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A

 

BSTRACT

Background:

 

We previously reported that cross-
linking of IgG Fc receptor II (Fc

 

γ

 

RII) induces intra-
cellular calcium mobilization, but not histamine release
in human basophils. To clarify functional activities of
Fc

 

γ

 

RII on human basophils, we analyzed the Fc

 

γ

 

RII-
mediated signaling events in the human basophilic
leukemia cell line KU812F.

 

Methods:

 

Flow cytometric methods were used to
investigate the effect on intracellular calcium mobiliza-
tion of cross-linking of Fc

 

γ

 

RII. KU812F cells were pre-
incubated with anti-Fc

 

γ

 

RII monoclonal antibody (IV.3).
After the addition of various concentrations of the tyro-
sine kinase inhibitor genistein or buffer alone, cells
were stimulated with goat antimouse IgG F(ab

 

′

 

)

 

2

 

(GAM) and analyzed with the flow cytometer. Next, in
order to test the signaling events after cross-linking of
Fc

 

γ

 

RII, we examined tyrosine kinase activity. The time-
course of tyrosine phosphorylation after cross-linking
of Fc

 

γ

 

RII and the effect of genistein on this tyrosine
phosphorylation were tested by immunoblotting.
Immunoprecipitation was also performed to identify
the type of tyrosine kinase associated with signal trans-
duction of Fc

 

γ

 

RII.

 

Results:

 

The tyrosine kinase inhibitor genistein inhibited
intracellular calcium mobilization caused by cross-linking

of Fc

 

γ

 

RII in a dose-dependent manner. Rapid tyrosine
phosphorylation after Fc

 

γ

 

RII cross-linking was shown
by immunoblot analysis and this phosphorylation was
inhibited by genistein. Furthermore, tyrosine phos-
phorylation of Lyn and Syk was observed upon cross-
linking of Fc

 

γ

 

RII.

 

Conclusions:

 

Tyrosine phosphorylation is necessary
for the signaling pathway through Fc

 

γ

 

RII and tyrosine
phosphorylation of Lyn and Syk, at least, is actively
involved in this signal transduction.
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I

 

NTRODUCTION

 

Human basophils are known to play an important role in
allergic diseases, such as bronchial asthma and allergic
rhinitis. Cross-linking of high-affinity IgE Fc receptor
(Fc

 

ε

 

RI) on basophils evokes histamine release and syn-
thesis of cysteinyl leukotrienes.

 

1

 

 The IgG Fc receptors
(Fc

 

γ

 

R) are broadly expressed on hematopoietic cells and
are classified into three major classes: I, II and III.

 

2–4

 

 We
have reported previously that a low-affinity receptor,
namely Fc

 

γ

 

RII, is expressed on human basophils and
cross-linking of Fc

 

γ

 

RII induces intracellular calcium
mobilization.

 

5,6

 

To clarify the functional activities of Fc

 

γ

 

RII on human
basophils, we examined Fc

 

γ

 

RII-mediated signaling events
using the human basophilic leukemia cell line KU812F.
The KU812F cell line is a human immature basophilic
cell line that has been used in studies of basophil
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biology.

 

7–10

 

 Because tyrosine phosphorylation is one of
the earliest biological events observed following cross-
linking of Fc

 

γ

 

RII, we examined tyrosine phosphorylation
following Fc

 

γ

 

RII stimulation to study the effect of Fc

 

γ

 

RII on
human basophils. It is most likely that the Src family or the
Syk family tyrosine kinases may be involved in Fc

 

γ

 

RII-
mediated signaling.

 

11

 

 These tyrosine kinases have been
shown to associate physically with transmembrane recep-
tors and play a role in the transduction of signals by a
member of the immunologically functional membrane
receptors.

 

12,13

 

 Here, we demonstrate that Fc

 

γ

 

RII-
mediated signal transduction in KU812F cells requires
involvement of tyrosine kinases, especially Lyn and Syk, in
an initiating phase.

 

M

 

ETHODS

 

Cell preparations and cultures

 

Cells from the human basophilic leukemia cell line
KU812F were obtained from RIKEN Cell Bank (Tsukuba,
Japan) and maintained in RPMI 1640 medium supple-
mented with 10% fetal calf serum (FCS).

 

Intracellular calcium measurements

 

Intracellular calcium measurements were performed
according to the method described previously.

 

6

 

 Briefly,
KU812F cells were resuspended in Hanks’ balanced salt
solution (HBSS), without calcium and magnesium, con-
taining 0.01 mol/L EDTA (Sigma, St Louis, MO, USA)
and 0.1% bovine serum albumin (BSA; Sigma). These
cells (1 

 

×

 

 10

 

6

 

 /mL) were treated with the F(ab

 

′

 

)

 

2

 

 of anti-
Fc

 

γ

 

RII monoclonal antibody (IV.3; 10 

 

µ

 

g/mL; Medarex,
Princeton, NJ, USA) for 30 min at 4

 

°

 

C, washed twice
and loaded with 2 

 

µ

 

mol/L fluo-3/AM (Dojindo,
Kumamoto, Japan) at room temperature for 40 min.
Cells were washed twice and incubated with HBSS
containing calcium and magnesium in the absence or
presence of the tyrosine kinase inhibitor genistein
(Sigma) for 30 min at 37

 

°

 

C. Then, cells were stimulated
with 20 

 

µ

 

g/mL goat antimouse IgG F(ab

 

′

 

)

 

2

 

 (GAM;
Biosource International Tago, Camarillo, CA, USA) and
analyzed with a FACSCalibur flow cytometer (Beckton
Dickinson Immunocytometry Systems, San Jose, CA,
USA) using CELLQuest software (Beckton Dickinson
Immunocytometry Systems). Fluorescence was monitored
through a 525 nm band pass filter using a linear scale.
At each time point, 5000 cells were analyzed with

appropriate forward and side scatter gating and mean
fluorescence intensity was calculated.

 

Immunoblotting

 

The KU812F cells were adjusted to 1 

 

×

 

 10

 

7

 

 /mL and
preincubated in the presence of IV.3 (10 

 

µ

 

g/mL) for
30 min at 4

 

°

 

C. Cells were stimulated with GAM
(20 

 

µ

 

g/mL) for 1, 3, 5 and 10 min at 37

 

°

 

C. Then, cells
were lysed in sample buffer (50 mmol/L Tris, pH 6.8,
500 mmol/L dithiothreitol (DTT), 10% sodium dodecyl
sulfate (SDS), 5% bromophenol blue (BPB), 0.5 mol/L
EDTA, 10% glycerol). Lysates were denatured by boiling
and subjected to sodium dodecyl sulfate–polyacrylamide
gel electrophoresis (SDS-PAGE). Proteins were transferred
to nitrocellulose membrane (Schleicher and Schuell,
Dassel, Germany) and immunoblotted with anti-phospho-
tyrosine monoclonal antibody (4G10; Upstate Biotech-
nology, Lake Placid, NY, USA). The phosphotyrosine was
detected by horseradish peroxidase-conjugated protein A
and an enhanced chemilluminescence detection system
(Amersham Biosciences, Buckinghamshire, UK).

To study the effect of genistein on tyrosine phosphory-
lation induced by Fc

 

γ

 

RII cross-linking, KU812F cells
(1 

 

×

 

 10

 

7

 

 /mL) were treated with IV.3 (10 

 

µ

 

g/mL) for
30 min at 4

 

°

 

C and incubated with HBSS containing
calcium and magnesium in the absence or presence of
genistein (50–200 

 

µ

 

mol/L) for 30 min at room tempera-
ture. Cells (1 

 

×

 

 10

 

7

 

 /mL) were then stimulated with GAM
(20 

 

µ

 

g/mL) for 3 min at 37

 

°

 

C and lysed in sample buffer.
Lysates were boiled, subjected to SDS-PAGE and trans-
ferred to a nitrocellulose membrane. The phosphotyro-
sine was immunoblotted with 4G10 and detected as
described above.

 

Immunoprecipitation

 

The KU812F cells were preincubated with IV.3
(10 

 

µ

 

g/mL) for 30 min at 4

 

°

 

C and stimulated with GAM
(20 

 

µ

 

g/mL) for 3 min at 37

 

°

 

C. Cells were lysed at
1 

 

×

 

 10

 

7

 

 /mL in 1% Nonidet P (NP)-40 (1% NP-40,
10 mmol/L Tris·HCl, pH 8.0, 150 mmol/L NaCl,
0.5 mmol/L EDTA, 10 mmol/L NaF, 1 mmol/L phenyl-
methylsulphonyl fluoride) for 30 min on ice. The lysates
were centrifuged and cleared with protein A Agarose
(Pierce, Rockford, IL, USA). Aliquots of the cleared
lysates were incubated with anti-Lyn (Upstate Biotech-
nology), anti-Syk (Upstate Biotechnology) and anti-
phospholipase C-

 

γ

 

1 (PLC-

 

γ

 

1) (Upstate Biotechnology)
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γ
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antisera. Then, immune complexes were precipitated
with protein A Agarose. The immunoprecipitates were
washed five times with lysis buffer containing inhibitor
(1% NP-40 containing 10 mg/mL each aprotinin,
leupeptin and chymostatin) and suspended in sample
buffer. Samples were denatured by boiling, separated
on a 6% SDS-PAGE gel, transferred to nitrocellulose,
immunoblotted with 4G10 and detected as described
for immunoblotting. After being deprobed, each mem-
brane was reprobed with anti-Lyn, anti-Syk and anti-
PLC-

 

γ

 

1 antisera to clarify that each line included even
immunoprecipitates.

 

R

 

ESULTS

 

Effect of genistein on intracellular calcium 
mobilization induced by Fc

 

γ

 

RII cross-linking

 

Treatment of KU812F cells with a specific antibody to
Fc

 

γ

 

RII (IV.3) alone caused no mobilization of intra-
cellular calcium (data not shown). However, cross-
linking of Fc

 

γ

 

RII with F(ab

 

′

 

)

 

2

 

 of goat antimouse IgG
(GAM) induced a rapid mobilization of intracellular
calcium (Fig. 1). The tyrosine kinase inhibitor genistein
inhibited FcγRII-mediated intracellular calcium mobil-
ization in a dose-dependent manner. The increase in

Fig. 1 Inhibitory effect of genistein (�, none; �, 50 µmol/L;
�, 100 µmol/L; �, 200 µmol/L) on intracellular calcium
mobilization induced by FcγRII cross-linking. KU812F cells were
treated with anti-FcγRII monoclonal antibody (IV.3) and were
preincubated in the absence or presence of genistein at different
concentrations. Cells were then stimulated with goat antimouse
IgG F(ab′)2 (GAM; 20 µg/mL). Data are representative of seven
independent experiments.

Fig. 2 Kinetics of tyrosine phosphorylation after stimulation
with goat antimouse IgG F(ab′)2 (GAM). The KU812F cells
(1 × 107 /mL per lane) were incubated with anti-FcγRII, IV.3
(10 µg/mL) and stimulated with GAM (20 µg/mL) for the
periods indicated. Tyrosine phosphorylation was determined by
immunoblotting as descrived in Methods. Anti-phosphotyrosine
monoclonal antibody (4G10) was used as a probe. Arrows
indicate the position of 53, 56 and 72 kDa, respectively. Data
are representative of five independent experiments.

Fig. 3 Inhibitory effect of genistein on tyrosine phosphoryla-
tion induced by FcγRII cross-linking. KU812F cells (1 × 107 /mL)
were treated with IV.3 (10 µg/mL) and incubated in the absence
or presence of genistein (50–200 µmol/L). Cells were then stim-
ulated with goat antimouse IgG F(ab′)2 (GAM; 20 µg/mL) for
3 min. Tyrosine phosphorylation was determined by immuno-
blotting as described in Methods. Arrows indicate the position
of 53, 56 and 72 kDa, respectively. Data are representative of
five independent experiments.
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intracellular calcium after cross-linking of FcγRII was
completely blocked by 200 µmol/L genistein.

Tyrosine phosphorylation induced by FcγRII 
cross-linking in KU812F cells

Although much is known about the functional aspects of
Fc receptors (FcR), signaling events occurring after FcR
cross-linking are not well understood. The above results
suggest the involvement of tyrosine kinase in the signal-
ing events induced by FcγRII cross-linking. We investi-
gated the tyrosine phosphorylation of cellular proteins
following FcγRII stimulation. When we added GAM to
cross-link FcγRII, tyrosine phosphorylation occurred
within 1 min (Fig. 2). Phosphorylated proteins in the 53,
56 and 72 kDa ranges were detected. This phosphory-
lation lasted 3 min and declined after 5 min. Treatment
with IV.3 alone was unable to stimulate tyrosine phos-
phorylation (data not shown).

Effect of genistein on tyrosine phosphorylation 
induced by FcγRII cross-linking

We examined the effect of genistein on tyrosine phos-
phorylation that was induced by FcγRII cross-linking.
Genistein inhibited the phosphorylation of multiple pro-
teins, including 53, 56 and 72 kDa proteins, in a dose-
dependent manner (Fig. 3).

Tyrosine kinases associated with the signal 
pathway activated by FcγRII cross-linking in 
KU812F cells

Recent studies have demonstrated that multiple sub-
strates, including Src and Syk family tyrosine kinases, are
involved in the signal transduction mediated by many
FcR.11,14 We investigated whether Lyn (53, 56 kDa) and
Syk (72 kDa), which belong to the Src and Syk families,
respectively, are activated by FcγRII cross-linking. Tyro-
sine phosphorylation of each substrate was detected
only when it was activated by FcγRII cross-linking
(Fig. 4a). Because tyrosine phosphorylation of PLC-γ1
caused the release of intracellular Ca2+ stores,15 we also
examined whether PLC-γ1 was activated. Immuno-
blotting using 4G10 clearly showed the tyrosine phos-
phorylation of PLC-γ1 induced by FcγRII cross-linking
(Fig. 4b).

DISCUSSION

We have reported previously that both KU812F cells and
human peripheral blood basophils induce intracellular
signaling events, such as calcium mobilization, following
FcγRII cross-linking.6 The data presented here clearly
show that tyrosine phosphorylation is necessary for the
signaling pathway via FcγRII and tyrosine phosphory-
lation of Lyn, Syk and PLC-γ1, at least, is actively
involved in this signal transduction.

Fig. 4 Tyrosine kinases and phospholipase C-γ1 (PLC-γ1) associated with signal pathway activated by FcγRII cross-linking. (a) Tyro-
sine kinases (Lyn, Syk) and (b) PLC-γ1 were immunoprecipitated from activated KU812F cells using anti-Lyn, anti-Syk and anti-
PLC-γ1 antisera, respectively. After sodium dodecyl sulfate–polyacrylamide gel electrophoresis and electrotransfer, precipitates were
immunoblotted with anti-phosphotyrosine (4G10). To verify equal loading, blots were also reprobed with antibodies against the pro-
teins themselves. The positions of Lyn (53 and 56 kDa), Syk (72 kDa) and PLC-γ1 (135 kDa) are indicated. Data are representative
of three independent experiments. IP, immunoprecipitation; GAM, goat antimouse IgG F(ab′)2.

Lyn (53 and 56 kDa), Syk (72 kDa) and PLC-γ1 (135 kDa) are indicated. Data are representative of three independent experi-
ments. IP, immunoprecipitation; GAM, goat antimouse IgG F(ab′)2.

Fig. 4 Tyrosine kinases and phos-
pholipase C-γ1 (PLC-γ1) associated
with signal pathway activated by FcγRII
cross-linking. (a) Tyrosine kinases (Lyn,
Syk) and (b) PLC-γ1 were immuno-
precipitated from activated KU812F
cells using anti-Lyn, anti-Syk and anti-
PLC-γ1 antisera, respectively. After
sodium dodecyl sulfate–polyacrylamide
gel electrophoresis and electrotrans-
fer, precipitates were immunoblotted
with anti-phosphotyrosine (4G10). To
verify equal loading, blots were also
reprobed with antibodies against the
proteins themselves. The positions of
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Engagement of FcR on hematopoietic cells results in
the transduction of a signal leading to activation of tyro-
sine kinases, elevation of intracellular calcium levels,
release of inflammatory mediators and transcription of
cytokine genes.4,16–18 It is agreed that human FcγR can be
divided into three major classes (I, II and III) on the basis
of differences in their structures and affinities for IgG.
Furthermore, FcγRII can be divided into three subclasses:
A, B and C.19 Recent studies have shown that the intra-
cellular domain of FcγRII contains a conserved amino
acid motif; type IIA and IIC contain the immunoreceptor
tyrosine-based activation motif (ITAM)4,16,20 and type IIB
contains the immunoreceptor tyrosine-based inhibition
motif (ITIM) or the AENTITY motif.21 More recently, it has
been reported that cross-linking of FcγRII downregulates
the signal of FcεRI on mouse B cells.22 Moreover, many
reports have indicated that FcγRIIB may play an important
role in immune regulation.23 To examine whether tyrosine
phosphorylation is necessary for elevation of intracellular
calcium levels induced by cross-linking of FcγRII, calcium
mobilization was examined in the presence of genistein.
Genistein24 is a derivative of isoflavones and a tyrosine
kinase inhibitor. Genistein inhibited the elevation of intra-
cellular calcium levels induced by cross-linking of FcγRII
in a dose-dependent manner. To confirm tyrosine phos-
phorylation following FcγRII stimulation, we next per-
formed immunoblot analysis using antiphosphotyrosine
monoclonal antibody (4G10) as a probe. Rapid tyrosine
phosphorylation was observed and this phosphorylation
was inhibited by genistein. These data suggest that the
involvement of tyrosine kinases is required to initiate
FcγRII-mediated signal transduction in human basophils.

Lyn is a Src family tyrosine kinase containing Src
homology (SH) 1–3 domains and Syk is a Syk family tyro-
sine kinase containing two SH2 domains.25 These SH2
domains, present in tyrosine kinases and many other
molecules, bind to specific phosphorylated tyrosine resi-
dues in the assembly of signaling complexes.25,26 In
different cell systems, FcγRIIA and FcεRI activate common
sets of tyrosine kinases, such as Lyn and Syk through
ITAM.12–14,26–29 Syk SH2 preferentially interacts with
the γ-subunits, whereas Lyn SH2 binds the β-subunit
of FcεRI.26 We have demonstrated that cross-linking of
FcγRII induces activation of Lyn, Syk and PLC-γ1 in
KU812F cells. Phospholipase C-γ1 is known to be a sub-
strate for Syk30 and one of the several PLC isoforms that
convert phosphatidyl inositol 4,5-bisphosphate to diacyl-
glycerol and inositol trisphosphate, leading to the activa-
tion of protein kinase C and the release of intracellular

Ca2+ stores, respectively.15 Thus, FcγRII stimulation may
activate KU812F cells to induce production and/or
release of inflammatory mediators. However, cross-
linking of FcγRII on KU812F cells that express FcγRIIA
mRNA as well as FcγRIIB mRNA could not provoke
histamine release, as reported previously.6 Moreover,
cross-linking of FcγRII on KU812F cells failed to induce
superoxide anion production (data not shown).

In summary, our study has shown that FcγRII-mediated
signal transduction in KU812F cells requires involvement
of tyrosine kinases, especially Lyn and Syk, in an initiating
phase. These findings may be useful for further analyses
of FcγRII-mediated signal transduction and functions in
human basophils.

REFERENCES

1 Grant JA, Li H. Biology of Basophils. In: Middleton Jr E,
Reed CE, Ellis EF, Adkinson Jr NF, Yunginger JW,
Busse WW (eds). Allergy: Principles and Practice, 5th edn.
St Louis: Mosby, 1998; 277–84.

2 Ravetch JV, Bolland S. IgG Fc receptors. Annu. Rev.
Immunol. 2001; 1: 275–90.

3 Huizinga TW, von Roos D, dem Borne AE. Neutrophil
Fc-γ receptors: A two-way bridge in the immune system.
Blood 1990; 75: 1211–14.

4 Ravetch JV. Fc receptors: Rubor redux. Cell 1994; 78:
553–60.

5 Takahashi K, Takata M, Suwaki T et al. New flow cyto-
metric method for surface phenotyping basophils from
peripheral blood. J. Immunol. Methods 1993; 162:
17–21.

6 Kawata N, Takata M, Suwaki T et al. Signal transduction
by IgG receptors induces calcium mobilization, but not
histamine release, in the human basophilic cell line
KU812F. Int. Arch. Allergy Immunol. 1996; 109: 27–34.

7 Kishi K. New leukemia cell line with Philadelphia chromo-
some characterized as basophil precursors. Leuk. Res.
1985; 9: 381–90.

8 Kochan J, Pettine LF, Hakimi J, Kishi K, Kinet JP. Isolation
of the gene coding for the alpha subunit of the human
high affinity IgE receptor. Nucleic Acids Res. 1988; 16:
3584–94.

9 Valent P, Besemer J, Kishi K et al. IL-3 promotes
basophilic differentiation of KU812 cells through high
affinity binding sites. J. Immunol. 1990; 145: 1885–9.

10 Hara T, Yamada K, Tachibana H. Basophilic differentia-
tion of the human leukemia cell line KU812 upon treat-
ment with interleukin-4. Biochem. Biophys. Res. Commun.
1998; 247: 542–8.

11 Yagi S, Suzuki K, Hasegawa A, Okumura K, Ra C.
Cloning of the cDNA for the deleted syk kinase homo-
logous to ZAP-70 from human basophilic cell line
(KU812F). Biochem. Biophys. Res. Commun. 1994; 200:
28–34.



154 M FUJII ET AL.

12 Hamada F, Aoki M, Akiyama T, Toyoshima K. Association
of immunoglobulin G Fc receptor II with src-like protein-
tyrosine kinase fgr in neutrophils. Proc. Natl Acad. Sci.
USA 1993; 90: 6305–9.

13 Ghazizadeh S, Bolen JB, Fleit HB. Physical and functional
association of src-related protein tyrosine kinases with
FcγRII in monocytic THP-1 cells. J. Biol. Chem. 1994;
269: 8878–84.

14 Goldstein B, Faeder J, Hlavacek W, Bilvov M,
Redondo A, Wofsy C. Modeling the early signaling events
mediated by Fc varepsilon RI. Mol. Immunol. 2002; 38:
16–18.

15 Shen Z, Lin CT, Unkeless JC. Correlations among tyrosine
phosphorylation of Shc, p72syk, PLC-γ1, and [Ca2+]i flux
in FcγRIIA signaling. J. Immunol. 1994; 152: 3017–23.

16 Beaven MA, Metzger H. Signal transduction by Fc recep-
tors: The FcεRI case. Immunol. Today 1993; 14: 222–6.

17 Knol EF, Verhoeven AJ, Roos D. Stimulus secretion
coupling in human basophilic granulocytes. Clin. Exp.
Allergy 1993; 12: 471–80.

18 Metzger H, Chen H, Goldstein B et al. Signal trans-
duction by FcεRI. Analysis of the early molecular events.
Allergol. Int. 1999; 48: 161–9.

19 Brooks DG, Qiu WQ, Luster AD, Ravetch JV. Structure
and expression of human IgG FcγRII (CD32). Functional
heterology is encoded by the alternatively spliced
products of multiple genes. J. Exp. Med. 1989; 170:
1369–85.

20 Samelson LE, Klausner RD. Tyrosine kinases and tyrosine-
based activation motifs. J. Biol. Chem. 1992; 267: 24
913–16.

21 Muta T, Kurosaki T, Misulovin Z, Sanchez M,
Nussenzweig MC, Ravetch JV. A 13-amino acid motif in
the cytoplasmic domain of FcγRIIB modulates B-cell
receptor signaling. Nature 1994; 368: 70–3.

22 Takai T, Ono M, Hikida M, Ohmori H, Ravetch JV.
Augmented humoral and anaphylactic responses in Fc
gamma RII-deficient mice. Nature 1996; 379: 346–9.

23 Takai T. Roles of Fc receptors in autoimmunity. Nat. Rev.
Immunol. 2002; 2: 580–92.

24 Akiyama T, Ishida J, Nakagawa S et al. Genistein, a
specific inhibitor of tyrosine-specific protein kinases.
J. Biol. Chem. 1987; 262: 5592–5.

25 Koch CA, Anderson D, Moran MF, Ellis C, Pawson T. SH2
and SH3 domains: Elements that control interactions of
cytoplasmic signaling proteins. Science 1991; 252:
668–74.

26 Kihara H, Siraganian RP. Src homology 2 domains of syk
and lyn bind to tyrosine-phosphorylated subunits of the
high affinity IgE receptor. J. Biol. Chem. 1994; 269: 22
427–32.

27 Kiener PA, Rankin BM, Burkhardt AL et al. Cross-linking
of Fcγ receptor I (FcγRI) and receptor II (FcγRII) on mono-
cytic cells activates a signal transduction pathway
common to both Fc receptors that involves the stimulation
of p72 syk protein tyrosine kinase. J. Biol. Chem. 1993;
268: 24 442–8.

28 Jouvin MH, Adamczewski M, Numerof R, Letourneur O,
Valle A, Kinet JP. Differential control of the tyrosine
kinases Lyn and Syk by the two signaling chains of the
high affinity immunoglobulin E receptor. J. Biol. Chem.
1994; 269: 5918–25.

29 Zoller KE, MacNeil IA, Brugge JS. Protein tyrosine kinase
Syk and ZAP-70 display distinct requirements for Src
family kinases in immune response receptor signal trans-
duction. J. Immunol. 1997; 158: 1650–9.

30 Law CL, Chandran KA, Sidrenko SP, Clark EA. Phosphol-
ipase C-γ1 interacts with conserved phosphotyrosyl resi-
dues in the linker region of Syk and is a substrate for Syk.
Mol. Cell. Biol. 1996; 16: 1305–15.


