inflammatory cytokines TNF-a

and IL-1.

Conclusions: NFkB is the main transcription factor involved

in the signal transduction pathway of CD23 in monocytes. (J
Allergy Clin Immunol 1999;104:376-87.)
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Abbreviations used
AP-1: Activation protein-1
AM: Alveolar macrophage
CREB: cAMP response element binding factor
DMSO: Dimethyl sulfoxide
DTT: Dithiothreitol
GoHIgE: Goat anti-human IgE
HEPES: N-2-hydroxyethylpiperazine-N-2-ethanesulfoni
acid
NF: Nuclear factor
PE: Phycoerythrin
PKC: Protein kinase C
P-Tyr: Antiphosphotyrosine antibody
SP-1: Promoter selective transcription factor
TK: Tyrosine kinase

leukocytes and in consequent damage to the bronchial
epithelium! AMs express the low-affinity receptor for
IgE (FeRII), also called CD23. CD23 specifically binds
IgE-allergen complexes and plays an important role in
the pathogenesis of IgE-mediated immuaity.

Two types of FeRII have been described in humans,
FceRlla and FeRIIb, which are encoded by the same
gene but are distinctively regulaté&ceRlla is constitu-
tively expressed in mature B cells and seems to be
involved in B-cell growth and differentiation, antigen
presentation, and downregulation of IgE synthésis.
FceRIIb is primarily expressed on circulating monocytes,
AMs, B lymphocytes, and eosinophils of atopic individ-
uals, whereas its expression is very low or undetectable

Allergic asthma is characterized by inflammation of in these cells from normal subjects. Surface expression

the bronchial epithelium with an increase of alveolarof FcRIIb is upregulated by IL-4 and IL-13 at the tran-
macrophages (AMs) and infiltration of eosinophils. AMs scriptional levek FceRIlb seems to be important in the
are the initial cells to encounter the allergen in the airwayeffector phase of IgE-mediated immunity, playing a role
by processing and presenting it to the T lymphocyte. Thidn cell activation. The binding of IgE/allergen complexes
AM/T-cell interaction results in activation of many other to CD23 induces cross-linking of this receptor and trig-
gers the release of proinflammatory mediators and
cytokines from monocytels?’ These molecules are essen-
tial in the development of the allergic reaction that results
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monocytes induces both an increase of intracellular cal-
cium and the release of prostaglandins.
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Little is known about the signal transduction pathwaysinduction and analysis of CD23 and FceRI
triggered by CD23 cross-linking. Increased levels ofexpression

cyclic adenosine monophosphate have been .noted N Y937 cells grown at a density of 0.88.0° cells/mL or human

lymphocytes, monocytes, and the promonocytic cell linémonocytes adhering to plastic tissue culture flasks were incubated

U937 after CD23 cross-linking. This is accompanied bywith 10 ng/mL recombinant human IL-4 (R&D Systems) for 48

increases in intracellular calcium in B lymphocytes, buthours. Surface CD23 expression was analyzed in a flow cytometer

not in monocytes or U937 cefs. (FACScan, Becton Dickinson) by using phycoerythrin (PE)-conju-
Nuclear factoB (NF-kB) is a transcription factor 9ated anti-CD23 or the PE isotype-matched control antibody (Bec-

that activates transcription of genes that mediate immunton Dickinson) by standard procedures. Surface expressiorRf Fc

functions. NFkB is rendered inactive in the cytoplasm of Va$ a”a'yzedgby staining the cells with mAb 15.1 directed ta-the

most nucleated cells by the inhibitory protei] On cell ~ c1ain of FERIPor an isotype control followed by incubation with a
o . . PE-conjugated rabbit anti-mouse antibody (Sigma Chemicals).

activation, kB is phosphorylated and degraded, allowing

NF-kB to be released. Free B translocates to the Reverse transcription polymerase chain

nucleus where it binds specific decameric sequencergaction

present in the promoter of multiple gedéSeveral path-

ways that lead ta«B phosphorylation at different sites of FceRlapy by the RNAzol method, following the manufacturer’s rec-

iBed4 . .
the m0|eCU|e_‘ ha_lve been des_cr'B " ommendations (Tel-Test Inc). cDNA was generated withud ®f
Glucocorticoids are effective anti-inflammatory drugs rna, 20 ng/mL oligo-dT, 0.5uL AMV-reverse transcriptase

that.arcla widely used for the treatment of asthma. Gluc_O(Boehringer Mannheim), 0.1L Rnase inhibitor (Boehringer
corticoids have been shown to exert immunosuppressivMannheim), and 2 mmol/L dNTP in a volume ofydld RT-PCR was
action in part by inducingkB gene transcription and performed by means of standard PCR withL1of cDNA and the

consequently inhibiting NikB—mediated transcription- following primers: 5-ATGGCTCCTGCCATGGAA-3 and 5'-
al activationt5 In addition, many of the genes induced in GTTGTTTTTGGGGTTTGGCT-3" for FeaRla and 5'-CAGAACG-
AMs after CD23 cross-linking are regulated by NF- GCCGATCTCCAGCCCAAGATG-3" and 5'-GCCAAAGAA-

kB.11 Therefore NF«B is a likely candidate to mediate CAATATGACCGCATCTATTCTAAAG-S for FeRIy.
the signal transduction pathway triggered by the aIIer-c : .

S ; S ell stimulation
gen/IgE activation of CD23 in AMs. Preliminary data
has shown that CD23 cross-linking by a specific mAb or

by IgE-(_JInltrophen)lllléxgomglexes can mguczg‘cnvatlon OfIgE (Fitzgerald Industries Int) for 1 hour at 37°C. The cells were
NF-kB in U937 ce and rat macrophages,respec- o centrifuged and resuspended in fresh media containing 20

Five|Y- In addition, recent stugiies have. feported thepg/mL affinity-purified goat anti-human IgE antibody qBIgE,
importance of NF«B in airway inflammation in asth-  Fitzgerald Industries Int) at 37°C for various times.

mals.19 TNF-a stimulation. U937 cells were incubated at %5 106
Elucidating the molecular mechanisms of CD23 sig-cells/mL in 6-well plates with media containing 10 ng/mL human

nal transduction in human monocytes is important tcTNF-a (Genzyme) for various times.

understand the pathogenesis of atopic diseases. Thel Pervanadate stimul'atiorU93_7_ce|Is (16) were resu_spended in

fore we have investigated the transcription factors an@90 KL of RPMI media containing 0.5% BSA and incubated at

their regulatory molecules, which are targets of CD233" C for 5 minutes with 1QL of pervanadate (Rmol/L. Navoy,

activation. We demonstrate that KB-and kBa are the 0.2% H0O,). The reaction was stopped with 1 mL of ice-cold stop

. | | . wved in th - | ducti fsolution (20 mmol/L Tris, 50 mmol/L NaCl, 5 mmol/L EDTA, 30
main molecules involved in the signal transduction of, g Na,P,O, and 50 mmol/L NaF). The cells were lysed with

FceRIIb in monocytes and the promonocytic cell line 201 of Iysis buffer (10 mmol/L Tris, 50 mmol/L NaCl, 5 mmol/L
U937. We describe the pathway leading#Bd phos-  EDTA, 50 mmol/L NaF, 30 mmol/L N#,0;, 100umol/L NaVvOy,
phorylation and subsequent MB- activation triggered 1% Triton X-100, and 2 mmol/L phenylmethylsulfony! fluoride) at

Total RNA was obtained from U937 cells, monocytes, or U937-

CD23 cross-linkingCells were incubated at>*6106 cells/mL in
6-well plates with 2Qug/mL affinity-purified monoclonal human

by F&RIIb. 0°C for 10 minutes.
METHODS Nuclear extraction and gel mobility shift
Cell lines and culture conditions assay

The promonocytic cell line U937 was obtained from the Ameri-  Nuclear protein was extracted by using a modification of the
can Type Tissue Collection and maintained in culture in RPMImethod of Dignam et &P Briefly, 107 cells were washed with buffer
media supplemented with 5% heat-inactivated FBS (Intergen)A (10 mmol/L N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid
Monocytes were purified from human buffy coats by Ficoll- [HEPES], 1.5 mmol/L MgGJ, and 10 mmol/L KCI). Cells were then
Hypague gradient separation followed by adherence to plastic tisstlysed with buffer B (buffer A containing 0.1% Nonidet P-40) for 4
culture flasks overnight in RPMI media with 10% human AB serumminutes at 0°C and washed with buffer A. The nuclear pellet was
(Gibco). Nonadherent cells were removed, and the adherent popiresuspended in 20L of buffer C (20 mmol/L HEPES, 25% glyc-
lation was incubated in the same media for an additional 48 hourserol, 0.42 mol/L NaCl, 1.5 mmol/L Mggland 0.2 mmol/L EDTA)
U937 cells stably transfected with the (3-, andy-chains of FeRlI and incubated at 4°C for 30 minutes in a rotator. After centrifugation,
(U937-FeRapy) were kindly provided by J. P. Kinet (Beth Israel the supernatant was diluted with 40 of buffer D (20 mmol/L
Deaconess Medical Center, Boston, Mass) and maintained in cuHEPES, 20% glycerol, 0.05 mol/L KCI, and 0.2 mmol/L EDTA) and
ture in RPMI media with 10% FBS. All culture media contained stored at —70°C. All buffers contained 0.5 mmol/L phenylmethylsul-
100 U/mL penicillin/streptomycin and 2 mmolikglutamine. fonyl fluoride, and buffers B, C, and D also contained 0.5 mmol/L
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dithiothreitol (DTT), 2ug/mL aprotinin, 2ug/mL leupeptin, and 2  Inc). Ten micrograms of RNA were electrophoresed in a 5% formalde-
ug/mL pepstatin. Proteins were quantified by using the Bio-Rad prohyde 1% agarose gel and transferred overnight to a Hybonaeh-

tein assay. For mobility shift assaygi@of protein extract was incu- ~ brane (Amersham). Equal amounts of RNA were loaded in each well,
bated with {32P)adenosine triphosphate—labeled double strande@s assessed by ethidium bromide staining of the gel. The membrane
oligodeoxynucleotide probe at room temperature for 15 minuteswas hybridized with aro@2P)-labeled probe for 2 hours, washed with
with 3 L of binding buffer and Jug of polydldC (Pharmacia), as standard saline citrate buffer (0.3 mol/L NaCl and 0.03 mol/L Na cit-
previously describegt The binding buffers used were the following: rate), and autoradiographed. The probes were obtained by amplifying
100 mmol/L HEPES, 300 mmol/L KCI, 20% Ficoll, 0.05% NP-40, 315 and 400 nucleotide long regions of the huthaty3 and TNF-a

and 0.5 mg/mL BSA for the NKB reaction; 60% glycerol, 60 genes, respectively, by a PCR reaction with cDNA from U937 cells
mmol/L HEPES, 300 mmol/L KCI, 25 mmol/L Mg&I120 mmol/L and specific oligonucleotides (IL-1: 5"-GACACATGGGATAAC-
Tris-HCI, and 25 mmol/L EDTA for the activation protein-1 (AP-1) GAGGC-3" and 5"-GGGATCTACACTCTCCAGCTG-3"; TNE-5'-
reaction; 50 mmol/L HEPES, 30 mmol/L MgCR50 mmol/L KCl, TAGCCCATGTTGTAGCAAACCC and 5-TCGGCAAAGTCGA-

and 2.5 mmol/L DTT for the CAMP responsive element binding fac-GATAGTC-3"). The probes were labeled witt?#P)dCTP by using a

tor (CREB) reaction; and 50 mmol/L Tris-HCI, 250 mmol/L NaCl, random primer DNA labeling kit (Pharmacia) and purified over G-50
25% glycerol, 5 mmol/L EDTA, 0.5 % NP-40, and 5 mmol/L DTT quick spin columns (Boehringer Mannheim).

for the promoter selective transcription factor-1 (SP-1) reaction. In

some reactions the nuclear proteins were incubated with polyclonfRESULTS

anti-p50, anti-pe5, anti-p52, or anti-cRel antibodies (Santa CruzNF-kB is the major transcription factor

Blotech‘nologyAntlbodles) for 5 minutes at room tempergture beforeinvolved in FesRllb signal transduction
the radiolabeled probe was added. The binding reaction was ani

lyzed by electrophoresis in a nondenaturing 5% polyacrylamide ge 10 investigate the signal transduction pathway or path-
and visualized by autoradiography. DNA binding competition wasways activated after ERIlb receptor cross-linking that
assessed by preincubating the extract with a 40-fold excess of unllead to the transcription of inflammatory cytokines, we
beled oligonucleotide. The oligonucleotides used in the bindingfirst focused on the study of transcription factors that are
reaction corresponded to the MB- binding sequence present known to be involved in the synthesis of such cytokines.
within the enhancer of the HIV long terminal repeat (5'- CD23* monocytes and U937 cells were generated by
ACAAGGGACTTTCCGCTGGGGACTTTCCAGGGA-S) or the. 4o qting naripheral blood monocytes and U937 cells with

AP-1, SP-1, or CREB consensus binding sequences (Promega). Tl . .
double-stranded probe was end-labeled w#P)dATP by using IL-4, as previously describédhlthough both U937 cells

polynucleotide kinase. and hum{in monocytes express a basgl level of ;urface

i i . CD23 (Fig 1,b and f, respectively), its expression
Cytosolic extracts, immunoprecipitation, and  jncreased after 48 hours of IL-4 treatment, as assessed by
Western blots FACS analysis (Fig 1d andh).

Cytosolic proteins were obtained from the supernatant of the cel:  Surface expression of ERl was also assessed by
lysed with buffer B (see above). In some experiments | 2D6f FACS with an antibody directed against tkehain of
cytosolic proteins were immunoprecipitated with an ammonium sul-this receptor (antibody 15.1). Neither U937 nor human
fate—precipitated rabbit anti-huma¢Bla antibody linked to protein G monocytes expressed surfaceRE(Fig 2,b andf), even
sepharose (Gibco) and rabbit anti-humagRFgantibody (kindly pro- after treatment with IL-4 (Fig & andf). As a positive
vided by P. Leibson, Mayo Clinic, Rochester, Minn) linked to protein control, we used U937 cells stably transfected with-Fc

A agarose (Gibco) at 4°C for 2 hours. In other experimentgy2f . . .
crude extract cytosolic proteins were used. Proteins were denatured \RlaBy’ which expressed high levels oféRia (Fig 2,h).

boiling, separated by SDS 10% to 12% PAGE, and transferred tlTO further analyze the presence otRtin U937 cells .
Immobilon-P membranes (Millipore) by standard procedures. Recom@nd monocytes, RT-PCR was performed to amplify
binant kBa (rlkBa) was produced after cloning the complete coNA MRNA encoding ther- andy-chains of this receptor (Fig
of human kBa into a pGEX-GST system. Immunoblotting was done 3). Although monocytes expressed botreRlax and
with polyclonal rabbit anti-humarBa (obtained by immunizingrab-  FceRIly (Fig 3, lane 3, we were unable to detect any
bits with rikBa) or with anti-phosphotyrosine antibody (P-Tyr; 4G10 FceRla in U937 cells before or after IL-4 treatment (Fig
mADb, Upstate Biotechnology) and visualized by using an enhanceg, lanes land?2, respectively). As expected, U937 cells
chemoluminescence Western blotting detection kit (Amersham). Tq, 54 significant amounts of &Rly because this chain is
ensure equal amounts of protein loading, Western blot membraneshared with the R& (Fig 3,lanes 1and2).

were also blotted with an affinity-purified polyclonal rabbit anti- LN .
humanB-actin antibody (Sigma). In some experimentsi§0nL of a The lack of a significant role for ERI in U937 cell

calpain | inhibitor (ALLN, Boehringer Mannheim) on@8nol/L of the activation bY IgE 'mmun? _complexes was also dem_on'
protein kinase C (PKC) inhibitor bisindolylmaleimide | (GF 109203x, Strated by immunoprecipitation and phosphorylation
Calbiochem) were added to the cell cultures for 1 hour before cD2:analysis of FeRIy. As shown in Fig 4, FaRly immuno-
cross-linking. In some experimentsuol/L of the tyrosine kinase —precipitated from cytoplasmic extracts of IL-4—treated
(TK) inhibitor herbimycin (Calbiochem) reconstituted in 1.7 mmol/L U937 cells was not phosphorylated after stimulation with
dimethyl sulfoxide (DMSO) was added to the cell cultures 18 hours|gE immune complexeflane 2)compared with cells
b_eforg the CD23 cross-linking. In the ex_periments in whi_ch _h_er‘stimulated with pervanadagtane 4).
E:;"\)’ST ("S"?Smuse‘j' 1 ';‘g"?j'/t'- i’:‘ tTe _tyrgsf'f”e ‘;h‘f’fSpgatase inhibitor  Having ruled out the involvement of &1 in the acti-
gma) was added to the lysis buffer (buffer B). vation of U937 cells after stimulation with IgE immune
Northern blot analysis complexes, we then proceeded to study the role of CD23
Total RNA was extracted from 1@ells by using the RNAzol 0N these cells and human monocytes.
method, according to the manufacturer's recommendations (Tel-Tes  To characterize the activation of transcription factors
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FIG 1. IL-4 induction of CD23 in U937 cells and monocytes. Flow cytometric analysis of U937 cells (a to d) or
human monocytes (e to h) with PE-conjugated CD23 (b, d, f, and h) or isotype-matched IgG1 (a, ¢, e, and g) is
shown. Cells were cultured for 48 hours in the presence (¢, d, g, and h) or absence (a, b, e, and f) of IL-4. The
numbers in the upper quadrants indicate percentage of positive cells. FSC, Forward scatter.

after CD23 cross-linking, we analyzed the DNA-binding cient to induce N&B activation (Fig 5A, lane 1Q. The
properties of nuclear extracts from stimulated cells. GelCD23-activated NFB complex was similar to the NF-
mobility shift assays indicated that cross-linking of kB complex induced by TNIe-treatment of the cells
CD23 in U937 cells induced the nuclear translocation of(Fig 5, A, lane 11 and was composed of a p65/p50 het-
the transcription factor NkKB (Fig 5, A, lane 4 but did erodimer, as indicated by the disappearance of the NF-
not modify the binding activity of the transcription fac- kB band after incubation with anti-p65 or anti-p50 anti-
tors SP-1, AP-1, and CREB (Fig B). The amount of  bodies (Fig 5A, lanes 5and6, respectively). Incubation
NF-kB that translocated to the nucleus after CD23 crosswith anti-cRel or anti-p52 antibodies did not interfere
linking was much greater in U937 cells treated with IL-4 with the CD23-triggered NkB (Fig 5,A, lanes 8and9,
than in nontreated cells (Fig A, lanes 4and2, respec-  respectively). The induced NEB band was completely
tively), suggesting a direct correlation between ®B--  inhibited by the addition of a 40-fold excess of unlabeled
activation and the level of CD23 expression on U937 probe (Fig 5A, lane 7, indicating specific binding.

cells (Fig 1). IgE sensitization was necessary for CD23 A similar analysis performed with nuclear extracts
cross-linking because theo®lIgE by itself was insuffi-  obtained from human monocytes indicated that CD23
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FIG 2. Analysis of surface FceRIl expression on U937 and monocytes. Flow cytometric analysis of U937 cells
(a to d), human monocytes (e and f), or U937-FceRIoBy (g and h) with mAb 15.1 (b, d, f, and h) or isotype-
matched IgG1 (a, ¢, e, and g) and PE-conjugated rabbit anti-mouse antibody is shown. Cells were cultured for
48 hours in the presence (c, d, e, and f) or absence (a, b, g, and h) of IL-4. The numbers in the upper quad-

rants indicate percentage of positive cells.

cross-linking of these cells induced MB- nuclear
translocation (Fig 5C, lane 3, whereas stimulation of
monocytes with the @HIgE secondary antibody without
prior sensitization with IgE did not induce NdB
translocation (Fig 5C, lane 6, indicating that these
results are not a nonspecific effect from theHIgE.

not inhibited by preincubation with antibody 1%lane
3). This data again confirms that NB- activation seen
after IgE immune complex stimulation is not mediated
by FeRI.

Overall, these results indicate that CD23 cross-linking
on U937 cells and monocytes results in selective activa-

The induced band was also upshifted by incubation witttion of the transcription factor NkB.

anti-p65 and anti-p50 antibodies (Fig% Janes 4and5,
respectively).

To confirm the lack of involvement of ERI in medi-
ating the NFkB signal, U937 cells were treated with 10
pg/mL of antibody 15.1 for 45 minutes followed by stim-
ulation with IgE and @HIgE as above. Antibody 15.1

The activation of NF-kB after CD23 cross-
linking correlates with the induction of
transcription of inflammatory monokines

To study whether the CD23-induced KB-transloca-

has been shown to block IgE binding at this concentration correlated with the transcriptional activation of inflam-

tion by binding to the IgE site in the éRla.8 Fig 5,D,
shows that NFB induced by IgE/ GHIgE (lane 2)was

matory monokines, Northern blots of RNA obtained from
human monocytes before or after CD23 cross-linking
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FIG 3. Analysis of mRNA FceRl expression on U937 cells and
monocytes. RT-PCR of RNA from untreated (lane 1) or IL-4-treat- 1 2 3 4
ed U937 cells (lane 2), IL-4 treated monocytes (lane 3), or U937-
FceRlaBy (lane 4) with primers for FceRla and FceRly is shown. FIG 4. Analysis of FceRly phosphorylation in U937 cells. Western

blotting of FceRly immunoprecipitated from cytosolic extracts from
U937 cells (lanes 1 and 2) or U937-FceRlapy (lanes 3 and 4)
were performed. Monocytes were treated with IL-4 for 48immunoblotted with P-Tyr antibody (upper panel) or anti-FceRly
hOUI’S, and total RNA was obtained after 2 hours of CDZE(/‘_’WE’ panel{ _is s_hown. IgE/GaHIgE indicates CD23 crf)ss—linking
cross-linking. The results shown in Fig 6 suggest tha™ 2 8tieran o, o s e envanadne
CD23 cross—llnklng induced transcnptlon of both TF- for 2 minutes as described in the Methods section (lane 4).
and IL-138 genes(lane 3) demonstrating the functional
relevance of NB activation in the transcription of the
NF-«kB-dependent genes TNFand IL-183. absence of ALLN lanes 2to 4). However, a slower
] migrating form of kBa could be detected 10 minutes
Phosphorylation of IkBa precedes NF-xB after CD23 cross-linking in cells treated with ALLN
activation triggered by CD23 cross-linking (lane 9) The kinetics of CD23-inducesBa phospho-
Because NRB is anchored in the cytoplasm by a rylation and degradation was slower than that triggered
number of inhibitory proteins from th&B family, we by TNF-a, which was detected as early as 1 minute after
first focused our studies to investigate whether modifica-treatmenilane 6)
tions of kBa occurred after CD23 cross-linking. These results indicate that phosphorylationdd
By using Western blot analysis and immunoblotting of occurs after CD23 cross-linking and is followed by rapid
IkBa in cytosolic extracts, we demonstrate that the degradation of the molecule.

CD23-induced nuclear translocation of MB-in U937 . . .
cells and monocytes tightly correlates with the disap-CDZ3"m:hmecl phosphorylation of IkBa is

pearance of cytoplasmigBa (Fig 7, A, lane 4and Fig indirectly mediated by TK-dependent signal
7,B, lane 2. These results indicate that MB-activation ~ transduction pathways
triggered by CD23 cross-linking results in the specific
degradation ofdBa in the cytoplasm, which has previ- Recent studies have demonstrated tkBtil phospho-
ously been shown to be mediated by the proteod8me. rylation is dependent on specific serine kinases and TKs
IkBa degradation was greater in U937 cells treated withthat act at different domains on the molecule. In addition,
IL-4 than in untreated cells (Fig A, lanes 4and 2, PKC and TK have also been shown to participate in
respectively), once more confirming a correlation upstream signal transduction pathways that leadBa |
between the degree of surface CD23 expression and ttphosphorylatior}3-15 Taking advantage of specific phar-
activation of signal transduction pathways leading to macologic inhibitors available to block PKC and TK, we
IkBa degradation (Fig 1). have investigated whether these kinases play a role in the
Because the degradation @Bl in the proteosome is  signal transduction of CD23 in U937 cells. U937 cells
preceded by specific phosphorylation modificatibhs, were pretreated with PKC- or TK-specific inhibitors
we attempted to inhibit the proteolytic machinery of the before CD23 cross-linking anéBa protein levels were
proteosome with ALLN, a calpain | inhibitor, to investi- analyzed by Western blot and immunoblotting. As shown
gate whether CD23 activation leads to a slower migratingin Fig 9, A, degradation ofdBa triggered by CD23
form of IkBa. IL-4—treated U937 cells were either sensi- cross-linking (lane 3) was not affected by the PKC
tized or unsensitized with IgE in the presence or absencinhibitor GF 109203X(lane 4) but was completely
of the proteosome inhibitor ALLN. The cells were then blocked by the TK inhibitor herbimyciflane 8) GF
stimulated with GHIgE to induce CD23 cross-linking 109203X was shown to be active in inhibiting the phos-
followed by lysis at different times. Western blots were phorylation of kBa triggered by phorbol myristate
performed to detect kBa in cytosolic extracts. acetate and ionomycin in Jurkat T cells (results not
Immunoblotting was also done wifltactin to indicate  shown). In addition, translocation of N@B triggered by
that equal amounts of protein were analyzed for eactCD23 cross-linking in U937 cells was also completely
sample. Our results in Fig 8 show theB& was degrad-  inhibited by herbimycin (Fig 9B, lanes 3and4), as
ed as early as 10 minutes after CD23 cross-linking in thedemonstrated by gel shift assays. These results suggest
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FIG 5. Activation of NF-kB by CD23 cross-linking. Gel mobility shift assays with nuclear extracts from U937
cells (A, B, and D) or monocytes (C) are shown. IgE/GaHIgE indicates CD23 cross-linking with IgE sensitization
for 1 hour followed by treatment with GaHIgE for 30 minutes. GaHIgE indicates treatment with GaHIgE for 30
minutes without presensitization with IgE. TNFa indicates treatment with TNF-a for 30 minutes (A, lane 11).
p65, p50, rel, and p52 are antibodies to NF-kB subunits that were added before incubation with the radiola-
beled probe (A and C). kB indicates competition with a 40-fold excess of unlabeled probe (A, lane 7). 15.1 Ab
indicates incubation with this antibody for 45 minutes before treatment with IgE and GaHIgE (D, /ane 3). Radi-
olabeled probes corresponded to the DNA binding sequences for NF-kB (A, C, and D), SP-1 (B, lanes 1to 3),
AP-1 (B, lanes 4 to 6), or CREB (B, lanes 7 to 9).
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FIG 6. CD23 cross-linking induces gene transcription in mono-
cytes. Northern blot analysis of total RNA from human monocytes
hybridized with probes for human IL-1B or TNF-a is shown.
IgE/GaH indicates CD23 cross-linking with IgE sensitization for 1
hour followed by treatment with GaHIgE for 2 hours.

that CD23-inducedkiBa phosphorylation is mediated by
TK and is independent of the PKC pathway.
To verify that herbimycin inhibition ofkBa degrada-

for 18 hours. Our results demonstrated no difference in
CD23 expression on herbimycin-treated cells compared
with control cells (not shown), indicating a role of TK in
the signal transduction pathway initiated by CD23.

To determine whether the target of the CD23-induced
TK activity was kBa, IkBa was immunoprecipitated
from cytosolic extracts of U937 cells after CD23 cross-
linking with or without ALLN. As shown in Fig 10, West-
ern blot followed by anti-P-Tyr immunoblotting did not
show the presence of phosphorylated tyrosine residues at
the position at whichkBa migrates in the immunopre-
cipitated sampledgnes 1to 4, upper panél The P-Tyr
antibody was shown to detect phosphotyrosine residues in
whole cell lysates of control pervanadate-treated U937
cells (ane 6 upper panél IkBa immunoblotting of the
membrane previously used for P-Tyr immunoblotting
revealed the presence of a slower migrating hyperphos-
phorylated form ofBa induced after CD23 cross-link-
ing in the ALLN-treated cellslgnes 3and 4, lower
pane). As expected,KBa was not detected in cells after
CD23 cross-linking in the absence of ALLMrfe 2

tion was not caused by an effect on CD23 expressiorlower pane). These results indicate thatBa is not
surface CD23 was measured by FACS in IL-4—inducecdirectly phosphorylated in tyrosine residues after CD23
U937 cells either treated or untreated with herbimycincross-linking and suggest the key role of a TK in the
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FIG 8. Phosphorylation of IkBa induced by CD23 cross-linking.
Western blot analysis of cytosolic proteins from U937 cells
|QB G:IHli - + immunoblotted with antibodies to IkBa and B-actin is shown.
I1L-4 + | + Cells were sensitized with IgE for 1 hour, and CD23 cross-linking
was performed by incubation with GaHIgE for the indicated times
E.-Ac:tin — --ﬂ (in minutes). TNF-a treatment was done for 1 minute (lane 6).
Arrows indicate the migration of the phosphorylated form of IkBa
(IkBa-P), unphosphorylated IkBa, and B-actin.
IxBo —
B 1 2 cytes then secrete these gene products, which have been

shown to be NB activators and can act in an autocrine
FIG 7. Degradation of IkBa by CD23 cross-linking. Western blots of manner to perpetuate the immunologic reaction.
_Cvtoso“cb | Ptftzgeuisthf;?];?boi?::t :TL‘;G(;)MOI; azi?]“:rcgt:hso Vf/'z) Our results indicate that NiB is the main transcrip-
II;En/']cf;orr].‘(-)lIglc_-')indicates CD23 cross-linking with IgE sensitization fo; tion factor involved in the Slgnal transductlon of
1 hour followed by treatment with GaHIgE for 30 minutes. FceRlIlb. We have analyzed the nuclear translocation of
GaHIgE indicates treatment with GaHIgE for 30 minutes without other transcription factors, such as SP-1, AP-1, and
presensitization with IgE (A, lane 5). TNFa indicates treatment CREB, which potentially could be implicated in the acti-
wc;t’h dT|\|AF-cI>( for 30 minutles (?\, lane g). Rec;mbi”ant IkBa was  yation of genes expressed in AMs during an allergic reac-
added (A, lane 7) as a molecular weight marker. tion. We have not been able to demonstrate activation of
any of the above transcription factors after CD23 cross-
linking under the same conditions that activate K¥--
The importance of NkB activation in the pathogenesis
CD23-initiated signal transduction pathway that leads tcof asthma is supported by recent in vivo studies. Yang et

IkBa phosphorylation and hence MB- activation. al'® have shown an essential role of KB-in the induc-
tion of eosinophilia in allergic airway inflammation in
DISCUSSION mice. In addition, Hart et # demonstrated significant

NF-kB activation in induced sputum and bronchial biop-
Our results suggest a new model in the activation osy specimens of patients with asthma.

monocytes through their CD23 receptor (Fig 11). Mono- Recent reports have shown evidence of surface expres-
cytes from atopic individuals express increased amountsion of the high-affinity receptor for IgE (ERI) on
of CD23 on their surfacéThe CD23 upregulation is human monocytes and other antigen-presenting cells
probably the result of increased production of IL-4 andfrom atopic individual$:® FceRI on monocytes seems to
IL-13 secondary to aj}/T,, imbalance in allergic dis- play a role in antigen presentation, although it might also
ease$. Atopic subjects also have higher levels of circu-be involved in cell activatiofWe were unable to detect
lating IgE than normal control subjects. IgE is not onlyany expression of ERI on U937 cells by FACS and RT-
present in the circulation but also bound to its low-affin-PCR analysis. Human peripheral blood monocytes from
ity receptor CD23. When the individual is exposed to theanonymous donors (unknown atopy history) had mRNA
relevant allergen, it binds to the IgE that is attached to thfor both chains of FaRI but did not express this receptor
CD23 on the surface of monocytes, inducing the crosson the surface. Stimulation of U937 cells with IgE
linking of these receptors. CD23 cross-linking inducesimmune complexes was not associated with phosphory-
TK activity that phosphorylates a cytoplasmic moleculelation of they-chain of FeRI and induced NkB acti-
yet to be identified. This results in phosphorylation of vation that was not inhibited by a blocking antibody to
IkBa in the cytoplasm of monocytes. Phosphorylatedthe a-chain of FeRI. In addition, NFkB activation was
IkBa then dissociates from the p65/p50 KB-complex  consistently stronger in cells that were treated with IL-4,
and is suitable for degradation in the cellular proteosomewhich upregulates CD23 but notdRd. Therefore we
Free NFkB translocates to the nucleus and bir@s  conclude that the effects seen after cellular activation
sequences in the promoter of genes such ag,|INF- with IgE immune complexes are caused by cross-linking
a, and other inflammatory cytokines. Activated mono- of CD23 and not FRI.
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FIG 9. CD23-induced phosphorylation of IkBa is mediated by a TK. A, Western blot analysis of cytosolic pro-
teins from U937 cells immunoblotted with antibodies to IkBa and B-actin is shown. IgE/GaHIgE indicates CD23
cross-linking with IgE sensitization for 1 hour followed by treatment with GaHIgE for 30 minutes (/anes 3 and
4) or 10 minutes (/lanes 7 and 8). GF and HA indicate treatment of the cells with the PKC inhibitor GF 109203X
or the TK inhibitor herbimycin for 1 or 18 hours, respectively, before CD23 cross-linking. DMSO indicates
treatment of the cells with DMSO for 18 hours (lane 5). B, Gel shift assay of nuclear extracts from U937 cells
with a KB probe is shown. IgE/GaHIgE indicates CD23 cross-linking with IgE sensitization for 1 hour followed
by treatment with GaHIgE for 10 minutes (/anes 3 and 4). HA indicates treatment with herbimycin for 18 hours
(lane 4). DMSO indicates treatment of the cells with DMSO for 18 hours (lane 1).

Several NF«B inhibitory proteins have been Recent reports indicate thatBa can also be phospho-
described that keep NEB inactive in the cytoplasit rylated at tyrosine residué314 However, a physiologic
We show here thakBa is the molecule targeted during role for Tyr-phosphorylate&kBa has not been found yet.
the signal transduction of CD23 in monocytes and U937The FeRIlIb molecule does not contain tyrosines in the
cells. Different phosphorylation sites exist kBbi. The intracytoplasmic domain that could be a substrate for
classical sites are serines in the amino terminus of th{TK. Therefore it is likely that binding of the ligand to the
molecule that are phosphorylated by identified kind3es. FceRIIb receptor induces activation of a TK that phos-
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FIG 10. [kBa phosphorylation induced by CD23 cross-linking is not located in tyrosine residues. Western blot
analysis of cytosolic proteins from U937 cells immunoprecipitated with anti-lkBa antibody (/anes 1 to 4) or
U937 whole cell extracts (/anes 5 and 6) is shown. The membrane was blotted with anti-phosphotyrosine (P-
Tyr; lanes 1to 6, upper panels), anti-lkBa (lanes 1 to 4, lower panel) or B-actin (lanes 5 and 6, lower panel)
antibodies. Arrow indicates the position where IkBa should migrate. IgE/GaHIgE indicates CD23 cross-linking
with IgE sensitization for 1 hour followed by treatment with GaHIgE for the indicated time (in minutes). ALLN,
IL-4, and pervanadate treatments were performed as described in the Methods section.

IL-10
TNFu

FIG 11. Diagram of the proposed mechanism of CD23 signal transduction. Ag, Antigen; HA, herbimycin A; P
phosphorylated protein; C, cytoplasm; N, nucleus. The minus symbol denotes inhibitory action.
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phorylates a mediator protein involved in the signal 8.
transduction. We have shown here that this protein is no
IkBa but another as yet unidentified molecule. The TK-
mediated phosphorylation of this unknown target is g
essential for the induction okBa phosphorylation and
subsequent NKB activation.

Our model provides data in U937 cells and peripheral*®

blood monocytes. However, recent reports have showr

the importance of CD23 activation in AMs from asth- 11,

matic individual?

These data provide useful tools for the future develop-12-

ment of drugs that inhibit the CD23-mediated inflamma-
tory response and could be used in the treatment o
patients with asthma and other allergic diseases.
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