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Activation of Lyn, Blk, and Btk But Not Syk in
CD72-Stimulated B Lymphocytes

Chandrasekar Venkataraman, Natarajan Muthusamy? Subramanian Muthukkumar, 3 and
Subbarao Bondadd

CD72 is a B cell-specific glycoprotein that has been shown to be important for activation of mature B cells. Previously we showed
that some of the early signaling events, such as calcium mobilization and phospholipageactivation, were similar in B cell Ag
receptor (BCR)- and CD72-stimulated B cells and that BCR- but not CD72-mediated early signaling events were blocked by
protein kinase A activation. The present report shows that CD72 ligation induces a variety of tyrosine-phosphorylated proteins,
most of which were of the same molecular mass as those seen in anti-IgM-treated B cells, except for a 72-kDa protein. Further
analysis showed that the tyrosine kinases lyn and blk were activated in CD72-ligated B cells. Interestingly, the non-src kinase syk
was not activated in CD72-stimulated cells whereas the tec family kinase btk was activated in both CD72- and BCR-stimulated
B cells. Furthermore, B cells from xid mice were unresponsive to CD72-induced proliferation, indicating an essential role for btk
in CD72-induced signaling events. Surprisingly, tyrosine phosphorylation of phospholipase @2 was normal in CD72-stimulated
cells in spite of a lack of activation of syk. Furthermore, B cell proliferation through CD72 was blocked by the immunosuppressive
agents cyclosporin A and FK506, indicating the important role for C&*-regulated activation events similar to BCR-stimulated
cells. We propose that btk can substitute for syk in inducing phospholipase G2 tyrosine phosphorylation and initiating calcium
mobilization in CD72-stimulated B lymphocytes. The Journal of Immunology,1998, 160: 3322—3329.

various coreceptors CD19, CD40, CD72, and CD38 re-signals.

sults in the generation of signals leading to cell prolifer-  The B cell specific coreceptor CD72 is a 45-kDa type Il trans-
ation, differentiation, and growth inhibition (1-5). These events aremembrane glycoprotein expressed in all stages of B cells except
primarily initiated by activation of protein tyrosine kinases (PTKs) plasma cells. Stimulation through CD72 induces B cell prolifera-
of the src-family (lyn, blk, and fyn), non-src family (syk), and the tion (16—18), an increase in levels of surface MHC class Il (19,
tec-family kinase (btk) (6, 7). Subsequently, several substrates ir20), and augmentation of IL-4-dependent CD23 expression (21).
cluding phospholipase @2 (PLC+y2) (8), phosphatidylinositol CD72 has an important role in differentiation of B cells into Ab-
3-kinase (9), and ras-GAP (10) undergo tyrosine phosphorylatiosecreting cells in responses to both thymic-independent and thy-
leading to generation and amplification of diverse signals into themic-dependent Ags (20, 22, 23). Thus, activation of Ag-specific B
cell. For BCR-induced signaling events, initial activation of the lymphocytes by the thymic independent Ag TNP-Ficoll was en-
src-kinase lyn is essential for activation of syk and btk (11, 12),hanced by signaling through CD72 (22).
which in turn control tyrosine phosphorylation and activation of  Although the exact mechanisms involved in CD72-mediated B
PLC-y2 (13, 14). However, recent evidence demonstrates a lyneell activation are unknown, ligation of CD72 induces hydrolysis
independent activation of syk (15) in BCR-stimulated B lympho- of inositol phospholipids (18, 24) and elevation of intracellular
cytes. Thus coordinate activation and interaction of different sig-calcium (18, 19). Previously we showed that both these signaling
events were similar in B cells stimulated through CD72 and BCR
(18). However, pathways used by CD72 and BCR were differen-
tially regulated by PKA. Thus, cAMP-elevating agents like fors-
Bﬁﬁlaerrt;“i;”;f":(g"&gg%‘f”"L’giisgtdor'{“w’féggéa”d Sanders-Brown Center on Ag'”g'kolln_ (18) or PGE (25) inhibited BCR-mediated but not CD72-

mediated B cell proliferation. cAMP inhibited BCR-induced

Received for publication September 18, 1997. Accepted for publication December . . . I -
9. 1997. P P P P activation of phospholipase g€and [C&*]; mobilization indicat-

The costs of publication of this article were defrayed in part by the payment of pagéng a “cross-talk” between cAMP fand ph_OSph.atldyhnOSItOl path-
charges. This article must therefore be hereby maedcrtisemenin accordance ~ ways for BCR- but not CD72-mediated signaling pathways (18).
with 18 U.S.C. Section 1734 solely to indicate this fact. These results suggested that the potential targets of PKA may be,
1 This work was supported by Grants Al 21490 and Al 05731 to S.B. from the at least in part, at the level of PTK activation and/or PLC activa-
National Institutes of Health. . L . . o

o ) o tion. CD72-mediated signals partially overcome apoptosis in B
2 Current address: Department of Pediatrics and Medical Microbiology and Immu—I h t dbv h linking the BCR in vit 26
nology, Wexner Institute for Pediatric Research, Columbus, OH. ymphnocytes _Cause y yper'f:ross_' INKing the ’ '_n 4 I’O( )
3 Current address: Division of Monoclonal Antibodies, Center for Biologics Evalua- Th? PKA r§5|stanc§ Of_ CD72 signaling, together with its ab'“_ty to
tion and Research, Food and Drug Administration, Bethesda, MD. deliver antiapoptotic signals, strongly suggests that CD72 signals

4 Address correspondence and reprint requests to Dr. Subbarao Bondada, 205 Saf@ay have a bystander role to antagonize negative effects on B cell
ers-Brown Center on Aging, 800 South Limestone St., University of Kentucky, Lex- gctivation during immune responses.

ington, KY 40536. E-mail address: sbonda@pop.uky.edu L . . .

. gbb J @ﬁ p-uy y As an initial step toward understanding the key differences in
Abbreviations used in this paper: BCR, B cell Ag receptor; PKA, protein kinase A; . . .

PTK, protein tyrosine kinase; PLC, phospholipase C; CAb, control Ab; IB, immu- early S|gnals gen.erated through (?D72 and BCR’_ we mve‘Stlgated

noblot; CsA, cyclosporin A; PH, pleckstrin homology; PI, phosphatidylinositol. the role of tyrosine phosphorylation and activation of different

I igation of the clonotypic B cell Ag receptor (BCRand naling molecules tightly regulate cellular responses to various
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PTKs following stimulation through these receptors. Ligation of tometer using a volume-integrated mode, and the results were expressed as
CD72 resulted in activation of PTKs, lyn, and blk. Unlike BCR- fold increase.
ligated B cells, the non-src family kinase syk was not activatedproliferation assay

up_on signaling through CD72. Surprlsmgl_y, tyrosme_ phosphory DBA/2 B cells (2 10°) were cultured in the presence or absence of 50
lation (_)f PLC‘yZ_ Wa}s apparently normal in CD72-stlmgIated B rg/ml of Abs (anti-IlgM or anti-CD72) or inhibitors (CsA or FK506) in a
cells without activation of syk. Instead, btk, the tec family mem- final volume of 200ul in IF-12 medium containing 10% FBS (Atlanta
ber, was found to be critical for CD72-mediated B cell activation. Biologics, Norcross, GA). Bacterial LPS was used at a concentration of 10
wg/ml. For studying proliferation of xid and non-xid B cells}210° cells

. were cultured with increasing concentrations of anti-CD72 Abs in the pres-
Materials and Methods ence or absence of 50 U/ml of IL-4. B cells were also stimulated with 50
Animals ng/ml of anti-IgM (in the presence or absence of IL-4) to make compar-

) ) ) isons on the proliferative ability of cells to BCR engagement. Cells were
Female DBA/2, BALB/c, CBA/Ca (non-xid), and CBA/N (xid) mice were cyitured for 48 h in 5% C@at 37°C and pulsed with iCi of tritriated

obtained from the National Cancer Institute, Frederick, MD. thymidine (sp. act. 2 Ci/mmol, New England Nuclear, Boston, MA) during
Rea the last 4 h. Cultures were harvested on glass fiber filters using a Packard
gents . e ; i

automatic cell harvester, and thymidine incorporation was determined by a

Details have been previously described of monoclonal anti-CD72 AbsMatrix-96 8 counter (Packard, Downers Grove, IL).

K10.6 (27, 28) and 10.1.D2 (17) and of isotype-matched control Ab (CAb)

MOPC195 (M195) (18) used in this study. Goat anti-mouse IgM B4ab Results

was purchased from Organon Teknika (Durham, NC). Genistein and hertigation of CD72 induces tyrosine phosphorylation of multiple

bimycin A were from Calbiochem-Behring (San Diego, CA). The stock .g||ular substrates via a PTK-dependent pathway
solutions of these PTK inhibitors were prepared in DMSO and stored at

—20°C until further use. Cyclosporin A was from Sandoz Research Insti-To analyze the initial signaling events after engaging CD72, B
tute (East Hanover, NJ). FK506 was a kind gift from Fujisawa GmbH [ymphocytes were stimulated with Abs to the CD72 receptor for

(Munich, Germany). Abs to lyn, blk, syk, btk, and PLy2-were purchased ; : : : : : _
from Santa Cruz Biotech (Santa Cruz, CA). IL-4 was purchased from Genglﬁerent time periods. Following stimulation, lysates were pre

zyme (Cambridge, MA) and recombinant horseradish peroxidase (HRP)Pared and analyzed ySing the a.nti-phc.)sphotyrosine Ab RC20. As a
conjugated anti-phosphotyrosine Ab (RC20H) was obtained from Transcontrol, cells were stimulated with an isotype-matched control Ab.
duction Laboratories (Lexington, KY). Lysates from anti-IlgM-stimulated cells were used to compare dif-
ferences or similarities in the profile of induction of various pro-
teins after BCR or CD72 engagement. Stimulation through CD72,
Splenic B cells were prepared after T-depletion as described previousiput not the control Ab, resulted in tyrosine phosphorylation of
(18), and their purity exceeded 95% in most experiments. Splenic B cellseveral proteins of molecular masses (indicated by arrows in Fig.
in serum-free Iscove/F-12 (IF-12) medium were prewarmed at 37°C for 45_LA) of 40, 45, 52 to 56, 60, 90 to 95, 110 to 120, and a prominent

min. B cells were stimulated at 37°C with 1@/ml of anti-lgM, 30ug/ml . .
of anti-CD72, or M195. In some experiments, cells were pre-incubated’TOt€in at 140 kDa. Proteins at 30 to 32 and 35 kDa were also

with PTK inhibitors, genistein (1L0QM), or herbimycin A (7ug/ml) for 30 phosphorylated but with lesser intensity. Induction was detected as
min at 37°C and later stimulated with the stimulatory Abs. Reactions wereearly as 1 min (52-, 56-, and 140-kDa bands), reaching peak levels
_Stﬁ!%l_’ted Withdthe a\%digon ?_m (Czosl)d;o?SAth)H Z-thcot';]‘ammg pr:‘OSth‘;%S;Sat 10 to 15 min and returned to basal levels of phosphorylation by
inhibitors as described earlier (29, 30). After two to three washes wi : ;
cells were lysed with 1% Triton-X 100 lysis buffer containing 20 mM 45_ min, although the p_hosphqrylatlon reached pe?k Ieve!s at 30
Tris-HCI, pH 7.6, 150 mM NaCl, 10 mM NaF, 1 mM §dO,, 1 mM min for a 40-kDa protein. Similar results were obtained with an-
EDTA, 1 mM PMSF, 2ug/ml aprotinin, and 2ug/ml of leupeptin for 30  other anti-CD72 Ab, 10.1.D2 (data not shown). When compared
min on ice. Lysates were ocleared of nuclear debris by centrifugation afyith anti-lgM-stimulated cells, there was an absence of tyrosine
12,000 g for 30 min at 4°C. phosphorylation of a 72-kDa protein in CD72-stimulated cells. The
For immunoprecipitation studies, lysates prepared fromx230° B . .
cells were precleared with protein A beads (Repligen, Cambridge, MA) fof€appearance of tyrosme-phosphoryla_ted prme'ns at molecular
1 h at 4°C. Abs to lyn, blk, syk, PLG2, or btk were added and incubated mMass< 28 kDa and 43 kDa at 30 min in CD72-stimulated cells
at 4°C for 6 h. Immune complexes were collected by incubating with pro-was not seen in other similar experiments. Two PTK-specific in-
tein A beads for 2 h. Proteins were eluted by boiling with sample buffer forhjpitors, genistein (Fig. B) and herbimycin A (data not shown)

3 to 5 min and were separated on 10% SDS-PAGE. Resolved proteins we . :
transferred onto Immobilon-P membranes (Millipore, Bedford, MA), then Were used to determine whether the appearance of tyrosine-phos-

blocked for 30 min with 1.5% BSA. Membranes were incubated with anti- Phorylated substrates required activation of tyrosine kinases. As
phosphotyrosine Ab RC20 ffidl h atroom temperature. After extensive expected, there was very little increase in protein tyrosine phos-
washing, the blots were developed with an enhanced chemiluminescen(phorymtion in both CD72- and BCR-stimulated cells pretreated
kit (DuPont/NEN, Boston, MA) according to the manufacturer's instruc- v, genistein (Fig. B). These results indicate that CD72 stimu-
tions. For Western blotting of the individual enzymes, blots were mcubate(%N . . .

with their respective Abs fol h atroom temperature followed by horse- |ation resulted in the appearance of several tyrosine-phosphory-
radish peroxidase-conjugated anti-rabbit secondary Ab (Santa Cruz Bidated proteins due to PTK activation similar to BCR-stimulated
tech, Santa Cruz, CA). The proteins were visualized as described abovegells.

B cell stimulation and Western blotting

In vitro kinase assay Signaling through CD72 induces tyrosine phosphorylation of

S ) . . ) ) PTKs lyn and blk, but not syk
B cells (1 X 10°) were stimulated for indicated time points, and immuno-
precipitates from lysates were prepared as above. Protein A beads weta B lymphocytes, two src-kinases, lyn and blk, were activated
incubated in 50Qul of kinase buffer (20 mM HEPES, pH 7.5, 10 mM  within seconds of BCR engagement (31), which is usually accom-
MnCl,, 5 mM DDT, 1 mM NaVO,, and 1 mM PMSF) with 5uCi anied by an increase in the tyrosine phosphorylation status of

[y-32P]ATP for 30 min at 30°C. Reactions were stopped by adding kinas . . . ) . .
buffer containing 5 mM EDTA (stop buffer). Beads were extensively TKs. Hence it was interesting to identify candidate PTKs that are

washed with stop buffer and proteins were eluted as described above. Trctivated on CD72 stimulation. B cells were stimulated with anti-
proteins were resolved by SDS—PAGI_E and visualized by autoradiographyigM Ab or anti-CD72 Ab for different time periods, and the phos-
The autoradiograms were scanned with a UMAX flat-bed scanner (UMAX hotyrosine content of immunoprecipitates of these src-kinases

Data System, Taiwan, R.O.C.), and relative intensities expressed i P . .
arbritary units (OD) of bands were quantified using the National Institutes as analyzed. As shown in Figuré2stimulation through BCR

of Health image program. Radioactivity of bands for syk experiments werdOr 10 min resulted in increased tyrosine phosphorylation of lyn
quantified with a Molecular Dynamics (Sunnyvale, CA) computing densi- (sixfold). An increase in the tyrosine phosphorylation of lyn was
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FIGURE 1. A, Induction of tyrosine phosphorylation of cellular sub- g

strates in CD72-stimulated cells. Splenic B cells were left unstimulated
(unst) or stimulated with control Ab (CAb) or anti-IgM for 10 min, or FIGURE 2. CD72 stimulation induces tyrosine phosphorylation of Iyn
anti-CD72 for indicated time points. Cell lysates were analyzed by immu-anq ik, but not syk. Splenic B cells were stimulated for 10 min with CAb
noblotting with anti-phosphotyrosine Ab. Arrows indicate newly induced g, anti-IgM, or anti-CD72 for indicated time points. Ly, blk (B), or

tyrosine phosphorylated proteins. Representative results from one of eighf i () were immunoprecipitated from cell lysates as describeiate-
similar experiments are showB, Tyrosine phosphorylation induced in  igis and Methods Immunoprecipitates were probed with anti-
CD72- and BCR-stimulated cells is blocked by a PTK inhibitor, genistein. phosphotyrosine Ab (P-Tyr) or immunoblotted (IB) for the respective PTK
Splenic B cells were preincubated with medium (-) or 10@ genistein 5 account for equivalent loading of proteins. The relative intensities (ex-
(+) for 30 min at 37°C before stimulation with CAb, anti-IlgM, or anti- pressed in arbitrary OD units) of phosphorylated lyn (p53 and p56 iso-
CD72 Abs for 10 min. Lysates were analyzed with anti-phosphotyrosinerorms) or bik proteins were quantified using a National Institutes of Health
Ab. Results from one of two similar experiments are shown. image program. Representative data from one of three experiments are
shown.

seen as early as 1 min of CD72 ligation, which was two- to three-
fold over control after 30 to 45 min of stimulation. Immunoblot
(IB) analysis of samples probed with anti-lyn Ab accounted foranti-lgM or anti-CD72-stimulated cells, and the phosphoty-
equivalent loading of proteins. On the other hand, there was a@osine content of syk immunoprecipitates was analyzed. As ex-
modest but highly reproducible increase in the tyrosine phosphorpected, syk was inducibly tyrosine phosphorylated in BCR-li-
ylation of blk in both BCR- and CD72-stimulated cells (FidB)2 gated cells (Fig. €). On the other hand, there was no increase
Similar to lyn, maximal levels of tyrosine phosphorylation of blk in the tyrosine phosphorylation of syk in CD72-stimulated B
were seen at 30 min of CD72 ligation. This pattern was highlycells at any time point tested (FigC2. Immunoblot analysis of
reproducible in two other experiments. syk immunoprecipitates showed that the changes were not due
Syk has been identified as one of the downstream targets db differences in relative amounts of the protein loaded in each
src kinases (11). Hence we asked whether syk was tyrosin@ne. These data suggest that PTKs lyn and blk, but not syk,
phosphorylated on CD72 ligation. Lysates were prepared froomay be activated in CD72-ligated B cells.
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FIGURE 3. Increased autophosphorylation activities of lyn and blk in
CD72-stimulated cells. Splenic B cells were stimulated with CAb, anti- F|GURE 4. Lack of syk activation in CD72-ligated cells. Splenic B
IgM, or anti-CD72 for 10 min. Lyng) or blk (B) was immunoprecipitated  cells were stimulated with indicated stimulants for 10 min. Syk immuno-
and subjected to in vitro kinase assays. Duplicate samples were imm“”‘h‘recipitates from ¢ 107 (A) or 5 X 107 (B) equivalent cell lysates were
blotted (IB) with Abs to lyn or blk. Results from one of two independent sypjected to in vitro kinase assays or immunoblotted (IB) with anti-syk Ab.
experiments are shown. The radioactivity in the bands corresponding to syk were quantified by
phosphorimager analysis and were plotted as fold induct)n (

Kinase activities of PTKs lyn and blk, but not syk, are increased
in CD72-ligated B cells

The lack of tyrosine phosphorylation of syk may be due to a failureBtk IS activated in CD72-stimulated cells, and xid B cells are

by CD72 to stimulate an increase in kinase activities of the sr¢!Nrésponsive to CD72-induced proliferation

kinases although increased tyrosine phosphorylation of these erevious studies have indicated that the tec family kinase btk,
zymes was evident. To confirm that the increase in phosphotywhose function was defective in xid mice, was activated after src
rosine content of lyn and blk in CD72-stimulated cells in fact re- kinase(s) activation in cells triggered through the BCR (32-34).
flected an increase in their kinase activities, in vitro Furthermore, absence of wild-type btk function resulted in apo-
autophosphorylation assays on these enzymes were performegtosis of anti-lgM-activated splenic B cells (35), indicating its es-
Stimulation through either CD72 or BCR increased kinase activsential role in B cell activation. Btk was activated in xid B cells
ities of both lyn (Fig. &) and blk (Fig. 3). As expected, BCR following BCR engagement, suggesting that a single mutation in
ligation resulted in enhanced syk activity (FigA¥ in agreement  the pleckstrin homology (PH) domain of the enzyme does not alter
with the previously reported data on syk autophosphorylation acits catalytic activity (34). Since src kinases were activated upon
tivity in such kinase assays (11, 14, 31). However, there was n€D72 triggering, we tested the possible involvement of btk in
detectable change in syk activity in CD72-stimulated cells (Fig.CD72-stimulated B cells. We could not detect any reproducible
4A). Longer exposures of autoradiograms did not reveal any inincrease in the tyrosine phosphorylation status of btk on CD72 or
crease in syk activity in CD72-ligated B cells (data not shown). TOBCR ligation. Hence, in vitro kinase assays were performed on btk
be certain that the failure to detect syk activity upon CD72 ligationimmunoprecipitates prepared from B cell lysates from xid and
is not due to limitations in the sensitivity of detection, we per- non-xid control mice after stimulation through CD72 or BCR. Btk
formed kinase assays with immunoprecipitates from five timesactivity was measured at 1, 3, and 5 min of stimulation with anti-
more the number of cells (FigB} compared with that used in the CD72 or anti-IgM Ab. Maximal kinase activity was demonstrated
experiment of Figure A. Phosphorimager analysis of the gel fur- after 3 min of stimulation for both CD72- and BCR-ligated cells.
ther confirmed the inability of CD72 to stimulate syk activity. Un- As shown in Figures A (non-xid) and B (xid), btk activity was

der the same conditions, BCR ligation induced a 2.8-fold increaseletectable in unstimulated cells, which was elevated in both CD72-
in syk activity (Fig. B). These data clearly indicate that the src and BCR-ligated B lymphocytes. Although the exaggerated in-
family kinases lyn and blk, but not the non-src kinase syk, werecrease in btk activity at 3 min of CD72 stimulation in CBA/N mice
activated in CD72-stimulated cells, accounting for the first major(Fig. 5B) was not reproducible in other experiments, there was a
difference in the initial signaling pathways between CD72 consistent increase in btk activity in all experiments. Btk activity
and BCR. increased to comparable levels in both CBA/N and CBA/Ca B
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FIGURE 5. Activation of btk in xid and non-xid mice after ligation of
CD72. Splenic B cells were stimulated with indicated stimulants. Btk im- C 100000 -
munoprecipitates from non-xid\) and xid B) mice were subjected to in
vitro kinase assay or immunoblotted (IB) with anti-btk Ab. The intensities 90000 -
of kinase products were quantified using the National Institutes of Health s0000 | ® Anti-IgM + [L-4 |
image program and expressed as fold induction compared with the appro-
priate control C). Mean = SE values of results from three independent
experiments are shown. The differences between the control Ab and anti-
CD72 or anti-IgM treatment groups were significant witlp aalue of <
0.05 in both strains. However, the differences between CBA/Ca and
CBA/N mice for any of the the treatments were not statistically significant.

O Anti-IgM

70000 -

60000 4

50000 -

40000 -
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cells on BCR ligation (Fig. 8). Similarly, btk activity induced by 30000 -

CD72 was comparable in CBA/N and CBA/Ca B cells after 1 and 20000

3 min of stimulation (Fig. &). Btk activity returned to basal levels

by 5 min of BCR or CD72 stimulation (data not shown). ‘°°°°J‘ J

To further analyze the functional role of btk in CD72-induced B 0 F\:.,,,r, - ‘

cell proliferation, B cells from xid and non-xid mice were stimu- Unst  Anti-IgM Unst  Anti-IgM

lated in the presence of various concentrations of anti-CD72 Abs T CBaica T cBAN
with or without the growth-promoting cytokine IL-4. K10.6, an Ab o o )
that recognizes the CDY2llele (28) expressed by CBA/Ca and I_:IGURE 6. B cells from X|_d mice are de_fect|_ve in CD72 |n(_juced pro-
CBA/N mice, induced proliferation in wild-type but not xid B cells ||f9rat|pn. B cells from n(.m'x'd m'.ce'«) or xid mice (8) were §t|mu|ated .

Fio. 6. A andB). An allele-specific anti-CD72 Ab (10.1.D2) that with different concentrations of either K10.6 or 10.1.D2_ antl—CD72_ Ab in
(Fig. 6, ) . p ] ( ) . the presence or absence of 50 U/ml of IL-4. B cells stimulated with anti-
does not recognize the CD7allele in CBA/N and CBA/Ca mice IgM in the presence or absence of IL-4 were used to estimate their ability
was used as a control for these experiments. IL-4 had minimaly proliferate in response to BCR engagemed.

effects in enhancing CD72-induced B cell proliferation in CBA/Ca
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FIGURE 7. PLC+2 is tyrosine phosphorylated in CD72-stimulated
cells. PLC«2 was immunoprecipitated and immunoblotted with anti-
phosphotyrosine Ab (P-Tyr) or anti-PL§2 Ab (IB) from cells stimulated
with anti-CD72 or anti-lgM Ab. Data from one of three similar experi-
ments are shown.
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mice (Fig. &\). In xid mice, addition of IL-4 increased the level of
CD72-induced B cell proliferation to two- to threefold when com-
pared with cells stimulated with anti-CD72 alone (Fig)6How-
ever, the magnitude of response of xid B cells to CD72 plus IL-4
was only 20% of the response of CBA/Ca B lymphocytes. As
expected, xid B cells were unresponsive to anti-lgM-induced B
cell proliferation (Fig. €). IL-4 enhanced the anti-lgM response
almost sevenfold in xid mice as opposed to less than threefold in
CBA/Ca mice. However, the absolute magnitude of the xid re-
sponse to anti-IgM plus IL-4 was only 25% of the response of the
wild-type mice. These results clearly show that btk is activated by
CD72 ligation and that its intact PH domain-related function is ‘ ‘
essential for CD72-mediated B cell activation. oot o . . o 1000
FK 506 (ng/ml)

80 +

60

% control

w04

PLC+y2 is inducibly phosphorylated in CD72-stimulated cells

We have previ0u5|y shown that CD72-mediated B cell activationFIGURE 8. CD72-induced B cell proliferation is sensitive to CsA and

resulted in Pl hydrolysis (18, 24). Previous reports using the”K506. DBA/2 B cells were stimulated with 5Ag/ml of anti-IlgM or

chicken DT40 B cell lymphoma showed the importance of botham'_'CD72 (K10.6 or 10.1.D2) Abs in the presence of increasing concen-

syk and btk in tyrosine phosphorylation and activation of PyX- trations (.)f C.SA 8) or FK506 @)' Resu'.ts were expressed as percent of
. . . . proliferation induced by the stimulants in the absence of these inhibitors.

(13). Hence it was interesting to verify whether Ph2-was ty-

rosine phosphorylated in CD72-stimulated cells in which btk, but

not syk, was activated. As shown i” Figure 7, PyZwas induc-  igation resulted in the tyrosine phosphorylation of several proteins
ibly tyrosine phosphorylated to a similar extent in both CD72- andthrough a PTK-dependent pathway. Although the profile of most
BCR:-ligated cells. of the tyrosine-phosphorylated proteins is similar in CD72- and

CD72-mediated B cell proliferation is CsA and FK506 sensitive BCR-stimulated cells, there was an absence of induction of a 72-
kDa protein in the former. Our results are in contrast to those of

Since we previously showed that stimulation through CD72 re-grnswick et al., who did not observe any newly tyrosine-phos-
sulted in activation of phospholipase-and mobilization of  phorylated proteins in anti-CD72-stimulated B cells (37) but are in
[C_:a%*]i,_ we asked whether Gé-dependent activation events were 5qreement with the studies on human B cells stimulated via CD72
similar in CD72- and BCR-ligated cells. Two immunosuppressive(3g) The difference between the earlier studies and the present
agents CsA and FKS06 have been previously shown to blockysrk with murine CD72 may be due to the use of a more potent
Ca&"-dependent activation of the ser/thr phosphatase, calcineurinyqii-cD72 Ab (K10.6) to stimulate B cells as well as in the use of
which is required for the translocation of NF-AT to the nucleus 4 phosphotyrosine detection system that gives a lower background.

(36). B cells were cultured with anti-IgM or two different anti-  geyeral reports have suggested that tyrosine phosphorylation of
CD72 Abs (K10.6 and 10.1.D2) in the presence of various con-

" it Frotein substrates was mediated by the src-family PTKs. Activa-
centrations of CsA. There was a dose-dependent inhibition ofiqony of PTKs occur in a temporal fashion following BCR engage-

CD72-stimulated proliferation in the presence of CsA similar t0 antin a murine B cell lymphoma (31). Src family kinases lyn and
that of BCR-ligated cells (Fig.A). Similar results were obtained | were activated as early as 5 sec, followed by activation of btk
in experiments conducted in the presence of FKS06 (. Bhe 514 syk at 5 to 10 min after receptor ligation. Stimulation through
growth response of B cells to bacterial LPS was minimally inhib- cp72 caused a time-dependent increase in the phosphotyrosine
ited by both these agents. content of src kinases lyn and blk, but to a lesser extent when
. . compared with BCR-stimulated cells. The increase in phosphory-
Discussion lation closely correlated with the activation of these enzymes. The
In the present report we have investigated the signaling events th&gsser strength of activation may be due to the absence of a ca-
are activated after triggering through the CD72 receptor. CD7Xonical immunoreceptor-based activation motif in the cytoplasmic
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tail of CD72. However, the cytoplasmic domain of CD72 containslower extent in the btk-deficient DT40 cell line, suggesting that syk
three tyrosine residues that could be potential phosphorylatioran still phosphorylate PLG@2 in the absence of btk involvement
sites (39). We could not detect any evidence of tyrosine phosphor14). In contrast to these findings, normal levels of inducible phos-
ylation of CD72, based on a detailed kinetic analysis of anti-CD72 phorylation of PLCy2 were observed in CD72-stimulated cells, in
anti-IgM, or pervanadate-treated cells (C. Venkataraman and Spite of lack of syk activation. The discrepancy in these results
Bondada, unpublished observations). Also under these detergentay be due to three possible reasons: 1) There may be fundamen-
conditions, we could not find any CD72-associated kinase activitytal species differences in the requirement of syk for PLC activation
(data not shown). It is also possible that CD72 physically associin murine and chicken B cells. 2) There may also be differences
ates with another protein that may recruit and activate varioudased on the stage of B cell development (immature vs mature);
PTKs. Use of a milder detergent to maintain protein-protein inter-i.e., the chicken DT40 cell line is an immature B cell lymphoma
actions may help resolve this issue. Using 1% Brij-96 lysis con-whereas our study used normal mature splenic B cells. 3) Since btk
ditions, we could not demonstrate coimmunoprecipitation of Ig has been shown to activate Py2-(14), it might replace the need
with CD72. However, under these treatments, the physical assder syk in CD72-signaling pathway.
ciation between membrane IgM andelgemained intact (Venka- To our knowledge, this is the first demonstration of syk-inde-
taraman et al., manuscript under preparation). Several downstreapendent tyrosine phosphorylation of Ply@2-in mature B lympho-
substrates of lyn have been identified, which include syk (11), HSkytes. The absence of syk activation with normal PI hydrolysis (18,
(40, 41), and the CD19/CD21 complex (42, 43). Syk was neither24), calcium mobilization (18, 19), and cell proliferation (16-18)
inducibly tyrosine phosphorylated nor activated in CD72-stimu-in CD72-stimulated B cells has at least two major implications.
lated B cells. This is in contrast to other surface molecules on Brirst, this may explain the existence of “cross-talk” between cAMP
cells (e.g., BCR, CD40, and CD38) that activate syk on receptoand PI pathways in BCR-, but not CD72-, mediated signaling (18,
ligation (3, 5, 31). 25). Thus, in neutrophils, the basis of “cross-talk” between the two
Several receptors on B cells, including the BCR, IL-5R, andpathways lies in the inhibition of syk activity by cAMP-elevating
CD38, involve activation of btk (6). B cells from xid mice do not agents (47). Furthermore, the inhibition of syk is associated with
respond to signaling through these receptors, indicating the impoiserine phosphorylation, supporting the involvement of cAMP-de-
tant role of btk in various signal transduction pathways. Addition-pendent PKA (47). Whether such a mechanism can account for
ally, btk has been shown to be essential for tyrosine phosphoryla&cAMP-mediated inhibition of BCR signaling is currently being
tion of PLC«2 in a chicken B cell lymphoma (14). We have tested. Second, hyper-cross-linking of surface Igon mature B cells
identified btk as an important PTK in CD72-mediated signal transinduces apoptosis (48), which can be rescued by the simultaneous
duction. Btk was activated in both xid and non-xid mice after addition of antibodies to CD40 (49) or CD72 (26) to B cell cul-
CD72 or BCR ligation. There are very few reports on the activa-tures. This led to a model suggesting the need for a second co-
tion of btk in normal B cells in response to BCR stimulation. stimulatory signal to prevent BCR-mediated death (26). Although
Studies using the murine immature B cell line WEHI-231 (31), the exact regulatory mechanisms that rescue these cells are un-
human tonsillar B cells, and Daudi B cells (44) showed a four- toknown, syk-independent activation of the PL@-pathway and
fivefold increase in btk kinase activity that remained elevated untilsubsequent signaling cascade by CD72 stimulation may have a
10 min of stimulation. However the extent of btk activation seen inrole in rescue from apoptosis and induction of growth in B cells.
our studies in response to CD72 or BCR ligation is similar to that Calcium-dependent activation events were required for BCR-
reported in the chicken DT40 cell line (14) stimulated with anti- induced proliferation that could be specifically blocked by immu-
IgM. To our knowledge, this is the first demonstration of an in- nosuppressive agents CsA and FK506 (50, 51). Previously we
crease in btk activity in response to BCR or CD72 signaling inshowed that CD72 engagement caused increased elevation of
normal mature splenic B cells. [Ca%"]; (18, 19). Consistent with this finding, both CsA and
The importance of btk in CD72 signaling is underscored by theFK506 effectively inhibited CD72-induced B cell proliferation, in-
findings that B lymphocytes from xid mice do not proliferate in dicating an important role for Ga-regulated activation pathways
response to CD72 signaling. This is similar to our earlier report,for CD72 signaling similar to that observed for BCR-stimulated
which showed that xid mice heterozygous for CB&Xpression  cells.
did not respond to stimulation with CD7-8pecific mAb (10.1.D2) In summary, our previous studies and this report have shown
(17). This is not due to expression of reduced levels of CD72 orthat CD72 stimulation results in differential activation of signaling
xid B cells since B lymphocytes from both xid and non-xid mice events when compared with BCR-stimulated cells. Similar to anti-
express similar levels of CD72 as determined by flow cytometrylgM-stimulated cells, CD72 induces activation of PTKs lyn, blk,
(data not shown). These results suggest that, similar to other reand btk, activation of phospholipasef18, 24), calcium mobili-
ceptors, interactions mediated through the PH domain of btk wergation (18, 19), and Ca-dependent signaling events required for
essential for complete signal transduction through the CD72 regrowth responses of B lymphocytes. Unlike BCR stimulation,
ceptor. Our preliminary data and an earlier report (45) demonstrat€D72 ligation induced tyrosine phosphorylation of Ph24n the
normal levels of inducible protein tyrosine phosphorylation in xid apparent absence of syk activation.
B cells in response to BCR ligation. Moreover, levels of PLZ-
tyrosine phosphorylation and calcium mobilization in response toAcknowledgments
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