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The B-cell antigen CD40 transduces signals, which vnergize with interleukin (IL)-4 to induce 
ZgE synthesis in human B cells. IL-4 induces l germline transcription but not mature E 
transcripts or ZgE protein synthesis in B cells. Addition of anti-CD40 monoclonal antibody to 
IL-l-treated B cells results in deletional S/*;- >Se switch recombination, eqrression of mature e 
transcripts, and IgE synthesis and secretion. Because both IL-4 and anti-CD40 induce protein 
tyrosine phosphotylation in B cells, we investigated the role of protein tyrosine kinase in 
IL-4lCD40mediated ZgE synthesis. The protein tyrosine kinase inhibitors genistein and 
herbimycin A, but not the protein kinase C inhibitor 
I-(5-isoquinolinesulfonyl)-2-methylpiperazine (H7) or the protein kinase A inhibitor 
N-2-guanidinoethyl-5-isoquinolinesulfonamide, inhibited ZgE synthesis in B cells stimulated with 
IL-4 and CD40. Genestein and herbimycin, but not H7, inhibited IL-l-driven E germline 
transcrtption in B cells. Both genestein and herbimycin, but not H7, inhibited CDIO-mediated 
ZgE synthesis in B cells pretreated for 4 days with IL-4 to allow optimal expression of E 
germline transcripts. Inhibition of ZgE synthesis in these cultures was accompanied by inhibition 
of Su-- > Se deletional switch recombination as assayed b>; nested polymerase chain reactions. 
These results suggest that activation of protein tyrosine kinase plays an important role in both 
the IL-4 and the CD40 signallingpathways that lead to ZgE isotype switching in B cells. 
(JALLERGYCLIN ZMMUNOL 1994;94:784-92.) 
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We have previously demonstrated that the B- 
cell antigen CD40 transduces signals, which syn- 
ergize with interleukin (IL)-4 to induce IgE syn- 
thesis in highly purified resting human B cells.’ 
IL-4 induces E germline transcription but not 
mature E transcripts or IgE protein synthesis in B 
cells.2, 3 Addition of anti-CD40 monoclonal anti- 
body (mAb) to IL-4-treated B cells results in 
deletional !+.L-- > SE switch recombination, expres- 
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sion of mature E transcripts, and IgE synthesis and 
secretion.+ ’ A ligand for CD40 is expressed on T 
cells on activation.‘j Interaction between CD40 
and its ligand appears to play an important role in 
T-cell-dependent isotype switching to IgE be- 
cause a soluble form of the CD40 ligand inhibits 
T-cell-driven isotype switching to IgE in IL-4- 
treated B cells.’ Furthermore, Epstein-Barr virus- 
transformed B cells transfected with the CD40 
ligand replace T cells in synergizing with IL-4 to 
induce IgE synthesis in B cells.8 
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FIG. 1. Effect of protein kinase inhibitors on IgE production by B cells in the presence of IL-4 (50 
IU/ml) and CD40 mAb (5 Kg/ml). B cells at a concentration of 1.0 x IO’ cells/ml were cultured for 
10 days with various inhibitors-genistein (5 pg/ml), herbimycin (1 pmol/L), H7 (100 kmol/L), 
ceramide (2.5 kmol/L), sphingosine (2.5 pmol/L), and HA1004 (5 pmol/L). Cells were preincubated 
at 37” C for 1 hour with the indicated concentrations of inhibitors or an equivalent concentration 
of diluent. For herbimycin A, the preincubation time was 16 hours. Supernatants were harvested 
after 10 days, and IgE levels were measured by radioimmunoassay. Values represent 
mean -c SEM net synthesis IgE (picograms per milliliter) of three or more experiments. 

The mechanisms by which IL-4 induces E germ- 
line transcription and engagement of CD40 leads 
to switch recombination are not understood. It 
has been reported that IL-4 results in the acti- 
vation of tyrosine kinases.g3 lo Monoclonal anti- 
body to CD40 induces the phosphorylation of 
proteins on tyrosine, as well as on serine and 
threonine residues in B cells.” In this report we 
show that activation of protein tyrosine kinases 
(PTKs) plays an important role in IL-4-mediated 
induction of E germline transcripts, as well as in 
CD40-mediated deletional switch recombination 
in B cells treated with IL-4. 

METHODS 
Cell preparation 

Highly purified B cells were prepared as previously 
described.“. ” In summary, peripheral blood mono- 
nuclear cells from healthy subjects were isolated by 
Ficoll (Pharmacia, Uppsala, Sweden) density gradient 
centrifugation, rosetted twice with 2-aminoethyliso- 
thiouronium bromide-treated sheep red blood cells, 
and treated twice with anti-CD3 mAb (OKT3; Ortho 
Diagnostics, Raritan, N.J.) plus rabbit complement 
(Pel-Freeze Biologicals, Inc., Rogers, Ark.). Monocytes 
were depleted by adherence to plastic Petri dishes. The 
B-cell populations thus obtained contained less than 
1% CD3 + cells and did not proliferate in response to 
phytohemagglutinin (10 &ml) but strongly prolifer- 
ated in response to phorbol myristyl acetate (PMA) (25 

@ml) + ionomycin (0.5 umol/L). B cells were sus- 
pended in RPM1 1640 (Gibco, Grand Island, N.Y.) 
supplemented with 10% fetal calf serum (Hyclone Ster- 
ile Systems, Inc., Logan, Utah), 2 kmol/L L-glutamine, 
100 U/ml penicillin, and 50 kg/ml streptomycin (com- 
plete medium) in the presence or absence of IL-4 (50 
IV/ml) and anti-CD40 mAb (5 &ml). Control cultures 
for the evaluation of preformed immunoglobulin were 
set up in the presence of cycloheximide (100 &ml; 
Sigma Chemical Co., St. Louis, MO.). On day 10 of 
culture, supernatants were assessed for their IgE level 
by a radioimmunoassay with a sensitivity limit of 150 
pg/ml.14 Net IgE synthesis was calculated by subtracting 
the values of preformed IgE. For inhibition experi- 
ments, cells were preincubated at 37” C for 1 hour with 
the indicated concentrations of inhibitor or an equiva- 
lent concentration of diluent. For experiments involving 
herbimycin A, the preincubation time was 16 hours. For 
all the inhibitors, there was no difference between the 
viability of treated and untreated cells. 

Reagents and antibodies 

The anti-CD40 mAb 626.1 has previously been 
described.15 Sphingosine and PMA were purchased 
from Sigma Chemical Co.; herbimycin A and genistein 
were from Gibco BRL, Gaithesburg, Md.; and N-2- 
guanidinoethyl-5-isoquinolinesulfonamide (HA-1004) 
and l-(5-isoquinolinesulfonyl)-2-methylpiperazine (H-7) 
were from Seikagaku America, Inc., Rockville, Md. 
Ceramide was a kind gift of Dr. Y. Hannun (Duke 
University, Durham, N.C.). 
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FIG. 2. A, Effect of increasing concentrations of genistein on B-cell viability in the presence of 
IL-4 and CD40 mAb. B cells at a concentration of 1.0 x 10’ cells/ml were cultured for 10 days with 
IL-4 (50 IU/ml) and genistein (5 kg/ml and 12.5 kg/ml). Every 48 hours a sample was taken, and 
cell viability was assessed by staining with trypan blue. B, 6 cells were induced to proliferate by 
PMA (20 rig/ml) and ionomycin (0.5 kmol/L). The B cells were cultured for 72 hours at 1 x lo6 
cells/ml in the presence and absence of genistein. During the last 16 hours of culture, tritiated 
thymidine was added to the culture. Results are mean counts per minute of three 
experiments + SEM. C, B cells were induced to proliferate by IL-4 (50 IU/ml) and anti-CD40 
(5 kg/ml). The B cells were cultured for 72 hours at 1 x lo6 cells/ml in the presence and absence 
of genistein. During the last 16 hours of culture tritiated thymidine was added to the culture. 

Cell sorting 

Purified B cells were labeled with fluorescein isothio- 
cyanate-conjugated anti-CD19 mAb and sorted on a 
FACStar Plus flow cytometer (Becton Dickinson, 
Mountain View, Calif.). Setting of the markers and 
analysis of the sorted cells were performed as previ- 
ously described.3 

Northern blot analysis 

Total cellular RNA was prepared by cell lysis with 
guanidium isothiocyanate followed by centrifugation of 
the lysate through a cesium chloride step gradient. 
Northern blot analysis was carried out with 10 Kg of 
total cellular RNA by using phosphorus 32-labeled 
gel-purified DNA probes. A 0.88 kb Hinf I fragment, 
which spans the first 2 exons of CE, detects both 
germline and mature Cc transcripts. The human cDNA 
p-actin probe was kindly provided by Dr. C. Terhorst 
(Beth Israel Hospital, Boston, Mass.). Prehybridization, 
hybridization, washing, and autoradiography conditions 
were as previously described.’ Densitometric analysis 
was performed with an LKB Ultrascan XL densitome- 
ter (LKB, Bromma, Sweden). 

PCR primers/amplification, cloning, and 
sequencing of Sp/Sr “switch fragments” 

High molecular weight DNA was prepared from 5 to 
10 x lo6 cultured B cells with the A.S.A.P. Genomic 
DNA Isolation kit (Boehringer Mannheim Biologicals, 
Indianapolis, Ind.). Nested primer PCR analysis for 
$,/SE “switch fragments” was performed on high mo- 

lecular weight DNA isolated from cultured B cells with 
the use of the following four primers as previously 
described? 

1. S6:5’-CTGCAGACTCAGAAGGGAGGGGAT- 
GCTCCG-3’ 

2. S4:3’-ACTGATCCAAGACAGGAGTGTG- 
GCGGATGT-5’ 

3. S7:5’-GAGGGTGGTAATGATI’GGTAAT- 
GCJl-l-I’GGA-3’ 

4. S9:3’-GAACCCTGAGGTCCGFTCCCCGCT- 
TCCCGGB’ 

The first round of PCR was performed with primers 
S6/S4. The second round of PCR was performed on a 
5 ml aliquot of the first round PCR mixture with 
primers S7/S9. PCR amplification and purification of 
the amplified fragments were carried out as previously 
described. 

RESULTS 
IL-4/CD40-induced IgE synthesis is inhibited 
by PTK inhibitors 

We measured IgE synthesis by highly pure 
human peripheral blood B cells stimulated with 
human IL-4 and anti-CD40 mAb 626.1 in the 
presence or absence of various protein kinase 
inhibitors. Fig. 1 shows that anti-CD40 mAb plus 
IL-4 induced vigorous IgE synthesis in B cells. IgE 
synthesis was strongly inhibited by both PTK 
inhibitors genistein (5 &ml) and herbimycin A 
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FIG. 3. Effect of genistein on the induction of germline CE 
transcripts in B cells stimulated with IL-4. Total RNA (10 
pg) was prepared From normal peripheral blood B cells 
incubated with medium or IL-4 (50 IU/ml) or IL-4 (50 IU/ml) 
and various inhibitors for 5 days, then electrophoresed on 
a 1% formaldehyde-agarose gel, transferred to a nitrocel- 
lulose membrane, and hybridized to a ‘*P-labeled 0.88 kb 
Hinf I fragment. The autoradiograph was exposed for 6 
days. Concentrations of inhibitors used were genistein 
(5 kg/ml), sphingosine (2.5 pmol/L), and H7 (100 pmol/L). 

(1 umol/L). In contrast, the protein kinase C 
(PKC) inhibitors sphingosine and H7 and the 
protein kinase A inhibitor HA1004 failed to in- 
hibit IgE synthesis. 

The inhibition of IL-4/CD40-triggered IgE syn- 
thesis by PTK inhibitors was not due to a toxic 
effect of these compounds on B cells. Fig. 2, A 
shows that addition of genistein for 10 days in 
concentrations of up to 12.5 t&ml did not affect 
the viability of the B cells stimulated with anti- 
CD40 and IL-4 as determined by staining with 
trypan blue. Furthermore, genistein (up to 12.5 
u&ml) did not inhibit the capacity of the B cells 
to proliferate in response to PMA and ionomycin 
(Fig. 2, B) or to anti-CD40 + IL-4 (Fig. 2, C). 
Similar results were obtained with herbimycin A 
used in concentrations of up to 2 t.r,mol/L (data 
not shown). 

Inhibition of PTK inhibits IL-4 induction of E 
germline transcription 

The effect of PTK inhibitors on IgE synthesis 
could be exerted at the level of induction of l 

germline transcription by IL-4 or at the level of 
CD40-mediated switch recombination or at both 

IL-4 + + + 

anti-CD40 - + + 

Geni~tein - - + 

185 r-i? 

FIG. 4. Effect of genistein on induction of germline Cr 
transcripts in B cells stimulated with IL-4 and antiCD40. 
Total RNA (10 pg) was prepared from normal peripheral B 
cells incubated with medium or IL-4 (50 IU/ml) plus anti- 
CD40 mAb (5 kg/ml) or IL-4 (50 IU/ml) plus CD40 mAb 
(5 kg/ml) and genistein (5 pg/ml) for 5 days, then pro- 
ceeded as described for Fig. 3, except that the autoradio- 
graph was exposed for only 3 days. Similar results were 
obtained in two other experiments. 

levels, Fig. 3 shows that genistein (5 l&ml) had a 
strong inhibitory effect on the accumulation of E 
germline transcripts in B cells. In two experiments 
the mean ratio of E germline transcript to actin of 
B cells in the presence of genistein was 0.26 +- 
0.07 times that of the B cells that were stimu- 
lated in the absence of genistein (74% inhibition). 
In contrast, the PKC inhibitors sphingosine and 
H7 had minimal effect on E germline tran- 
scription. 

We have previously shown that anti-CD40 mAb 
upregulates E germline transcription induced by 
IL-4. To mimic the conditions required for IgE 
synthesis, we examined the effect of genistein on 
the level of E germline transcript mRNA in B cells 
cultured with IL-4 and CD40. Fig. 4 shows that 
anti-CD40 enhanced the level of E germline tran- 
scripts induced by IL-4 by fourfold. Genistein 
inhibited the upregulatory effect of CD40 ligation 
on E germline transcripts in IL4-treated B cells. 
In three experiments the mean ratio of E germline 
transcript to actin of B cells stimulated with IL-4 
and anti-CD40 in the presence of genistein was 
0.34 2 0.07 times that of B cells treated with IL4 
and anti-CD40 alone (66% inhibition). 

We next attempted to determine whether the 
levels of E germline transcripts in B cells treated 
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FIG. 5. Effect of genistein on induction of germline CE 
transcripts in B cells stimulated with IL-4 anti-CD40. Total 
RNA (IO kg) was prepared from normal peripheral B cells 
incubated for 5 days with lane 7: IL-4 (50 IU/ml), lane 2: 
IL-4 (50 IU/ml) plus anti-CD40 mAb (5 Fg/ml), lane 3: IL-4 
(50 IU/ml) plus anti-CD40 mAb (5 pg/ml) and genestein 
(5 kg/ml), lane 4: IL-4 (10 IU/ml) plus CD40 mAb (5 *g/ml), 
lane 5: IL-4 (50 IU/ml) plus anti-CD40 mAb (5 pglml) and 
H7 (100 kmol/L). The RNA was processed as described for 
Fig. 3, except that the autoradiograph was exposed for 
only 3 days. IgE synthesis was measured by radioimmu- 
noassay. Similar results were obtained in a second ex- 
periment. 

with IL-4 + anti-CD40 in the presence of geni- 
stein could account for the severe inhibition of IgE 
synthesis in these cultures. B cells were treated 

vigorous in the former cultures and absent in the 
latter cultures. Similar results were obtained in a 
second experiment. These findings suggested that 
PTK inhibitors block the CD40 signal that leads to 
IgE synthesis. 

The effect of the PTK inhibitor genistein on E 
germline transcripts was not peculiar to genistein 
because another PTK inhibitor, herbimycin, ex- 
erted similar effects. Fig. 6 shows that herbimycin 
(1 mmol/L) strongly inhibited IL4-induced accu- 
mulation of E germline transcripts in B cells (Fig. 
6, lanes I to 3). In two experiments the mean ratio 
of E germline transcript to actin of B cells in the 
presence of herbimycin was 0.22 ? 0.06 times 
that of B cells stimulated in the absence of her- 
bimycin (78% inhibition). Herbimycin also inhib- 
ited the upregulatory effect of CD40 ligation on 
E germline transcripts in IL-4-treated B cells 
(Fig. 6, lanes 4 to 5). In two experiments the mean 
ratio of E germline transcript to actin of B cells 
stimulated with IL-4 and anti-CD40 in the pres- 
ence of genistein was 0.51 & 0.09 times that of 
B cells treated with IL-4 and anti-CD40 alone 
(49% inhibition). 

with decreasing concentrations of IL-4 and a con- 
stant concentration of anti-CD40 and examined for PTK inhibitors inhibit CD40-mediated 

E germline transcript expression and IgE synthesis. induction of IgE and S~.-->SE 

Fig. 5 shows that B cells stimulated with anti- switch recombination 

CD-40 and IL-4 at 10 III/ml expressed levels of E Accumulation of E germline transcripts in B 
germline transcripts comparable to those of B cells cells treated with IL-4 is optimal after 4 days in 
treated with IL-4 (50 IU/ml) + anti-CD40 in the culture (data not shown). To confirm that PTK 
presence of genistein. However, IgE synthesis was inhibitors interfere with CD40-mediated IgE syn- 
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FIG. 7. Effect of genistein on the generation of Sk-->Sc switch fragments. B cells were 
stimulated with IL-4 (50 IU/ml) for 4 days then cultured for 10 days with anti-CD40 ? genistein 
(5 kg/ml) or H-7 (100 kmol/L). After 10 days, IgE level (picograms per milliliter) in the supernatants 
was measured by radioimmunoassay. Serially diluted aliquots of total cellular DNA from the B 
cells were amplified by nested PCR. The serially diluted template DNA sample amounts used in 
the first round of PCR are noted above the gel. The second round or nested round of PCR used 
10% of the original PCR reaction mixture as DNA template. Final PCR products were subjected to 
agarose gel electrophoresis. PCR-amplifiable DNA was present in all four samples, as evident in 
the insert in which primers specific for the human IL-l )3 promoter (- 1323/+72) yield a 1.4 kb 
fragment by PCR. Similar results were obtained in a second experiment. MW, Molecular weight 
markers. 

thesis independently of their effects on IL-4- 
induced E germ transcription, we first incubated B 
cells for 4 days with IL-4, then stimulated the 
cultures for an additional 10 days with anti-CD40 
in the presence or absence of genistein. Fig. 7 
shows that addition of anti-CD40 mAb to B cells 
pretreated with IL-4 for 4 days resulted in vigor- 
ous IgE synthesis equivalent to that seen in B cells 
simultaneously stimulated with IL-4 and anti- 
CD40 for 10 days. Addition of genistein, but not 
of the PKC inhibitor H7, together with anti-CD40 
to B cells pretreated with IL-4 for 4 days strongly 
inhibited IgE synthesis. 

We have previously shown that addition of 
anti-CD40 mAb to B cells treated with IL-4 re- 

sults in deletional switch recombination as dem- 
onstrated by nested primer PCR amplification of 
recombined Sl.& regions. To determine whether 
genistein interfered with switch recombination, 
we performed nested primer PCR amplification 
of recombined SQk regions on DNA isolated 
from B cells pretreated with IL-4 for 4 days then 
stimulated with anti-CD40 in the presence or 
absence of genistein or H7. Fig. 7 shows that the 
generation of Sl.& switch fragments was strongly 
inhibited by genistein. This effect was specific 
because H7 did not inhibit the generation of 
Sp./Se switch fragments. 

The effects of the PTK inhibitor herbimycin on 
IgE synthesis and SF-- > SE switch recombination 
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FIG. 8. Effect of herbimycin (1 wmol/L) on the generation 
of Sp-- > SE switch fragments. B cells were stimulated with 
IL-4 (50 IU/ml) for 4 days then cultured for 10 days with 
anti-CD40 -r- herbimycin (1 pmol/L). After 10 days, IgE 
levels (picograms per milliliter) in the supernatants mea- 
sured by radioimmunoassay were 22,725 in anti-CD40 + 
IL-4-stimulated cells versus 2160 in the presence of added 
herbimycin. Nested PCR was performed on serially diluted 
aliquots of total cellular DNA from the B cells, and PCR 
products were analyzed as described in the legend to Fig. 
7. DNA was present in both samples, as evident in the 
insert in which primers specific for the human IL-l 6 
promoter (- 1323/+72) yield a 1.4 kb fragment by PCR. 
Similar results were obtained in a second experiment. 
MW, Molecular weight markers. 

paralleled those of genestein. Fig. 8 shows that 
addition of herbimycin with anti-CD40 to B cells 
pretreated with IL-4 for 4 days strongly inhibited 
the generation of +/SE switch fragments, as well 
as IgE synthesis (Fig. 8). These results suggest 
that activation of PTK plays an important role in 
CD40-mediated isotype switch recombination. 

DISCUSSION 

In this article we show that inhibitors of PTK 
inhibit IgE synthesis in B cells stimulated with 
IL-4 and anti-CD40. PTK inhibitors inhibited 
both IL-4-driven E germline transcription and 
CD40-mediated isotype switch recombination. 

These results suggest that PTKs play an important 
role in IgE isotype switching. 

Both PTK inhibitors, genistein and herbimycin 
A, inhibited IgE synthesis by B cells stimulated 
with anti-CD40 mAb and IL-4 (Fig. 1). This 
inhibition occurred at concentrations for which 
these two agents are relatively specific inhibitors 
of PTKs: 5 &ml for genistein and 1 umol/L for 
herbimycin A. The observed inhibition could not 
be explained by a toxic effect of these drugs. 
Neither B-cell viability nor B-cell proliferation to 
PMA + ionomycin or anti-CD40 + IL-4 was af- 
fected by concentrations of inhibitors in excess 
of those that effectively blocked IgE synthesis 
(Fig. 2). The effect of PTK inhibitors on IgE 
synthesis was specific because IgE synthesis was 
not affected by inhibitors for PKC and protein 
kinase A. 

Both genestein and herbimycin strongly inhib- 
ited the induction of E germline transcripts by 
IL-4 (Figs. 3 and 6). This inhibition was specific 
because the PKC inhibitors H7 and sphingosine 
did not affect E germline transcript levels. These 
findings strongly suggest that PTK plays an im- 
portant role in IL-4-mediated induction of E 
germline transcription. Activation of PTK by IL-4 
is suggested by the observation that IL-4 causes 
tyrosine phosphorylation of a -75 kd membrane 
protein in murine B cells9 and of a -170 kd 
protein homologous to insulin receptor substrate 
1 that associates with P13 kinase in hemapoietic 
cells.” 

Engagement of CD40 synergizes with IL-4 to 
increase the level of E germline transcripts in B 
cells.4 Addition of the PTK inhibitor genistein to 
B cells treated with anti-CD40 + IL-4 reduced 
the levels of E germline transcripts in these cul- 
tures to that observed in B cells treated with IL-4 
alone. IgE synthesis was completely inhibited in 
these cultures, whereas there was vigorous IgE 
synthesis in B-cell cultures stimulated with anti- 
CD40 and IL-4 at concentrations that resulted in 
equivalent expression of E germline transcripts 
(Fig. 5). These findings suggested that in addition 
to its effect on the IL-4 signal, genistein exerted 
an effect on the signal provided by anti-CD40. 
Herbimycin, a PTK inhibitor that differs from 
genestein in structure and mode of action, exerted 
inhibitory effects on IL-4-induced E germline 
transcription similar to those observed with 
genestein (Fig. 6). 

We directly demonstrated inhibition of the 
CD40 signal by the PTK inhibitor genestein. B 
cells were pretreated with IL-4 for 4 days to allow 
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optimal expression of E germline transcripts (data 
not shown). Subsequent addition of anti-CD40 for 
10 days resulted in vigorous IgE synthesis. IgE 
synthesis was almost completely inhibited by in- 
corporation of genestein or herbimycin in the 
second phase of the culture (Fig. 7). These results 
strongly suggest that the CD40 signal that leads to 
TgE isotype switching in IL-4-treated B cells in- 
volves activation of tyrosine kinases. 

Anti-CD40 induces deletional switch recom- 
bination in IL4-treated B cells.4 We found 
that genistein, as well as herbimycin, abrogated 
SF-- > SE deletional switch recombination in these 
cultures (Figs. 7 and 8). This observation strongly 
suggests that activation of PTK plays an important 
role in CD40-driven isotype switch recombination. 
This conclusion is further supported by our recent 
observation that cross-linking the transmembrane 
phosphatase CD45 to CD40 inhibits IgE synthesis 
by IL-4-treated El cells (Loh et al. Manuscript 
submitted). 

Anti-CD40 mAb induces the release of IL-6, a 
cytokine essential for optimal synthesis of IgE 
by B cells.‘6, I7 Inhibition of IgE synthesis by 
genistein in cultured B cells pretreated with IL-4 
then stimulated with anti-CD40 could not be 
reversed by addition of IL-6 (data not shown). 
Thus the effect of PTK inhibitors on IgE synthesis 
could not be simply due to inhibition of IL6 
release. 

It has been previously reported that CD40 en- 
gagement on B-cell lines induces protein tyrosine 
phosphorylation and activation of serine/threonine 
kinases, which include PKC.” However, PKC in- 
hibitors did not inhibit CD40/IL-4driven IgE syn- 
thesis in B cells. These observations strongly sug- 
gest that PKC does not play an important role 
in CD40-induced IgE synthesis by IL-4-treated 
B cells. 

The nature of the biochemical pathway acti- 
vated by PTK that leads to isotype switch recom- 
bination in B cells is not known. Our recent 
results indicate that CD40 engagement causes 
tyrosine phosphorylation and increased enzymatic 
activity of the src type kinase lyn, of phospholipase 
C-r and of phosphoinositol-3’ kinase.” The role 
of these enzymes in CD40-mediated isotype 
switching needs to be determined. 

The signal delivered through CD40 plays an 
important role in T-cell-driven switching to all 
isotypes. We and others have recently shown that 
patients with X-linked agammaglobulinemia and 
normal or elevated levels of IgM who are unable 
to switch from IgM/IgD to other immunoglobuhn 
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isotypes fail to express the CD40 ligand on their T 
cells.‘9-23 Our results, which suggest an important 
role for PTKs in CD40-mediated switching to IgE, 
may be applicable to switching to other isotypes. 
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