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ABSTRACT CD38 ligation on mouse B cells by CSy2, an
anti-mouse CD38 mAb, induced proliferation, interleukin 5
(IL-5) receptor a chain expression, and tyrosine phosphory-
lation of Bruton tyrosine kinase (Btk) from wild-type, but not
from X chromosome-linked, immunodeficient mice. B cells
from fyn-deficient (Fyn2y2) and lyn-deficient (Lyn2y2) mice
showed an impaired response to mAb CSy2 for proliferation
and IL-5 receptor a chain expression, and B cells from fynylyn
double-deficient (FynyLyn2y2) mice did not respond at all to
mAb CSy2. The Btk activation by CD38 ligation was observed
in B cells from Fyn2y2 mice, and it was severely impaired in
B cells from Lyn2y2 and FynyLyn2y2 mice. CD38 expression
on B cells from three mutant strains was comparable to that
on control B cells. We infer from these results that both Fyn
and Lyn are required and that their signals are synergistic for
B cell triggering after CD38 ligation. Lyn is upstream of Btk
activation in the CD38 signaling. Stimulation of B cells with
IL-5 together with CD38 ligation induces not only IgM but also
IgG1 secretion. Analysis of the synergistic effects of IL-5 and
CD38 ligation on IgG1 secretion revealed the impaired IgG1
secretion of B cells from Lyn2y2 and FynyLyn2y2 mice. These
data imply that Lyn is involved in B cell triggering by CD38
ligation plus IL-5 for isotype switching.

CD38 is an ectoenzyme that possesses both ADP ribosyl
cyclase and cADP ribosyl hydrolase activities, which generate
cADP ribose and ADP ribose from NAD1 (1–4). A role for
CD38 in regulation of B cell activation has been suggested by
analysis using agonistic mAb to mouse CD38 (5–9). We have
reported that CD38 ligation on B cells by anti-mouse CD38
mAb induced proliferation, IgM secretion, and tyrosine phos-
phorylation of Bruton tyrosine kinase (Btk) in B cells from
wild-type mice. B cells from X chromosome-linked immuno-
deficient (Xid) mice did not respond at all to anti-CD38 mAb
although CD38 expression on these B cells was comparable to
that on wild-type B cells (8, 9). We infer from these results that
Btk activity is involved in B cell triggering after cross-linkage
of CD38.

Interleukin 5 (IL-5) induces proliferation and differentia-
tion of B cells, eosinophils, and basophils (10, 11). IL-5 signals
through the IL-5 receptor (IL-5R) complex, which is com-
prised of an a chain (IL-5Ra) and a b chain (12–18). Analysis
of the synergistic effects of various cytokines with CD38
ligation of B cell activation revealed that IL-5 showed the most
potent effect on B cell proliferation, Blimp-1 gene expression,
and IgM production (9). Although neither CD38 nor IL-5R
carries the catalytic domain for protein tyrosine kinases, CD38
ligation induces activation of Btk (9), and IL-5 activates Btk

and JAK2 kinases (18–20). The B cells from Xid mice that
carry the xid gene with a point mutation in the pleckstrin
homology domain of Btk (21, 22) have a global defect repre-
sented by low responses to CD38 ligation, IL-5, and anti-IgM
stimulation (23–26), further supporting the requirement of Btk
in CD38-dependent B cell signaling.

Lyn and Fyn are expressed in a broad range of cell types and
tissues (27). Lyn has been shown to be physically associated
with a number of hematopoietic cell surface receptors, includ-
ing the B cell antigen receptor (28–30), CD40 (31), the
lipopolysaccharide (LPS) receptor (32), the high affinity
Fc«RI complex (33), the granulocyte–macrophage colony-
stimulating factor receptor (34), and IL-5R (11, 35). Further-
more, Lyn and Fyn were shown to be associated with Btk (36).
Lyn is most likely the predominant src family kinase involved
in activation of Btk in B cells (37). It is not clear, however,
whether Fyn and Lyn are involved in the signaling cascade of
CD38 ligation. In this study, using fyn-deficient (Fyn2y2),
lyn-deficient (Lyn2y2), and fynylyn double-deficient (Fyny
Lyn2y2) mice, we have examined the role of Fyn and Lyn in
signaling through CD38 ligation and in the synergistic effect of
CD38 ligation and IL-5 on B cell triggering. We describe that
CD38 ligation and IL-5 induce IgG1 secretion, which is
impaired in B cells from Lyn2y2 and FynyLyn2y2 mice.

MATERIALS AND METHODS

Reagents. Mouse recombinant IL-5 was prepared and pu-
rified using anti-IL-5 mAb coupled beads as described (12).
Rat anti-mouse CD38 mAb, CSy2, and anti-mouse IL-5Ra
mAb, H7, were prepared as described (9, 38). Rabbit anti-
mouse Btk polyclonal antibodies were prepared by immunizing
rabbits with glutathion S-transferase–Btk fusion protein (9).
Anti-phosphotyrosine mAb, 4G10, was obtained from Upstate
Biotechnology (Lake Placid, NY).

Flow Cytometry. One million cells were stained with 50 ml
of biotinylated CSy2, H7, or bet-2 mAb (anti-mouse IgM, 2
mgyml) and 50 ml f luorescein isothiocyanate-labeled RA3–
6B2 mAb (anti-mouse B220, 10 mgyml) for 30 min at 4°C, with
the addition of 2.4G2 mAb (anti-mouse FcgR, 10 mgyml) to
avoid nonspecific binding of the labeled mAb. After being
washed, cells were incubated with 50 ml of phycoerythrin-
conjugated streptavidin at 4°C for 20 min. After being stained,
cells were suspended in PBS buffer containing 0.1% 7-amino-
actinomycin D (Sigma) to exclude dead cells from the analysis.
Fluorescence intensity was measured with a FACScan instru-
ment (Becton Dickinson).
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Assays for B Cell Proliferation and Ig Secretion. To gen-
erate FynyLyn2y2 mice, we crossed Fyn2y2 mice (39) with
Lyn2y2 mice (40). All single mutant animals used to generate
FynyLyn2y2 mice had been back-crossed at least two gener-
ations to C57BLy6 mice. Mice were anesthetized with ether
and then killed. Splenic B cells were isolated from 7- to
9-week-old mice after T cell depletion by treatment with
anti-mouse Thy1.2 mAb for 30 min on ice and then with rabbit
complement for 30 min at 37°C as described (23). Small dense
splenic B cells were further purified by fractionation on
discontinuous gradient of Percoll (Pharmacia LKB) as de-
scribed (40). Approximately 90–93%, 88–91%, 83–86%, and
85–88% of isolated cells from wild-type, Fyn2y2, Lyn2y2, and
FynyLyn2y2 mice, respectively, were found to express the B
cell marker B220. Small dense B cells were cultured at a
concentration of 1 3 105 cellsy200 mlywell with or without
stimulants in RPMI 1640 medium, 8% fetal calf serum, 2 mM
L-glutamine, and 50 mM 2-mercaptoethanolypenicillin at 50
unitsymlystreptomycin at 50 mgyml in 96-well f lat-bottom
microtiter plates. Cultures were performed in triplicate. The
cells were pulse-labeled with [3H]thymidine (0.2 mCi per well;
1 Ci 5 37 GBq) during the last 6 h of a 72-h culture period, and
incorporation of radioactivity was measured as described (9).
Results were expressed as the mean cpm 6 SEMs of triplicate
cultures.

For determining Ig secretion, cells were cultured for 7 days,
and IgM and IgG1 in cultured supernatants were determined
by ELISA (9).

Immunoprecipitation and Immunoblot Analysis. Cells (4 3
107y2 ml) were stimulated with CSy2 (final 20 mgyml) or
anti-IgM mAb (20 mgyml) for 5 min at 37°C. Cell lysates were
prepared and precleared with protein G-Sepharose 4B. The
lysates (400 ml) were incubated at 4°C for 60 min with 5 mg of
anti-Btk antibody. Immune complexes were collected on pro-
tein G-Sepharose during a 60-min incubation at 4°C, washed
with lysis buffer, and boiled for 5 min with 2X Laemmli’s
sample buffer. Samples were electrophoresed on SDSy8%
polyacrylamide gels and transferred to an Immobilon-P mem-
brane (Nihon Millipore, Tokyo). After blocking with Tris-
buffered saline (TBS) containing 5% BSA, membranes were
incubated with the appropriate primary antibody and washed
in TBSy0.05% Tween 20 (TBS-T). After incubation with rabbit
anti-mouse or donkey anti-rabbit secondary antibodies cou-
pled to horse radish peroxidase, membranes were washed with
TBS-T and subjected to an enhanced chemiluminescence
detection system (Amersham).

RESULTS

Impaired Proliferative Response of B Cells from Lyn
Knock-Out Mice to IL-5 and CD38 Ligation. Small dense
splenic B cells were stimulated with mAb CSy2 for 3 days, and
uptake of [3H]thymidine was determined. mAb CSy2 alone
(.10 ngyml) induced proliferation of B cells from wild-type
mice (Fig. 1). This response reached a plateau at a mAb CSy2
concentration of 0.1 mgyml. The proliferative response was
significantly reduced by 80% and 50% of control response in
B cells from Fyn2y2 and Lyn2y2 mice (Fig. 1 A and B),
respectively, and was abolished in B cells from FynyLyn2y2

mice (Fig. 1C).
A remarkable proliferative response was observed when B

cells from wild-type mice were stimulated with mAb CSy2 plus
IL-5. A significant proliferative response was demonstrated
down to a mAb CSy2 concentration of 10 ngyml (Fig. 2A) when
B cells from wild-type mice were cultured with a fixed con-
centration of IL-5 (0.5 unitsyml or 5 unitsyml). The B cells
from Fyn2y2 mice significantly responded to mAb CSy2 plus
IL-5, but their responses were severely reduced (Fig. 2B). The
B cells from Lyn2y2 mice showed more profoundly decreased
proliferative response (Fig. 2C). Splenic B cells from Fyny

Lyn2y2 mice did not show a significant proliferative response
(Fig. 2D). These results indicate that Lyn and Fyn are involved
in proliferative response to mAb CSy2 and IL-5.

The decreased proliferative response of B cells from Fyn2y2,
Lyn2y2, and FynyLyn2y2 mice to CD38 ligation may be due to
the decreased expression of CD38 on their cell surface. We
compared the expression of CD38 vs. B220 (Fig. 3A) and
surface IgM vs. B220 (Fig. 3B) on spleen cells from each strain
of mice with that from wild-type mice by flow cytometry. The
results revealed that intensity of the CD38 and surface IgM
expression on B2201 B cells from Fyn2y2 and Lyn2y2 mice
were comparable to B cells from wild-type mice although
numbers of B2201 cells in spleen from FynyLyn2y2 slightly
decreased. We infer from these results that the impaired
responsiveness of B cells from Fyn2y2, Lyn2y2, and Fyny
Lyn2y2 mice may not simply be due to a reduced level of CD38
expression but rather due to an impaired signaling pathway
through CD38.

Impaired Tyrosine Phosphorylation of Btk in B Cells from
Lyn2y2 and FynyLyn2y2 Mice. Activation of B cells through
B cell antigen receptor, IL-5R, or CD38 ligation is accompa-
nied with tyrosine phosphorylation of Btk (9, 18, 42). To gain
further insight into the impaired responsiveness of B cells from
Lyn2y2 and FynyLyn2y2 mice to CD38 ligation, we focused on
tyrosine phosphorylation of Btk. Splenic B cells were unstimu-

FIG. 1. Effect of CD38 ligation on B cell proliferation. T cell-
depleted splenic B cells (1 3 105ywell) from (A) Fyn2y2, (B) Lyn2y2,
or (C) FynyLyn2y2 mice were cultured for 3 days with various
concentrations of CSy2. Cells were pulse-labeled with [3H]thymidine,
and incorporation of radioactivity was measured. Results are ex-
pressed as mean cpm 6 SEMs of triplicate cultures. (h) and (F) denote
wild-type littermates and gene-deficient mice, respectively.

FIG. 2. Synergistic effect of mAb CSy2 and IL-5 on B cell
proliferation. T cell-depleted splenic B cells (1 3 105ywell) from (A)
wild-type, (B) Fyn2y2, (C) Lyn2y2, or (D) FynyLyn2y2 mice were
cultured for 3 days with various concentrations of mAb CSy2 (h), mAb
CSy2 plus 0.5 unitsyml of IL-5 (l), or mAb CSy2 plus 5 unitsyml of
IL-5 (F). Cells were pulse-labeled with [3H]thymidine, and incorpo-
ration of radioactivity was measured. Results are expressed as mean
cpm 6 SEMs of triplicate cultures.
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lated or stimulated with mAb CSy2 or anti-IgM mAb for 5 min.
Cell lysates from each group were analyzed by immunoblot
using anti-phosphotyrosine mAb and anti-Btk antibody. Re-
sults revealed that significant tyrosine phosphorylation of Btk
was induced in splenic B cells of wild-type mice stimulated with
mAb CSy2 or anti-IgM mAb but was not induced in unstimu-
lated cells (Fig. 4). Splenic B cells did not show from either
Lyn2y2 or FynyLyn2y2 mice a significant tyrosine phosphor-
ylation of Btk with either mAb CSy2 or anti-IgM stimulation
(Fig. 4 B and C) even though equal amounts of Btk were
immunoprecipitated with anti-Btk antibody. B cells from
Fyn2y2 mice showed a significant tyrosine phosphorylation of
Btk (Fig. 4A).

Impaired Production of IgG1 Antibody by B Cells from
Lyn2y2 and FynyLyn2y2 Mice in Response to mAb CSy2 and
IL-5. To examine the effect of mAb CSy2 on IgM and IgG1
production, splenic B cells from wild-type, Fyn2y2, Lyn2y2,
and FynyLyn2y2 mice were cultured for 7 days with either
mAb CSy2, IL-5, or mAb CSy2 plus IL-5, and the amounts of
secreted IgM and IgG1 were measured. As a control, B cells

also were stimulated with LPS. The B cells from Lyn2y2 mice
showed spontaneous production of relatively high amounts of
IgM, as described (40, 41). Stimulation of B cells with mAb
CSy2 alone induced a basal level of IgM by B cells from each
strain of mice (Table 1). When the B cells from wild-type mice
were stimulated with mAb CSy2 plus IL-5, IgM production was
dramatically enhanced (Table 1). The B cells from either
Fyn2y2 or Lyn2y2 mice responded to mAb CSy2 plus IL-5 for
IgM production; however, the amounts of secreted IgM were
lower than that secreted by control B cells. In contrast, B cells
from FynyLyn2y2 mice showed markedly decreased IgM
production upon stimulation with either mAb CSy2 plus IL-5
or LPS.

Table 2 shows that stimulation of B cells from wild-type and
Fyn2y2 mice with mAb CSy2 and IL-5 dramatically enhanced
IgG1 production and was to a extent similar to that induced by
LPS plus IL-4 (data not shown). Stimulation with mAb CSy2
plus IL-2, IL-4, or granulocyte–macrophage colony-
stimulating factor showed only marginal enhancement of IgG1
production (data not shown). Conversely, stimulation of
splenic B cells from Lyn2y2 and FynyLyn2y2 mice induced
marginal IgG1 production when stimulated with IL-5 plus
mAb CSy2. IgG1 production by B cells in response to LPS
rather was enhanced in B cells from Fyn2y2, Lyn2y2, and
FynyLyn2y2 mice.

Role of Fyn or Lyn in the Enhancement of IL-5 Receptor a
Chain Expression by CD38 Ligation. As we described (9),
CD38 ligation of B cells from wild type mice enhances the
expression of IL-5Ra. The impaired secretion of IgM and IgG1
by B cells from Fyn2y2, Lyn2y2, and FynyLyn2y2 mice in
response to mAb CSy2 plus IL-5 raised the possibility that
stimulation of B cells from Fyn2y2, Lyn2y2, and FynyLyn2y2

mice by mAb CSy2 may not enhance the expression of IL-5Ra
on B cells. To evaluate this possibility, we stimulated splenic B
cells with mAb CSy2 for 72 h. The IL-5Ra expression was then
determined by flow cytometry using an anti-IL-5Ra mAb. An
increased expression of IL-5Ra was observed in B cells from
wild-type mice in response to mAb CSy2 but was not observed
in B cells from FynyLyn2y2 mice, and significantly reduced
expression was observed in B cells from Fyn2y2 and Lyn2y2

mice (Fig. 5).

DISCUSSION

We demonstrated four major observations in this study. (i) We
showed an agonistic effect of mAb CSy2 on proliferation,
tyrosine phosphorylation of Btk, and IL-5Ra expression of
small dense splenic B cells. (ii) However, the agonistic effect
of mAb CSy2 on B cell proliferation was impaired in B cells
from Fyn2y2, Lyn2y2, and FynyLyn2y2 mice. Btk activation by
CD38 ligation was observed in B cells from Fyn2y2 mice
whereas it was not observed in B cells from Lyn2y2 and
FynyLyn2y2 mice. (iii) IL-5 and mAb CSy2 synergistically
acted on B cells to enhance proliferation and secretion of IgM
and IgG1 by B cells from wild-type and to a lesser extent
Fyn2y2 mice. These synergistic effects were severely impaired
in B cells from Lyn2y2 and FynyLyn2y2 mice. And (iv)
enhanced IgG1 production in response to LPS in B cells from
Fyn2y2, Lyn2y2, and FynyLyn2y2 mice was observed. We have
demonstrated that Xid B cells do not respond to CD38 for
proliferation and Btk activation (9). Furthermore, stimulation
of Xid B cells with mAb CSy2 plus IL-5 did not induce at all
the IgG1 production (data not shown). Based on these obser-
vation, we conclude that Lyn, Fyn and Btk are required for B
cell triggering by CD38 ligation.

The number of B cells in the spleen was not normal in
Lyn2y2 mice and was quite a bit lower in the FynyLyn2y2 mice
(Fig. 3B). One trivial possibility is that the decreased responses
may be due to decreased numbers of B cells in the populations
being studied. As described in Materials and Methods, B cell

FIG. 3. Flow cytometric analysis. Spleen cells from wild-type,
Fyn2y2, Lyn2y2, or FynyLyn2y2 mice were stained with (A) biotin-
ylated mAb CSy2 or (B) anti-IgM mAb followed by avidin-
phycoerythrin and fluorescein isothiocyanate-labeled RA3–6B2.
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populations obtained from wild-type, Fyn2y2, Lyn2y2, and
FynyLyn2y2 mice were not different so much from each other.
In the experiment shown in Fig. 1, percentages of CD38-
positive cells in B cell populations from wild-type, Fyn2y2,
Lyn2y2, and FynyLyn2y2 mice were 85%, 84%, 80%, and 82%,
respectively. Furthermore, we obtained essentially the same
results shown in this study by culturing twice as many B cells
from Lyn2y2 and FynyLyn2y2 mice as from wild-type mice. So
we conclude that the decreased responses are not due to
decreased numbers of B cells in the populations being studied.

As described (40, 41), the Lyn2y2 mice showed splenomeg-
aly with age and reduced numbers of peripheral B cells
(35–70% of wild-type mice). They showed elevated levels of
serum IgM, the number of IgM-secreting cells, and the exis-
tence of circulating autoantibodies (40, 41). Intriguingly, the
Lyn2y2 mice exhibited hyperresponsiveness to anti-IgM-
induced proliferation (43). Thus, Lyn has an indispensable role
in B cell antigen receptor-mediated signal transduction that is
required for T cell-independent B cell proliferation and in
triggering the elimination of autoreactive B cells. The propor-
tion of IL-5Ra-positive B cells in spleen was increased in
Lyn2y2 mice and was not enhanced upon mAb CSy2 stimu-
lation. Although thymocytes from Fyn2y2 mice showed hypo-
responsiveness to T cell antigen receptor ligation, their splenic
B cells did not show abnormality to B cell antigen receptor
ligation and LPS stimulation for proliferation (44). The B cells
from Fyn2y2 and Lyn2y2 mice showed a significantly de-
creased proliferative response to IL-5 plus dextran sulfate
(data not shown), suggesting the involvement of Fyn and Lyn

in the IL-5 signaling pathway for proliferation. Phenotypes of
FynyLyn2y2 mice used in this study were very similar to those
of Lyn2y2 mice.

CD38 ligation by mAb CSy2 induced B cell proliferation,
IgM production, and tyrosine phosphorylation of Btk in B cells
from wild-type mice. B cells from Xid mice showed no
significant responsiveness to mAb CSy2 plus IL-5 (9). So, Btk
must be required, directly or indirectly, for CD38-mediated
signal transduction. Knowledge of how CD38 control Btk
activity is necessary for understanding CD38-dependent sig-
naling. The CD38 ligation enhanced tyrosine phosphorylation
of Lyn and Fyn (data not shown), suggesting the involvement
of Lyn and Fyn in CD38 signal transduction cascade. Thus, an
important question is whether activations of Lyn and Fyn are
indispensable, and if so, are they upstream or downstream of
Btk in CD38-dependent signaling? As shown in Fig. 4, a
significant Btk activation was not observed in B cells from
Lyn2y2 and FynyLyn2y2 mice when stimulated with mAb
CSy2 or anti-IgM mAb, although it was observed in B cells
from Fyn2y2 mice. This was not due to a reduced level of the
CD38 and surface IgM expression (Fig. 3).

CD38-induced proliferative response does not correlate
with Btk activation; the Fyn2y2 mice have Btk phosphorylation
but a substantial decrease in proliferation (80% reduction)
(Figs. 1 and 4). Thus, there is a Btk-independent pathway
controlled by Fyn that is important for CD38-induced B cell
proliferation, in addition to the FynyLyn signaling pathway.
These results imply that Fyn and Lyn are required for the CD38
signaling pathway and play a different role in CD38-dependent

FIG. 4. Induction of tyrosine phosphorylation of Btk by cross-linking of CD38 or surface IgM. Small dense splenic B cells (4 3 107y2 ml) from
(A) Fyn2y2, (B) Lyn2y2, or (C) FynyLyn2y2 mice were treated with mAb CSy2 at 40 mg or anti-IgM mAb at 40 mg for 5 min at 37°C. Cells were
lysed, and lysates were immunoprecipitated with anti-Btk antibodies. Immunoprecipitates were subjected to SDSy8% PAGE analysis and
immunoblotted with anti-phosphotyrosine mAb. The membrane was reprobed with anti-Btk antibody (Lower). Positions to which Btk kinase
migrated are indicated by arrowheads, and marker proteins (in kilodaltons) are shown at left.

Table 1. Secretion of IgM by splenic B cells from FynyLyn-deficient mice

Stimulation

Donor of spleen cells

Fyn Lyn FynyLyn

1y1 2y2 1y1 2y2 1y1 2y2

None 24 6 8 25 6 8 131 6 7 1181 6 47 21 6 10 101 6 9
CSy2 49 6 7 103 6 24 529 6 26 1039 6 41 81 6 9 136 6 29
IL-5 143 6 22 270 6 23 1167 6 45 4120 6 200 519 6 43 443 6 39
CSy2 1 IL-5 13,469 6 816 7024 6 580 22,375 6 818 6574 6 262 6407 6 749 777 6 65
LPS 85,719 6 6870 82,839 6 4690 97,568 6 2221 81,514 6 1882 66,195 6 4665 5512 6 454

T cell-depleted splenic B cells (1 3 105 well) from wild-type (1y1) or gene-deficient (2y2) mice were cultured for 7 days. Cells were unstimulated
and stimulated with mAb CSy2 (1 mgyml), IL-5 (100 unitsyml), mAb CSy2 plus IL-5, or LPS (10 mgyml). After culturing, the amount of IgM (ngyml)
in the culture supernatant was determined by ELISA. Data are expressed as mean 6 SE of triplicate cultures.
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B cell signaling. Lyn is probably involved upstream of Btk in the
system. Recent studies in transient expression assays have
provided evidence that Btk can be activated by src-kinases and
have suggested that Btk is downstream of src-family kinases in
B cell signal transduction pathway (45, 46). Our results are in
agreement with theirs.

Stimulation of B cells from wild-type mice with mAb CSy2
plus IL-5 dramatically enhanced B cell proliferation and IgM
production (Fig. 2; Table 1). By contrast, the same stimulation
of B cells from FynyLyn2y2 mice did not induce at all any of
these effects. Splenic B cells from either Fyn2y2 or Lyn2y2

mice responded to mAb CSy2 plus IL-5 for significant prolif-
eration and IgM production but to a lesser extent to control B
cells (Table 1). These results indicate that Fyn and Lyn kinases
are synergistic in B cell triggering by CD38 ligation and IL-5.

An intriguing observation in this study was the remarkable
IgG1 production by B cells in response to mAb CSy2 and IL-5
(Table 2). Stimulation of B cells with mAb CSy2 and IL-4 did
not induce the significant IgG1 production (data not shown).
Neither IgA nor IgG2a production was enhanced upon stim-
ulation with mAb CSy2 and IL-5. The CD38-dependent IgG1
production was not observed in B cells from Lyn2y2 and
FynyLyn2y2 mice, indicating the critical role of Lyn in the
system. These results suggest that there are at least two
different pathways for polyclonal IgG1 production; the one
pathway is dependent on IL-4, and the other pathway is
inducible by CD38 ligation and IL-5 in an IL-4-independent
manner. Lyn and Btk are required for the latter pathway. This
may be the first demonstration of the involvement of Lyn
kinase in preferential IgG1 production. Although the role of

IL-5 in IgG1 production in conjunction with mAb CSy2
remains unclear, the results suggest that CD38 ligation may
induce isotype-switching from m to g1. LPS has been shown to
induce IgM and IgG3 production mainly. The B cells from
Lyn2y2 and Fyn2y2 mice produced more IgG1 upon LPS
stimulation than B cells from wild-type mice. Fyn and Lyn may
regulate LPS-induced isotype-switching negatively.

In conclusion, B cell triggering by CD38 ligation that is
synergistically enhanced by IL-5 requires activation of Fyn,
Lyn, and Btk. The signals from Fyn and Lyn kinases are
synergistic in B cell triggering by CD38 ligation and IL-5.
Further study of Btk-associated molecules, substrates for Btk,
the natural ligand for CD38, and molecular mechanisms of
enhanced IL-5Ra expression and src-kinase activation by
CD38 ligation should provide an important opportunity for
understanding CD38-dependent B cell signaling, in particular
for IgG1 production.
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