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SUMMARY

Stimulation of the signal transduction cascade in T cells through the T-cell receptor (CD3) coincides
with activation of the phosphatidylinositol-phospholipase C (PI-PLC) pathway. Enzymatic
activation of phospholipase C-gamma I (PLC,, ) occurs through tyrosine phosphorylation in T cells
following surface ligation of CD3 receptors with CD3-specific monoclonal antibodies (mAb). Here
we show that cross-linking of CD4 molecules with CD3 augments the tyrosine phosphorylation of
PLCy 1, while co-ligation of CD3 with CD45 (a receptor tyrosine phosphatase) results in reduced
PLCy I tyrosine phosphorylation. Mobilization of intracellular calcium correlated with the extent of
PLCyl tyrosine phosphorylation, indicating that PLCyI enzymatic activity in T cells may be
regulated by its phosphorylation state. The time-course of PLCyI tyrosine phosphorylation in cells
stimulated by soluble anti-CD3 was transient and closely paralleled that of calcium mobilization,
while the kinetics in cells stimulated by immobilized anti-CD3 were prolonged. The PI-PLC pathway
in T cells was not stimulated by tyrosine phosphorylation of PLC/2, a homologue of PLCyI,
demonstrating the strict regulation of PLC)' isoform usage in CD3-stimulated T cells. A 35,000/
36,000 MW tyrosine phosphorylated protein in T cells formed stable complexes with PLCyI, and its
tyrosine phosphorylation was co-regulated with that of PLC-1 by CD4 and CD45 receptors.
Enzymatic activation and tyrosine phosphorylation of PLCy 1 occurs during growth factor
stimulation of fibroblasts, where PLC)'l exists in multi-component complexes. The observation that
PLC,'l exists in complexes with unique tyrosine phosphorylated proteins in T cells suggests that
haematopoietic lineage-specific proteins associated with PLC' 1 may play roles in cellular signalling.

INTRODUCTION

Activation of the phosphatidylinositol-phospholipase C (PI-
PLC) pathway in T lymphocytes occurs through stimulation of
the T-cell receptor (CD3), either by specific antigen presentation
or by cross-linking ofCD3 receptors with antibody. However,
the CD3-induced signal is modified by co-receptors such as CD2
and CD4 that can directly initiate P1-PLC activation when
separately cross-linked,2 suggesting that T-cell co-receptors
provide a complex regulatory system for CD3-induced acti-
vation. The production of the second messengers diacylglycerol
(DAG) and inositol 1,4,5-trisphosphate (IP3) from the break-
down of PIP2 by PLC results in the activation and translocation
of protein kinase C and an increase in cytoplasmic calcium.'"
These early events, if sustained, can trigger downstream cas-
cades that ultimately lead to interleukin-2 (IL-2) receptor I-
chain (CD25) expression, IL-2 synthesis, T-cell effector func-
tions and clonal expansion.2

Previous studies have shown that activation of the PI-PLC
signal transduction pathway in fibroblasts by epidermal growth

Correspondence: Dr S. B. Kanner, Bristol-Myers Squibb Pharma-
ceutical Research Institute, 3005 First Avenue, Seattle, WA 98121,
U.S.A.

factor (EGF) and platelet-derived growth factor (PDGF) results
in tyrosine phosphorylation ofPLC' 1, the 150,000MW isoform
of PLC.3 The tyrosine phosphorylated form of PLCy1 has
increased enzymatic activity4 and can bind to activated PDGF
receptors through the src homology 2 (SH2) domains.5 The
formation of an activated enzyme complex appears necessary
for progression through the signalling cascade.

In T cells stimulated through CD3, mobilization of intracel-
lular calcium follows an early but transient increase in tyrosine
phosphorylation of multiple cellular proteins.6 The tyrosine
kinase inhibitor herbimycin A reduces tyrosine phosphorylation
of protein substrates and inhibits the coincident calcium
release.7 Clearly, tyrosine phosphorylation of critical proteins
regulates downstream effects mediated by surface cross-linking
of CD3. In this report, we have investigated the role of tyrosine
phosphorylation of PLCy I in T-cell receptor-mediated PI-PLC
signalling through antibody stimulation. CD3-mediated tyro-
sine phosphorylation of PLCy 1 was augmented by co-aggrega-
tion of CD3 with CD4 (the receptor for class II molecules),
whereas cross-linking of the receptor tyrosine phosphatase
CD45 with CD3 diminished PLCy1 phosphorylation. In addi-
tion, tyrosine phosphorylated PLC-'I exists in stable complexes
with novel tyrosine-phosphorylated haematopoietic cell pro-
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teins that may function coordinately with PLC;'l as early
components of the T-cell signal transduction pathway. These
results indicate that PI-PLC signalling in T cells appears to
involve complex regulatory activities by both accessory surface
molecules and multiple intracellular phosphoproteins.

MATERIALS AND METHODS

MAonoclonal antibodies (mAb) and reagents

CD3 mAb (G19-4, IgGi), CD4 mAb (G17-2, IgGI), CD45
mAb (9 4, IgG2a) and PLC-' mAb were previously described.8
') Rabbit antiserum to PLC,'2 was kindly provided by G.
Carpenter (Vanderbilt University, Nashville, TN). Purification
of mAb was by protein A chromatography or by DEAE
chromatography and conjugated to biotin with biotin-succini-
mide (Sigma Chemical Co., St Louis, MO) as described
previously."' Avidin (Sigma) was used to cross-link biotin
conjugated mAb at a 5: 1 (wt/wt) ratio.

Cell culture annd receptor cross-linking
Human cell line CEM (CD3 + T-cell clone CEM .6) and RAMOS
(B-cell line) were maintained in RPMI-1640 supplemented with
10"% foetal calf serum (FCS) at 0 5-1 x 106 cells/ml. CD3, CD4
and/or CD45 receptors were cross-linked by incubating 107
CEM cells with 5 jig/ml biotinylated mAb for 5 min at 37,
followed by the addition of 5 jig avidin/pg mAb. Surface IgM
was cross-linked by incubating 107 RAMOS cells with 10 pg/ml
affinity-purified F(ab')2 goat anti-human j-chain (Jackson
ImmunoResearch, Bar Harbor, ME).

mean indo-1 violet/blue fluorescence ratio versus time. In
addition, the percentage of responding cells was analysed by
programs that first determined the value of the indo- I ratio that
was two standard deviations above the ratio for control cells
above the threshold value versus time. There are 100 data points
on the x-axis (time) on all flow cytometric analyses.

RESULTS

Tyrosine phosphorylation and expression of PLCyl in T cells

The tyrosine phosphorylation of PLC;'l in fibroblasts stimu-
lated with soluble growth factors has been reported previously.'
To determine whether PLC' I in the T-cell line CEM was
phosphorylated after surface ligation of the T-cell receptor
(CD3) with an anti-CD3 mAb, PLC;' I was immunoprecipitated
from cell lysates and immunoblotted with antibodies to phos-
photyrosine (anti-pTyr). In Fig. la, tyrosine phosphorylation of
PLC;'l in immune complexes was readily detected in CD3-
stimulated cells in contrast to unstimulated cells. In addition, a
tyrosine phosphorylated protein of -35,000 MW (pp35/36)
was co-immunoprecipitated with tyrosine phosphorylated
PLC; 1. Separate ligation of CD4 also induced tyrosine phos-
phorylation of PLC;'I, while co-ligation of CD4 with CD3
augmented the tyrosine phosphorylation of PLC, I. Down-
modulation of the tyrosine phosphorylation signals was induced
by co-ligation of the CD45 tyrosine phosphatase with either or
both CD3 and CD4, although the signal induced by all three
receptors appeared somewhat resistant to CD45 inhibition.

Inununoprecipitation and Western imnmnunoblotting
Immunoprecipitates of PLC-'l and PLC;'2 were prepared by
lysis of 107 cells (I1 mg cellular protein) in 0 5 ml modified
RIPA buffer (1 NP-40, 0 25"S Na-deoxycholate, 150 mM
NaCl, 50 mm Tris, pH 7 5) containing proteinase and phospha-
tase inhibitors as previously described,'''-3 followed by incuba-
tion of cellular lysates with 2 jig protein A-purified mAb to
PLC;'l or 5 Id rabbit antiserum to PLC;'2 for 1 2 hr at 4
Immunocomplexes were recovered by the addition of 50 jil of
protein A-Sepharose beads (Pharmacia, Piscataway, NJ) for
PLC-,'2, or beads that had been preincubated with 4 jig of
affinity-purified rabbit anti-mouse IgG (Jackson Immuno-
Research) for PLC,',. The beads were washed three times in

modified RIPA buffer, followed by one wash in TN buffer [50
mM Tris-hydrochloride (pH 7 5), 150 mm NaCI]. The proteins
were eluted in SDS-PAGE sample buffer, subjected to SDSI/8',-
PAGE, transferred to nitrocellulose filters, and the filters were
incubated with I pg/ml affinity-purified rabbit anti-phosphotyr-
osine (anti-pTyr) or mAb to PLC- I as previously described.''3
Proteins were detected by incubation of filters with ['251]protein
A or ['25I]goat anti-mouse IgG, followed by autoradiography
with X-RP film (Eastman Kodak Co., Rochester, NY) at -70
with intensifying screens. Densitometric analyses and data
integration of autoradiographs were performed on a Visage
2000 analyser (Millipore Corp., Ann Arbor, MI).

C) toplasnfic calchiu measurements
Intracellular calcium ([Ca2 t) responses were measured using
indo-l (Molecular Probes, Eugene, OR) and a model 50 HH/
2150 flow cytometer (Ortho, Westwood, MA) as described.'
The histograms were analysed by programs that calculated the
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Figure 1. Tyrosine phosphorylation and expression of PLC;, in CEM
cells. Cells were stimulated with biotinylated mAb to CD3, CD4 and/or
CD45 for 5 min. followed by avidin cross-linking for 30 seconds.
Immunoprecipitates of PLC, I were prepared from cell lysates of 2 x 107
cells, and half of each immune complex was immunoblotted in parallel
with either anti-pTyr (a) or anti-PLC, I (b). 0, unstimulated cells. PLC;' I
and tyrosine-phosphorylated proteins pp35/36 co-immunoprecipitating
with PLC; I are indicated on the left. Bands at -50,000 and 25,000 MW
are the IgH and IgL chains, respectively.
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Figure 2. Intracellular calcium ([Ca2+],) mobilization in CEM cells. Cells
incubated in EDTA were stimulated with biotinylated mAb for 4 min.
followed by avidin cross-linking, indicated by arrow at 5 min. (a)
Stimulation with mAb to CD3, CD4 and/or CD45. (b) Stimulation with
mAb to CD4, CD45 or both. Indo- I ratio was determined as described
in Materials and Methods.
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Figure 3. Kinetics of CD3-mediated PLCyl1 tyrosine phosphorylation.
CEM cells were stimulated with either soluble anti-CD3 mAb at 50 ,ug/
ml (0) or immobilized anti-CD3 mAb (0) for the indicated time-points.
Anti-CD3 was immobilized on plastic dishes at 10 pg/ml overnight prior
to blocking with media containing 10%/, FCS, followed by the addition
of cells. Immunoprecipitates ofPLClI from I07 cells were immunoblot-
ted in parallel with anti-pTyr or anti-PLCl. Autoradiographs were

analysed by densitometry, phosphotyrosine-containing PLC, 1 bands
were corrected for protein content and PLCQ I tyrosine phosphorylation
was expressed in linear units.

Virtually identical results were obtained using purified CD4
cells from peripheral blood (data not shown). Analysis of the
expression level ofPLCy in these cells either before or after cell
surface stimulation revealed a constitutive steady-state level
(Fig. Ib). Thus, CD3-mediated tyrosine phosphorylation of
PLCy I was increased by CD4 cross-linking while CD45 ligation
prevented both CD3- and CD4-induced phosphorylation.

Intracellular calcium [Ca2+1I mobilization correlates with PLCyl
tyrosine phosphorylation

Activation of the PI-PLC pathway increases the intracellular
levels of IP3, the second messenger that regulates the release of
Ca2+ from intracellular stores.2 In order to determine whether
[Ca2 ] increased co-ordinately with tyrosine phosphorylation
of PLC'l, CD3 was cross-linked on the surface of CEM cells
and [Ca2+], was measured by the indo-l dye binding assay.'4 In
Fig. 2a, flow cytometry analysis of CD3-mediated [Ca2 +]
mobilization in the absence of extracellular calcium is shown.
Co-ligation of CD3 with CD4 augmented the release of [Ca2+]J
compared to CD3 cross-linking alone, while CD45 ligation with
CD3 clearly reduced calcium mobilization. Analysis of CD3/
CD4-mediated [Ca2+]i release demonstrated a resistance to the
effect of CD45 cross-linking with CD3, correlating with the
increased tyrosine phosphorylation and complex formation
observed by this stimulation. In addition, the CD4-induced
[Ca2+]i mobilization was partially inhibited by CD45 co-ligation
(Fig. 2b) which paralleled the loss of signal observed in the
PLCy 1 tyrosine phosphorylation analysis. Hence, the activation
of PLCy1 enzymatic activity as a function of [Ca2+], coincided
with the tyrosine phosphorylation state of PLCy 1.

Kinetics of PLCyl tyrosine phosphorylation

Stimulation of T cells with soluble anti-CD3 results in a
transient calcium response and desensitization of the cells to
further activation.'5"16 In contrast, use of immobilized anti-CD3
to activate the PI-PLC pathway, which more closely mimics an

antigen-presenting cell interaction, induces a sustained response
that leads to the production of IL-2 receptor a-chain (CD25),
cytokines and ultimately cell proliferation.'7 Examination of the
time-course of PLCy1 tyrosine phosphorylation showed that
soluble anti-CD3 induced a transient peak at 30 seconds,
followed by complete dephosphorylation of PLCy1 by 25 min
(Fig. 3). Immobilized anti-CD3 increased the duration of
tyrosine phosphorylation and appeared to slow the rate of
dephosphorylation, correlating with previous reports that
immobilized mAb to CD3 prolonged tyrosine phosphorylation
of multiple protein substrates.'8 Earlier time-points in the
immobilized anti-CD3 assay showed that PLCy l tyrosine
phosphorylation increased steadily to a peak at 15 min before
decreasing (data not shown).

PLCy isoform usage and protein complex formation in T-cell
signalling

An additional isoform of PLCy expressed in haematopoietic
lineage cells (PLCy2) has approximately 50% homology with
PLCy1.'9 Although it has been demonstrated that PLCy2 is
phosphorylated on tyrosine in the RAMOS B-cell line (S. B.
Kanner and J. A. Ledbetter, unpublished results), we addressed
the question whether PLCy2 was phosphorylated on tyrosine in
CEM cells in response to activation through CD3 and CD4. For
comparative analysis, PLCy was immunoprecipitated from
CEM activated by ligation of both CD3 and CD4 (Fig. 4a)
versus RAMOS activated with anti-IgM. Clearly, PLCyl
tyrosine phosphorylation was induced by CD3/CD4 in T cells,
and PLCy l was tyrosine phosphorylated after IgM cross-

linking in B cells. Interestingly, the associated phosphoprotein
in B cells was an 80,000MW species in comparison to the 35,000
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Figure 4.Association ofphosphoproteins with PLCj 1. (a) CEM cells were unstimulated (-) or stimulated with both anti-CD3 and anti-
CD4 (+). RAMOS cells (B-cell line) were stimulated with anti-IgM (+). Lysates were prepared, PLCyl and PLCy2 were

immunoprecipitated as indicated from 107 cells each and immune complexes were immunoblotted with anti-pTyr. Tyrosine
phosphorylated proteins co-immunoprecipitating with PLCy1 and PLCy2 are indicated as pp35/36, pp8O and pp63/64. The band at
- 50,000 MW is the IgH chain. (b) Immunoprecipitation of PLCy 1 from [35S]methionine/cysteine-labelled CEM cells. A control lane
without mAb to PLCyI was included (lane 1). 0, unstimulated; CD3 x CD4-stimulated with biotinylated mAb and avidin. For
comparison, PLCyl was immunoprecipitated in parallel and immunoblotted with anti-pTyr (lanes 4 and 5). (c) CEM cells were

stimulated with biotinylated mAb to both CD3 and CD4, followed by avidin cross-linking. Lysates from 107 cells were

immunoprecipitated with anti-PLC',I, followed by immunoblotting with anti-pTyr (lane l). Consecutive immunoprecipitations of
PLCy1 from the remaining lysate (lanes 2 and 3) were performed to deplete PLCy from the same lysate. After three rounds of anti-
PLCyl immunoprecipitation, the remaining lysate was immunoprecipitated with anti-pTyr (lane 4). For comparison, non-depleted
lysates from 107 cells were immunoprecipitated with anti-pTyr (lane 5). PLC'l and associated phosphoproteins pp35/36 are indicated
on the left. Molecular weight markers are indicated on the right.

MW protein seen in the T-cell line. In contrast, immunoprecipi-
tation of PLCy2 from the same cell lysates did not reveal
tyrosine phosphorylation in T cells [although the protein was

expressed (data not shown)], while the control B-cell line showed
tyrosine phosphorylation of PLCy2, co-immunoprecipitating
with a 63,000MW phosphoprotein. PLCy2 is thus not a tyrosine
kinase substrate in T cells stimulated through CD3/CD4 and
may not play a central role in the PI-PLC activation pathway.

Activation of PLCy1 by CD3 and/or CD4 ligation in T cells
results in the tyrosine phosphorylation of pp35/36, a protein in a

stable complex with PLCyI. Since pp35/36 is a major substrate
of tyrosine kinases in activated T cells,20'21 we investigated (1)
whether pp35/36 was associated with PLCy1 prior to T-cell
stimulation, and (2) whether the entire pool or a fraction of
phosphorylated pp35/36 was associated with PLCy 1. PLCy1
was immunoprecipitated from [35S]methionine/cyteine-labelled
cells both before and after CD3 x CD4 cross-linking (Fig. 4b). A
protein of identical Mr to pp35/36 was observed in complex with
PLCyl both before and after stimulation, in addition to other
proteins, suggesting that the proteins interact in resting cells.
Further, PLCy1 was depleted from lysates of cells (stimulated
through surface ligation of CD3 and CD4) by consecutive
rounds of immunoprecipitation, followed by immunoblotting
with anti-pTyr (Fig. 4c). Following removal of PLCy1, total
phosphotyrosine-containing proteins were immunoprecipitated
with anti-pTyr (lane 4). For comparison, lysates not depleted for
PLCyl were used for anti-pTyr immunoprecipitation (lane 5),
demonstrating that proteins of identical Mr to pp35/36

remained in the PLC-I -depleted lysate, suggesting that only a

fraction of pp35/36 is associated with PLCy1.

DISCUSSION

Evidence has accumulated recently that tyrosine phosphoryla-
tion of cellular protein tyrosine kinase substrates is critical for
PI-PLC signalling in T cells.2 Several specific substrates have
been identified, including PLCy 1, the tyrosine kinase pp56Ick 22.23

and the C-chain of CD3;24 however, the majority of the
phosphoproteins detected by immunoblotting with anti-pTyr
remain unidentified. The functional contribution of most
tyrosine-phosphorylated proteins in activated lymphocytes is
largely unclear, but both the presence and duration of phos-
phorylation of individual substrates correlates with either
desensitization of T cells or cell proliferation.2

Ligation of surface receptors CD3 and CD4 together
augments the tyrosine phosphorylation signals that each recep-

tor may induce individually.6"8 Specifically, the substrates
phosphorylated on tyrosine in response to ligation of each
receptor are both unique and partially overlapping, wherein co-

aggregation ofCD3 with CD4 influences the entire repertoire of
substrate phosphorylations.'8 20 Here we show that intracellular
calcium responses and the extent of phosphorylation of PLCy1
are both affected by co-clustering of CD3 and CD4 molecules.
Separate but simultaneous ligation of CD3 and CD4 receptors
using homoconjugated mAb (CD3 x CD3 and CD4 x CD4) did
not result in the increased tyrosine phosphorylation of PLCy1
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seen by mixed cross-linking of receptors (CD3 x CD4) (data not
shown). We conclude that the tyrosine kinase(s) responsible for
phosphorylation of PLCy 1 do not simultaneously interact with
a single PLCy 1 molecule unless the CD3 and CD4 receptors co-

aggregate. Perhaps CD4-associated pp56/'A2223 phosphorylates
a fraction of the pool of PLCy I when CD4 is ligated separately,
whereas upon engagement with CD3 receptors (potentially
associated with pp59")s25 PLC;'1 is multiply phosphorylated.
Alternatively, pp561k and pp59/"" (or another unidentified
tyrosine kinase) may interact with one another, thereby regulat-
ing enzymatic activity or phosphorylation of specific tyrosine
residues on substrates. Furthermore, perhaps ligation of the
CD45 tyrosine phosphatase with CD3 and CD4 results in effects
on specific phosphotyrosine residues that may or may not affect
enzymatic activity. For example, we have shown that cross-

linking of CD3 with CD4 and CD45 together results in a

diminished level of PLC,'I (and pp35/36) tyrosine phosphoryla-
tion, with no apparent change in [Ca2+], fluxing. Recently, it was
shown by mutagenesis of phosphorylated PLC;-l tyrosine
residues that although two out of three residues affected the
activity of PLC-,1, only one was critical for PLC-, 1 enzymatic
activation.26 It thus remains possible that CD3 x CD4 ligation
results in phosphorylation of PLC, I tyrosine residues that are

affected by CD45 co-aggregation but do not result in altered
enzymatic activity.

The effects of the CD45 receptor tyrosine phosphatase on

the responsiveness ofT cells to CD3 stimulation include down-
modulation of: (1) IP3 synthesis, (2) Ca2' mobilization, (3)
tyrosine phosphorylation of several protein substrates, and (4)
IL-2 production.2'92t'2' By inference, CD45 may dephosphory-
late a critical component of the P1-PLC pathway, such as

PLC;' 1, or pp56"k as shown previously.2720 PLC;' I may not be a

direct substrate of CD45 in tro since dephosphorylation was

not demonstrated in tij't0;4 however, additional regulatory
molecules such as profilin29 generally lacking in in titro systems

may be necessary to demonstrate specificity. The activity of
CD45 appears to be dependent upon its co-aggregation with
CD3 and other co-stimulatory molecules. For example, addi-
tion of CD45 antibody to T cells may partially inhibit CD3-
mediated Ca'+ mobilization,20 but cross-linking of CD45 with
CD3 appears to cluster several intracellular components that
has profound effects on signalling.20 In fact, it has been
demonstrated that under gentle lysis conditions, CD45 and CD3
associate in immune complexes.30

Cross-linking of CD4 molecules alone on T cells causes Ca +

mobilization and weak, but significant tyrosine phosphoryla-
tion of PLC' I1. CD45 has been shown previously to both
enhance9 and inhibit3' CD4-induced Ca2t mobilization. Addi-
tional experiments have shown that the stoichiometry of
receptor cross-linking affects activation of the PI-PLC pathway.
For example, addition of excess anti-CD45 to resting T

lymphocytes results in enhancement of CD4-induced Ca>2+
mobilization, while co-ligation with equal amounts of anti-

CD45 and anti-CD4 leads to a diminished response (data not

shown). Perhaps the localization of a high density of CD45
receptors favours deregulation of tyrosine kinase activity,
thereby increasing phosphorylation ofPLCy I and leading to an

increase in IP3 production. Here we show that simultaneous
cross-linking of CD3, CD4 and CD45 resulted in only a partial
reduction in tyrosine phosphorylation of PLC,'I without a

concomitant loss of Ca22 mobilization. This suggests that CD45

regulation of the T-cell receptor is modified by the presence of
CD4 in the complex. A sufficient level of IP3 production by
activated PLCy 1 under these conditions may stimulate cytoplas-
mic Ca>+ release and override the partial dephosphorylation of
PLCy 1 detected in our assays. Hence, the contribution of CD45
to CD3 x CD4-induced PI-PLC activation appears to include
effects on the tyrosine phosphorylation state of PLCyI and its
associated proteins without detectable inhibition of PLCyl
enzymatic activity.

Analysis of the tyrosine phosphorylation of PLCyl in
purified CD4+ T cells from fresh PBL in response to activation
through CD3, CD4 and/or CD45 receptors was virtually
identical to that observed in CEM cells (data not shown). In
addition, a correlation also was observed between mobilization
of [Ca>2] in CD4+ PBL and the state of tyrosine phosphoryla-
tion of PLC,'1. Thus, CEM cells display both phenotypic and
physiological responses similar to those of normal T cells. We
have also noted that most cell lines derived from haematopoietic
lineage, including T cells, B cells, myeloid cells and their
progenitors, express PLC' I at levels comparable to or greater
than that observed in fibroblasts (data not shown). In addition,
it was recently reported that CD3 ligation induces tyrosine
phosphorylation of PLC; I in the Jurkat T-cell line.32-34 Perhaps
tyrosine phosphorylation of PLCyI regulates early signalling
events in most haematopoietic cells. Indeed, it has been
demonstrated recently that PLC;' I is tyrosine phosphorylated in
B cells stimulated through ligation of surface IgM receptors.35

The formation of stable complexes of PLC-,'I with the
tyrosine kinase substrate pp35/36 in T cells parallels that
observed in fibroblasts stimulated with soluble growth factors.
For example, PLCyI in fibroblasts associates with activated
PDGF receptors5 in addition to other proteins.3 36 Although the
identity of pp35/36 remains unknown, its tyrosine phosphoryla-
tion is co-regulated with that of PLCQ' I by both CD4 and CD45
receptors, suggesting that it may function as a component of the
active enzyme complex. Examination of total tryosine-phos-
phorylated cellular proteins after CD3-mediated stimulation
demonstrates that a protein with identical Mr as pp35/36 is not
only a major tyrosine kinase substrate, but that its phosphoryla-
tion is affected by cross-linking of CD4 or CD45,'8202' similar to
that observed with PLCyi1-associated pp35/36. Although it
appears that only a fraction of the pool of tyrosine-phosphory-
lated pp35/36 is associated with PLC-jl, it is equally possible
that a large proportion of PLC;'1 associated with pp35/36 is
unphosphorylated. The definitive experiments thus await the
generation of antibodies to pp35/36. The observation that
PLC-'l exists in complexes with different haematopoietic
lineage-specific phosphoproteins (i.e. pp8O associated with
PLC-'I and pp63/64 associated with PLC;'2 in B cells) suggests
that these components may play a role in the activity and
regulation of PLCy1 in receptor-mediated activation pathways.
Finally, the tyrosine phorphorylation state of PLC71 and the
associated complex phosphoproteins appear to influence its
enzymatic activity, and its status is ultimately affected by surface
receptor-associated kinase/phosphatase (CD4/CD45) regula-
tion.
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