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CD23 Antigen Regulation and Signaling in Chronic Lymphocytic Leukemia
S. Foumier, G. Delespesse, M. Rubio, G. Biron, and M. Sarfati
Notre-Dame Hospital, University of Montreal, Montreal, Quebec H2L 4M1, Canada

Abstract

B lymphocytes from patients with chronic lymphocytic leuke-
mia (B-CLLs), strongly express the CD23 antigen, a surface
marker with significant prognostic importance in this disease.
Because we previously reported that IL4 shows a poor capac-
ity for CD23 expression on B-CLLs, we first examined the
possible mechanisms underlying CD23 overexpression on B-
CLLs and found that mitogen-activated CLL T cells release
soluble factors that are capable, in synergy with IL4, of
strongly inducing CD23. Using neutralizing Abs, we noticed
that the T-cell-derived enhancing activity is entirely ascribed
to the combined effects of IFN'y (potent inhibitor of CD23 on
normal B cells), TNFa (which has no effect on normal B cells),
and IL-2 (which has a slight enhancing effect on both CLL and
normal B cells). Furthermore, recombinant IFN'y as well as
IFNa, TNFa, and IL-2 (but not IL-3, IL-5, IL-6, IL-7, and
lymphotoxin) significantly enhance CD23 protein and mRNA
expression on B-CLLs, in the presence or absence of IL4. Inas-
much as optimal CD23expression absolutely requires the com-
bination of IFN'y, IL-2, TNFa (the production of which is in-
creased in CLL disease), and IL4, it was relevant to show that
IL4 mRNAis indeed expressed in fresh T-CLL cells. Wenext
examined the possible role of CD23 in the regulation of B-CLL
proliferation. Signaling through CD23 via ligation of the anti-
gen by F(ab)2 anti-CD23 MAbbut not Fab fragments inhibits
the cytokine-induced B-CLL DNAsynthesis. It is concluded
that the CD23 gene is abnormally regulated in B-CLL disease
and that cross-linking of CD23 molecule delivers a negative
growth signal to the leukemic B cells. (J. Clin. Invest. 1992.
89:1312-1321.) Key words: interferon-a * interferon-y * inter-
leukin 4-CD23 antigen regulation * tumor necrosis factor-a

Introduction

The CD23 antigen, previously identified as the low-affinity re-
ceptor for IgE (FcERII), is a 45-kD glycoprotein mainly ex-
pressed on the surface of IgM-positive and IgD-positive B cells
(1). This molecule may also be found on monocytes, T cells,
platelets, eosinophils, Langerhans cells, and follicular dendritic
cells (2). Membrane-bound CD23 is cleaved into soluble frag-
ments, also known as IgE-binding factors (sCD23/IgE-

Some data in this article were presented to the American Society of
Hematology and have appeared in abstract form (1990. Blood.
76:206a).
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BF),I in that they are still capable of binding to IgE (3). IL-4 is
the strongest inducer of CD23 expression (and sCD23/IgE-BF
release) on most cell types including normal B cells and mono-
cytes (2, 4). CD23 may also be up-regulated by IL-2 on acti-
vated normal B cells as well as on leukemic B lymphocytes
from patients with chronic lymphocytic leukemia (CLL); how-
ever, the effect of IL-2 is much less pronounced than that of
IL-4 (5). Depending upon the cell type on which it is expressed,
CD23maybe up- or down-regulated by IFNy. IFN'y is a potent
inhibitor of CD23 expression on IL-4-stimulated normal B
cells (6), Burkitt's lymphoma cell lines (7), and allergen-stimu-
lated T cells of allergic patients (8). In contrast, IFN'y up-regu-
lates CD23 on Langerhans cells (9), platelets (10), the eosino-
phil EOL3 cell line, and the U937 monocytic cell line (11, 12).
On normal monocytes, IFNy induces the release of sCD23/
IgE-BF, whereas its effect on surface CD23 expression is still a
controversial issue (13-15). Finally, IFNy does not affect the
constitutive CD23 expression on human T lymphocytic leuke-
mia virus 1-transformed or on the majority of EBV-trans-
formed cells (12). In contrast to IFN'y, IFNa inhibits IL-4-in-
duced CD23on normal B cells and on monocytes (13). Finally,
agents such as corticosteroids, lipid mediators, and prostaglan-
din E2 also modulate CD23 expression (16-19).

Several biological activities have been ascribed to CD23
and its soluble fragments including the regulation of normal B
and T cell proliferation (20-22) and the control of human IgE
synthesis (23, 24). More recently, soluble CD23 and IL- 1 were
shown to have a synergistic effect on the maturation of prothy-
mocytes (25), the proliferation of myeloid precursors (26), and
the rescue of germinal center B cells from apoptosis (27).

Wepreviously reported that CLL patients have increased
levels of serum sCD23 (or IgE-BFs) (28) and that fresh, purified
B cells isolated from CLL patients (B-CLLs) express more
CD23 than normal B cells (29). Moreover, we recently showed
that IL-4 has a poor capacity for CD23 induction on B-CLLs,
as opposed to its effect on normal B cells (30). In the present
study, we first analyzed the mechanisms underlying CD23
overexpression on B-CLLs and next examined the influence of
CD23 signaling on the growth of the leukemic B cells.

Methods

Reagents. Human recombinant IL-2 was purchased from Genzyme
Corp. (Boston, MA). Recombinant IFNy and natural human IFNy
were purchased from Alpha-Therapeutic Corp. (Los Angeles, CA) and
Cellular Products (Buffalo, NY), respectively. Humanrecombinant IL-

1. Abbreviations used in this paper: CLL, chronic lymphocytic leuke-
mia; B-CLLs and T-CLLs, purified B or T cells, respectively, isolated
from CLL patients; GM-CSF, granulocyte/macrophage colony-stimu-
lating factor; MFI, mean fluorescence intensity; PCR, polymerase
chain reaction; PDGF, platelet-derived growth factor, sCD23/IgE-BF,
IgE-binding factor or soluble CD23; TGFB2, transforming growth fac-
tor-,B2; TNFa, tumor necrosis factor-a; T-PHA SUP, T cell superna-
tant derived from PHA-stimulated T-CLLs.
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4 was obtained from either Genzyme Corp. or from Dr. H. Hofstetter
(CIBA-Geigy, Basel, Switzerland). IL-7 was obtained from Dr. S. Gillis
(Immunex Corp., Seattle, WA). Recombinant IFNa was obtained
from Schering Corp. (Kenilworth, NJ). Neutralizing anti-IL-4 MAb
was a gift of Dr. C. Heusser (CIBA-Geigy). Transforming growth fac-
tor-,B2 (TGF(32) was a gift of Dr. D. Cox (CIBA-Geigy). IL-la and 0,
IL-3, granulocyte/macrophage colony-stimulating factor (GM-CSF),
CSF, platelet-derived growth factor (PDGF) neutralizing anti-IFN-y,
and anti-IL-2 MAbswere purchased from Genzyme Corp. Neutraliz-
ing anti-tumor necrosis factor-a (TNFa) Ab, recombinant TNFa,
lymphotoxin, and recombinant IL-5 were kindly given by Dr. W. Fiers
(State University, Ghent, Belgium). Phytohemagglutinin (PHA) was
purchased from Wellcome Diagnostics (Beckenham, UK).

Cell preparation and culture conditions. PBMCwere isolated from
peripheral blood of untreated CLL patients by density gradient centrifu-
gation of heparinized blood as previously described (29). B and T cell-
enriched fractions were obtained by rosetting two times with 2-amino-
ethylisothiouronium bromide-sheep red blood cells (SRBC) and
centrifugation on Ficoll-metrizoate. Monocyte depletion was accom-
plished by Sepracell density gradient (Sepratech Corp., Oklahoma City,
OK). For CD23 expression, highly purified B cells, containing no de-
tectable MO2' cells or CD3Y cells, as determined by FACS analysis,
were cultured at 1.5 X 106/ml for 2 d in 48-well tissue plates (Costar,
Cambridge, MA) at 370C in complete HBIOI medium (Hanna Bio-
logics, Berkeley, CA) supplemented with 5%FCS, 2 mMglutamine, 1
mMsodium pyruvate, I0 mMHepes, 100 IU penicillin, and 100I g/mI
streptomycin. For B-CLL proliferation assays, B-CLLs were cultured
for 2-5 d in 96-well round-bottom plates (4 X I05 per well) in HBI01
serum-free medium. Selected cultures were supplemented with TNFa
(25 ng/ml), IFNa (500 U/ml), IL-2 (20 U/ml) in the absence or pres-
ence of F(ab')2 anti-CD23 MAb(clone 135) or its Fab fragments (21).
Cross-linking of CD23 was done by mixing Fab fragments of CD23
MAb(10 gg/ml) with goat anti-mouse IgG (Fab specific) (10 Mg/ml)
(Sigma Chemical Co., St. Louis). Cells were pulsed with 0.5 MCi [3H]-
thymidine (Amersham Corp., Arlington Heights, IL) during the last 16
h of the culture period and [3H]thymidine incorporation was measured
by a standard liquid scintillation counter. Cultures were performed in
quadruplicate and the results are expressed as the mean ± 1 SD.

Preparation of T cell supernatants derived from PHA-stimulated
T-CLLs and fractionation by gelfiltration on HPLC. 2-Amino-ethyli-
sothiouronium bromide rosette-forming cells were treated with a buff-
ered NH4CI solution and washed extensively with Hanks' buffer. The T
CLL cell-enriched (>95% CD3+ cells) fraction (3 x 106 cells/ml) was
stimulated with 0.1% PHAin complete HB101 medium. After 3 d, cells
were harvested and the supernatant, referred to as T-PHA SUP, was
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Figure 1. T-PHA SUP restores CD23 overexpression observed on
fresh B-CLLs. CD23 expression on freshly isolated B-CLLs (- -) and
on B-CLLs cultured for 2 d with IL-4 (10 ng/ml) ( ) or IL-4 plus
T-PHA SUP (10%) (- -). Control MAb is shown as (. .). One rep-
resentative experiment out of six.

collected, dialyzed, and stored in aliquots at -80°C. 25 ,l of concen-
trated T-PHA SUP(15 times) were applied on a Biosil TSK 250 col-
umn (Bio-Rad Laboratories, Richmond, CA) and eluted with a buffer
containing 0.05 MNa2SO4and 0.02 MNaH2PO4, pH 6.8, at a flow rate
of 0.5 ml/min. Each fraction (0.25 ml) was tested at 20% (final concen-
tration) for its ability to alter CD23 expression by IL-4-stimulated B-
CLLs (10 ng/ml). The column was calibrated by using the Bio-Rad gel
filtration standards.

CD23 cell surface expression. 50 Ml of cultured cells (106/ml in
PBS-BSA) were incubated with 50 Ml of biotinylated anti-CD23 MAb
(3 Mg/ml; clone 135) or unrelated biotinylated control MAbof the same
IgG sublcass specificity (anti-LoL p1) together with 50 M1 of normal
human IgG (300 ,g/ml). After 2 h of incubation at 4°C, followed by
three washes with PBS-BSA, the cells were resuspended in 25 Ml of
fluorescein isothiocyanate (FHTC)-conjugated avidin (Becton, Dickin-
son, &Co., Mountain View, CA). Of note, overnight incubation at 4°C
was used to detect CD23 expression on fresh cells. After 30 min of
incubation at 4°C, followed by one wash with PBS-BSA and two
washes with PBS, the cells were resuspended in PBSand analyzed using
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Figure 2. Fractionation by gel filtration of a T-PHA SUP. (a) B-CLLs
were cultured for 2 d with IL-4 (10 ng/ml) and gel filtration fractions
of a T-PHA SUP(20% final concentration). B-CLLs were assayed for
CD23 expression and IgE-BF/sCD23 production as described in
Methods. The major peak of elution of native human IFN'y and M,
markers (in kilodaltons) are indicated by arrows. (b) B-CLLs were
cultured in medium, IL-4 (10 ng/ml) or IL-4 and the pool of fractions
(fr.) 34-37 (20%) of the gel filtration shown above. Anti-IFNy (200
U/ml) or an unrelated MAb(anti-LoL p1) were added in selected
cultures. After 2 d, cells were stained for CD23 expression.
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a FACSCANflow cytometer (Becton Dickinson & Co.). Data were
acquired in list mode by gating on the lymphocyte population. Final
histogram analysis was performed using the CONSORT30 software pro-
gram (Becton, Dickinson & Co.).

RIAs. sCD23/IgE-BF were measured by solid-phase RIA exactly as
previously described (31). IFNy and TNFa were detected by a com-
mercially available solid-phase RIA kit (Centocor Co., Malvern, PA),
IL-2 was measured by an IL-2 RIA kit (AMI Research Products, Cam-
bridge, MA) and IL-4 by an IL-4-ELISA kit (Genzyme Corp.).

PCRtechnique. Total RNAwas isolated from normal T cells, T-
CLLs, or B-CLLs using the guanidium thiocyanate/cesium chloride
method (32). 1 ,ug of total RNAwas reverse transcribed into cDNA
using oligo-dT primer as described in the RNApolymerase chain reac-
tion (PCR) kit from Perkin Elmer (Cetus Corp., Emeryville, CA). One
half of the reverse-transcribed RNAmix was amplified with the 5' and
3' IL-4 primers which flanked 462 bases of the mature IL-4 message
(33). The other half was amplified with the 5' and 3' #l-actin primers
(33). The amplification procedure involved denaturation at 94°C for 1
min, annealing at 55°C for 2 min, and extension at 72°C for 3 min
during 35 PCRcycles. 10 ,l of the 100 Ml of PCRmix was separated on
an 1.5% agarose gel and stained with ethidium bromide.

Northern blot analysis. Selected B-CLLs clones were incubated with
IL-4 (10 ng/ml) or either IFNy (500 U/ml), IFNa (500 U/ml), or TNFa
(25 ng/ml) in the presence or the absence of IL4. Whenused, actino-
mycin Dwas added at 10 Mg/ml. Total RNAwas isolated by the guani-
dium thyocyanate/cesium chloride procedure (32) and quantitated by
absorbance at 260 nm. A total of 10 Mg RNAwas electrophoresed on
1% agarose gels containing formaldehyde and 1 X 24N-morpholino)
propane sulfonic acid. Gels were blotted onto a nylon membrane (ICN,
Irvine, CA) and blots were hybridized overnight with a 1.25-kb a- 32P_
labeled nick-translated CD23-cDNA probe (PcL2 probe). Membranes
were then washed for two 15-min periods at 25°C in 0.1% SDS/2
X SSC and for two 30-min periods at 65°C in 0.1% SDS/0.2 X SSC.
Membranes were exposed to Kodak XARfilm (Eastman Kodak Co.,
Rochester, NY) at -70°C with enhancer screens. Equal loading of gels
was assessed by methylene blue staining of the 28S and 18S RNAs(34).

Results

IFNy strongly increases the expression of CD23byIL-4-stimu-
lated B-CLLs. Wepreviously reported that the overexpression
of CD23 on fresh B-CLLs is associated with a poor capacity of
IL-4 to up-regulate CD23 (29). Because we observed that co-

stimulation of CLL PBMCwith IL-4 and PHAleads to strong
CD23 expression (30), we examined whether PHA-activated T
cells may be replaced by their culture supernatants. As illus-
trated in Fig. 1, co-stimulation with T-PHA SUPand optimal
concentration of IL-4 restores CD23 expression to the same

level as on freshly isolated B-CLL cells. T-PHA SUPmarkedly
enhances in a dose-dependent manner the IL-4-induced ex-

pression of CD23 and release of sCD23/IgE-BF (ranging from
50 to 1 5 U/ml), indicating that the accumulation of cell sur-

face CD23 is not due to inhibition of its cleavage. Five such
T-PHA SUPs were tested on B-CLLs from five different pa-

tients with very consistent results (data not detailed). These
data strongly suggested that molecules other than IL-4 are capa-

ble of up-regulating CD23 on B-CLLs.
Fractionation of T-PHA SUPon a Biosil TSK250 gel filtra-

tion column reveals a peak of activity located exactly at the
same position as native IFNy (nIFNy) (Fig. 2 a). This
prompted us to examine the effect of neutralizing MAb to
IFNy on the activity of this peak. As seen in Fig. 2 b, the
activity is mediated by IFNy in that the neutralizing antibody
completely blocks the CD23-inducing activity of this fraction.
This unexpected observation was next confirmed by showing
that, in five out of five CLL patients, recombinant IFNy signifi-
cantly increases the expression of CD23 by IL-4-stimulated
B-CLLs (Student's t test [n = 1 1] P < 0.001) (Table I). More-
over, in two patients, IFNy alone is capable of slightly up-regu-

lating CD23. The potentiating activity of IFNy on IL-4-in-

Table I. Recombinant IFNy Enhances IL-4-induced CD23 expression on B-CLLs

Added to cultures Medium IFNy IL-4 ILA + IFNy

CLL patient

1 (n = 4)*
%CD23 16.7±4.7* 23.5±2.8 32.2±3.9 74.3±2.5
MFI 3.5±0.4 3.5±0.6 4.7±0.6 12.3±2.1

2 (n = 3)
%CD23 35.3±13.6 50.5±14.4 63.1±3.8 86.2±6.1
MFI 5.3±1.0 6.5±0.2 11.6±1.2 32.1±10.0

3 (n = 2)
%CD23 4.8±2.5 3.0±0 55.2±14.0 68.6±15.8
MFI 4.2±1.6 4.0±1.7 8.6±1.1 12.0±0.8

4(n= 1)
%CD23 19.7 40.8 45.0 70.7
MFI 3.6 4.8 10.1 13.4

5(n= 1)
%CD23 0 0 22.5 54.4
MFI 4.2 5.9

P<0.001,

* n represents the number of experiments performed on each patient. * Mean± 1 SDof n experiments performed on the same patient. § IFNY
(500 U/ml) significantly enhanced CD23 expression induced by IL-4 (10 ng/ml) (% CD23 [n = 11]: P < 0.001, paired Student's t test).
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Figure 3. Effect of anti-IFNy MAbon the up-regulation of the IL-4-
mediated CD23 expression by unfractionated T-PHA SUPs. B-CLLs
from one CLL patient were cultured with IL-4 (10 ng/ml) and three
different T-PHA SUPs in the presence or absence of anti-IFN'y MAb
(200 U/ml). After 2 d, cells were stained for CD23 surface expression
as described in Methods (A, percentage of CD23+ cells; B, mean flu-
orescence intensity [MFI]).

duced CD23 expression is dose dependent (effective at 10 U/
ml) and can be neutralized by anti-IFNy MAb(not shown).

IFN~y does not account for the whole enhancing activity of
T-PHA SUP. Wenext showed that the neutralization of IFNy
by large excess of anti-IFNy MAb(as evidenced by the mea-
surement of IFNy in each supernatant by means of RIA) does
not completely abolish the enhancing activity of unfraction-
ated T-PHA-SUPs (30-40% suppression), suggesting that other
soluble factors are involved (Fig. 3). This was explored by exam-
ining a large panel of recombinant cytokines for their effect on
CD23 expression and on the release of sCD23/IgE-BF by
highly purified B-CLLs. As shown in Fig. 4, IFNy, TNFa,
IFNa, and IL-2 enhance IL-4-induced CD23. The following
cytokines have no activity: IL-l, IL-3, IL-5, IL-6, IL-7, GM-

CSF, CSF, TGF#, PDGF, and lymphotoxin. The cytokine-en-
hancing effect is dose dependent and already significant at 5
U/ml of IFNa and 1 ng/ml of TNFa (not shown). Of interest,
all four cytokines upregulated IL-4-induced CD23 simulta-
neously in three out of five CLL patients, whereas the two other
patients responded to IFNy and either IL-2 or TNFa. The
combination of IL-4 plus IFNy (not IFNa), IL-2, and TNFa is
required for optimal CD23 expression by B-CLLs. These ex-
periments also indicated that IFNs and TNFa may induce
CD23 expression in the absence of IL-4 on selected B-CLL
clones (three of five patients). Finally, the CD23 up-regulation
by IFNs and TNFa is always accompanied by an increase in
CD23 mRNA(Fig. 5), that can be blocked by actimonycin D
treatment.

The superinducing activity of T-PHA SUPis accountedfor
by the combined effects of IL-2, IFNy, and TNFa. Two ap-
proaches were used to determine whether the enhancing activ-
ity of T-PHA SUPmaybe ascribed to its content in IFNy, IL-2,
and TNFa. Wefirst observed that a cocktail of neutralizing
MAbs directed against these lymphokines completely inhibits
the CD23 superinducing activity of three T-PHA SUPs (Fig. 6
B). Having measured the concentration of IFN~y, TNFa, and
IL-2 in supernatants by RIA, we next prepared cocktails made
of recombinant lymphokines at the same concentrations as in
the T-PHA SUP. The data in Fig. 6 C, clearly show that two
superimposed CD23 histograms are obtained using either T-
PHASUP or the matched mixture of recombinant lympho-
kines.

T CLL express IL-4 mRNA. Published reports indicated
that selected B-CLL clones express TNFa mRNA(35) and are
surrounded by a large number of activated CD8+ cells, known
to be IFNy producers (36, 37). Because the in vitro reconstitu-
tion of CD23 overexpression on B-CLLs requires exposure to
IFNy, TNFa, IL-2 plus IL-4, we examined whether IL-4
mRNAcould be detected in T CLL cells, which are composed
of a very low number of CD4+cells (ratio CD4+/CD8+ T-CLLs
is 0.46±0.22). As shown by PCRanalysis (Fig. 7), all fresh
T-CLLs samples tested (eight of eight) express IL-4 mRNA,
suggesting that IL-4 can be produced in vivo in this disease.
The gene is silent in B-CLLs (not shown) ruling out an auto-
crine expression of IL-4. Of note, fresh normal T cells (three
out of four) also express IL-4 mRNA, as detected by PCR,
whereas the IL-4 message cannot be visualized by Northern
blot analysis in T cells from either normal or leukemic donors
(not shown).

Cross-linking of CD23 inhibits B-CLL DNA synthesis.
Since it has been reported by several authors that CD23 is in-
volved in the regulation of B or T cell proliferation, we tested
whether signaling through CD23 could influence the growth of
the B-CLL cells. Wefound that one anti-CD23 MAb(clone
135) strongly suppresses the cytokine-induced B-CLL DNA
synthesis (Table II). The effect is dose dependent and not in-
fluenced by the presence of FCS in the medium (not shown).
Importantly, anti-CD23 MAb inhibits rather than shifts the
peak of cytokine-induced DNAsynthesis. When used alone,
the same MAb has no stimulatory effect or even suppresses
spontaneous [3H]thymidine incorporation occurring at day 4
(Table II). Finally, Fig. 8 shows that cross-linking of CD23 by
F(ab')2 anti-CD23 or by monovalent Fab used in combination
with goat anti-mouse Fab is required to inhibit B-CLLs
growth. Hence, monovalent Fab fragments alone have no ef-
fect, strongly suggesting that membrane-bound CD23 rather

Function and Regulation of CD23Antigen in Leukemia 1315
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Figure 5. IFNs and TNFa up-regulate steady-state CD23 mRNA.(A) Northern blots of total cellular RNAwere hybridized with [132P]PcL2 cDNA.
(B) Methylene blue staining of the 28S and 18S RNAs.

than sCD23 regulates B-CLL proliferation. This view is sup-
ported by the lack of BCGFactivity of recombinant soluble
CD23 of various sizes (data not shown).

Discussion
It is well established that virtually all freshly isolated sIgM/
sIgD-bearing B lymphocytes express CD23 (1). Two isoforms
of CD23mRNA(type Aand B) have been reported differing by
alternate splicing of the same CD23gene (4). After 24-48 hr of
incubation at 37°C in the absence of stimulant, normal B cells
lose both CD23 mRNAand CD23 antigen whereas sCD23/
IgE-BF accumulates in the culture supernatant (38, 39). IL-4
strongly induces the expression of surface CD23 (predomi-
nantly type B) on normal B cells and this is accompanied by an

augmentation of the release of sCD23/IgE-BF (4, 38, 39).
These effects of IL-4 on B cells are inhibited by IFNy and IFNa
that were shown to act both at the protein and mRNAlevels
(13, 14, 40). Typically, in chronic lymphocytic leukemia, the
malignant B cells coexpress sIgM, sIgD, CD5, and CD23 (30,
41). The present study indicates that the regulation of CD23
expression on B-CLLs is profoundly abnormal inasmuch as it
is significantly increased by IFNy and IFNa as well as by
TNFa in the presence or absence of IL-4. The up-regulation of
membrane CD23 expression mainly reflects a transcriptional
event as the CD23 mRNAincrease is blocked by exposure to
actinomycin D. Because the density of CD23on the cell surface
depends upon the rate of its cleavage into soluble fragments
(sCD23/IgE-BF), it was interesting to show that IFNy, IFNa,
and TNFa increase both the expression of surface CD23 and
the release of sCD23/IgE-BF. Indeed, agents capable of interfer-
ing with the cleavage rate of CD23may induce an apparent up-
or down-regulation of the surface molecule without affecting
its synthesis. For example, this mechanism was shown to ac-
count for the increased expression of CD23 on B cells incu-
bated in the presence of IgE or of some anti-CD23 MAb(42,
43). Although the data are not shown, it is important to note

that we failed to detect any effect of TNFaon CD23expression
by normal B cells tested under various experimental condi-
tions. The CD23-enhancing activity of IL-2 is in keeping with a
recent study (5), its effect is highly variable from one B-CLL
clone to the other and can be observed at the mRNAlevel (not
shown). Of note, IL-5 was reported to up-regulate CD23 on
normal B cells stimulated by suboptimal concentrations of IL-
4 (44), whereas in the present report it has no effect when used
together with optimal IL-4 concentration.

The present study also indicates that the overexpression of
CD23 observed on fresh B-CLLs may be reconstituted in vitro
after incubation with IL-4 and the cell-free supernatant of
PHA-activated T CLLs (T-PHA SUP). Moreover, the enhanc-
ing activity of several such supernatants may be accounted for
by their content in IFNy, TNFa, and IL-2. Indeed, the activity
was completely suppressed by a cocktail of neutralizing MAbs
to the three lymphokines, and conversely it was perfectly mim-
icked by a mixture of these recombinant lymphokines used
exactly at the same concentration as in each T cell supernatant.
It is of note that in the murine system, the culture supernatants
of both TH1 and TH2 T cell clones were shown to superinduce
CD23expression by IL-4-stimulated normal B cells (45). How-
ever, in this case, the superinducing activity could not be re-
lated to any known cytokine.

The ability to reconstitute in vitro the high level of CD23
observed on fresh B-CLLs by a combination of IL-2, IL-4,
IFN'y, and TNFa does not prove that this mechanism is in-
volved in vivo. However, this possibility is supported by three
series of observations. First, TNFa mRNAis constitutively ex-
pressed in B-CLLs and the patients display increased serum

levels of TNFa (35, 46). Second, CLL patients have an en-

larged pool of activated CD8+ T cells and natural killer cells,
known to be IFNy producers (36, 37). Third, our present data
show that IL-4 mRNAcan be detected by the qualitative PCR
technique in fresh T cells from either normal or leukemic do-
nors; the latter are in turn composed of a very low ratio of
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Figure 6. The CD23-superinducing activity of T-PHA SUPs is ac-
counted for by their content in IL-2, IFNy, and TNFa. CD23 ex-
pression on B-CLLs cultured for 2 d with IL-4 (10 ng/ml) ( );
control MAb is shown as (. . .). (A) B-CLLs cultured with IL-4 and
a mixture of IL-2 (2 U/ml), TNFa (5 ng/ml), and IFNy (1 50 U/ml)
in the presence (- -) or the absence (----) of a cocktail of neutraliz-
ing Abs against IL-2 (10 ,g/ml), TNFa (10 ug/ml), and IFNy (200 U/
ml). (B) B-CLLs cultured with IL-4 and T-PHA SUPin the presence
(- -) or the absence (----) of the same concentrations of the above
cocktail of Abs. (C) B-CLLs cultured with IL-4 and T-PHA SUP
--- -) or IL-4 and a cocktail of recombinant IL-2, TNFa, and IFNy
() used at the exactly same concentrations as in the T-PHA SUP.
(B and C) One representative experiment out of three.

CD4+/CD8+ cells. The IL-4 gene is silent in B-CLL cells ex-
cluding an autocrine production of IL-4 in this disease. The
failure to detect IL-4 mRNAin fresh T cells using a quantita-

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Figure 7. PCRanalysis of IL4 mRNAin fresh T cells. Lane 1, Chinese
hamster ovary cells transfected with IL-4 cDNA; lane 2, freshly iso-
lated highly purified tonsillar B lymphocytes; lanes 3-6, fresh T cells
from four normal donors; lanes 7-14, fresh T cells from eight CLL
patients. #l-Actin mRNAwas detectable in each sample (not shown).

tive method (Northern blot) prohibits a comparison between
the amount of IL-4 produced by normal and CLL T cells. How-
ever, it indicates that the level of IL-4 message is exceedingly
low in fresh T-CLLs, and that this should not be taken as evi-
dence to exclude a role for IL-4 in the CD23 overexpression.
Similarly, low amounts of IL-6 message, exclusively detected
by PCRtechnique followed by Southern hybridization, are suf-
ficient for allowing autocrine growth of U266 myeloma cell
line (47). The notion that IL-4 production in vivo may contrib-
ute to the enhanced CD23 expression is further supported by
the observations that IL-4 induces expression of CD8on CD4+
T cells (48) and that CLL PBMCcontain an increased number
of CD4+CD8+ double-positive T cells (49). Wetherefore sug-
gest that the overexpression of CD23 on B-CLLs results from
an in vivo production of IL-4 combined with an abnormal
regulation of the CD23 gene by IFNs and TNFa.

The significance of CD23 overexpression and the precise
function of CD23 or of its soluble fragments (sCD23) in CLL
disease remain to be elucidated. Nevertheless, our present data
clearly indicate that signaling through CD23 molecule on the
surface of B-CLLs negatively influence the growth of the leuke-
mic B cells. Divalent (Fab)2 anti-CD23 MAb, but not their
Fab fragments strongly suppress the cytokine-induced B-CLL
DNAsynthesis indicating that cross-linking of CD23 is re-
quired to deliver a negative growth signal. This view is further
supported by the ability of Fab fragments to suppress B-CLL
proliferation when used in tandem with goat anti-mouse Fab.
Soluble CD23, purified from supernatants of EBV-trans-
formed B cell lines (20) as well as the intact 45-kD (membrane)
form of CD23 were reported to be mitogenic for normal and
transformed B lymphoblasts (50). However, various forms of
recombinant soluble CD23 completely lack BCGFactivity on
B-CLLs in the presence or absence of IL-1 (M. Sarfati, personal
observations). In addition, the lack of suppressive activity of
anti-CD23 Fab fragments on B-CLL DNAsynthesis argues
against a potential proliferative effect of endogenously pro-
duced soluble CD23. It also suggests that ligation of CD23does
not prevent the binding to B-CLLs of a B-cell-derived growth
factor. The present findings corroborate with our recent studies
showing that cross-linking of CD23 by anti-CD23 MAbor by
its natural ligand (IgE) inhibits normal B cell proliferation in
response to IL-4 and that rsCD23 has no BCGFactivity (21).
Similarly, cross-linking of CD23 suppresses IgE synthesis by
U266 myeloma cell line (51). Although the mechanisms under-
lying the anti-CD23 MAb-induced suppression on B-CLL pro-
liferation is not understood, two possibilities may be consid-
ered. First, signaling through different epitopes of the same
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Table HI. Inhibiting Effect of Anti-CD23 MAbon B-CLL Cell Proliferation

[3H]Thymidine incorporation

Added to cultures Day 2 Day 3 Day 4 Day 5

Xcpm

Medium 197±37 820± 179 9,039+ 1,196 12,793± 1,748
Cont MAb 324±26 326±179 10,352±1,050 11,807±861
Anti-CD23 MAb 155±10 559±140 1,458±85 3,558±132
TNFa (25 ng/ml) 273±78 (1.4) 1,847+414 (2.2) 25,158±2,365 (2.7) 49,888±3,355 (3.8)
IL-2 (20 U/ml) 423±93 (2.1) 3,650±315 (4.4) 30,547+2,211 (3.3) 42,632±5,780 (3.3)
IFNa (500 U/ml) 400±145 (2.0) 4,465+87 (5.4) 35,927±3,155 (3.9) 47,204±834 (3.6)
TNFa + cont MAb 235±48 1,747+285 22,755+2,299 46,716±6,108
TNFa + anti-CD23 MAb 159±5 544±143 3,123±118 13,335±1,102
IL-2 + cont MAb 333±0 4,200+548 25,354±1,654 33,651+2,001
IL-2 + anti-CD23 MAb 253±8 1,470±108 7,026±233 15,063±686
IFNa + cont MAb 310±26 4,267±345 31,181+395 33,055±3,307
IFNa + anti-CD23 MAb 224±35 1,206±105 5,373±635 9,965±1,041

Highly purified B-CLL cells were cultured in HB101 serum-free medium at 2 x 106/ml for 2, 3, 4, or 5 d. Cells were pulsed with 0.5 ACi
[3H]thymidine for the last 16 h of the culture period. Anti-CD23 and isotype-matched control MAbs (anti-LoL pl) were used at 10 ,g/ml.
Numbers in parentheses represent stimulation index. One representative experiment out of two.

molecule (i.e., CD20 Ag) may lead to opposite effects on nor-
mal B cell proliferation (52). Hence, one particular anti-CD23
MAb (MHM6) was shown to enhance proliferation in acti-
vated B cells (53). Further studies confirmed an epitope-specifi-
city for stimulation through CD23with the majority of antibod-
ies being nonstimulatory (54). Second, cross-linking of CD23
on SAC-activated and IL-4-supported B cell blasts, induces
phosphatidylinositol turnover and Ca" increase (55). These
early activation events precede and have been related, in other
systems involving B cells, to programmed cell death (56). This
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hypothesis is currently being analyzed. Of note, soluble CD23
and IL- 1 may rescue centrocytes in germinal center from death
by apoptosis (27). A similar function of endogenously pro-
duced soluble CD23 on B-CLLs cannot be ruled out as the
malignant B cells can produce IL- 1 (57).

Finally, given that fresh B-CLLs, as opposed to normal B
cells, express the two CD23 isoforms (type A and B) (30), we
postulate that these two CD23 species might have different
functions and/or transduce opposite signals to the B-CLL cells.
Kikutani and Kishimoto (58), have shown by transfection ex-
periments that only CD23 type B transformed macrophages
were capable of IgE-mediated phagocytosis. For B cells, the
respective function of the two CD23 subtypes remains to be
elucidated. The differential regulation of CD23 A and B on
B-CLLs by various cytokines is currently being evaluated. De-
spite the requirement for gene knockout studies to help for-
mally establish the contribution of CD23 in B CLL prolifera-
tion, this notion is now reinforced by the recent demonstration
that the level of CD23 expression in CLL disease has a sig-
nificant prognostic importance independent of the clinical
stage (59).
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Figure 8. F(ab32 but not Fab anti-CD23 blocks cytokine-induced
DNAsynthesis by B-CLLs. B-CLLs (4 X I05 per well) were stimulated
for S d with TNFa (25 ng/ml). Added to cultures: medium, F(ab')2
anti-CD23 (10 ,g/ml), Fab fragment (10 ,ug/ml), Fab fragment plus
goat anti-mouse IgG (Fab specific) (10 g/ml). [3H]Thymidine was
added for the last 16 h of the culture period. One representative ex-
periment out of three.
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