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ABSTRACT T-cell antigens including CD2, CD4, CD6é,
CD8, and CD28 serve as coreceptors with the T-cell receptor
(TCR)/CD3 complex in control of T-cell growth. The molec-
ular basis by which these antigens fulfill this role has remained
a major issue. An initial clue to this question came with our
finding that the sensitivity of in vitro kinase labeling (specifi-
cally using protein-tyrosine kinase p56**) allowed detection of
a physical association between CD4-p56'* and the TCR/CD3
complexes. Another T-cell antigen, CDS5, is structurally related
to the macrophage scavenger receptor family and, as such, can
directly stimulate and/or potentiate T-cell proliferation. In
this study, we reveal that in Brij 96-based cell lysates, anti-CD5
antibodies coprecipitated TCR ¢ chain (TCR{)/CD3 subunits
as well as the protein-tyrosine kinases pS56'* and pS97™.
Conversely, anti-CD3 antibody coprecipitated CD5, p56**,
and p5S9%™. Indeed, anti-CD5 and anti-CD3 gel patterns were
virtually identical, except for a difference in relative intensity
of polypeptides. Anti-CD4 coprecipitated p56'*, p32, and
CD3/TCR{ subunits but precipitated less CD5, suggesting the
existence of CD4-TCR{/CD3 complexes distinct from the
CD5-TCR{Z/CD3 complexes. Consistent with the formation of
a multimeric CD5S-TCR{/CD3 complex, anti-CD5 crosslink-
ing induced tyrosine phosphorylation of numerous T-cell sub-
strates, similar to those phosphorylated by TCRZ/CD3 liga-
tion. Significantly, as for TCRZ, CDS was found to act as a
tyrosine kinase substrate induced by TCR/CD3 ligation. The
kinetics of phosphorylation of CD5 (¢, = 20 sec) was among the
earliest of activation events, more rapid than seen for TCR{ (¢4,
= 1 min). CD5 represents a likely TCR/CD3-associated
substrate for protein-tyrosine kinases (pS6'* or p597™®) and
an alternative signaling pathway within a multimeric TCR
complex.

The CD5/Ly-1 antigen is a 69-kDa monomeric differentiation
antigen expressed on the surface of thymocytes, mature T
cells, and a small proportion of B lymphocytes (1-3). Struc-
turally, CDS belongs to a family of receptors typified by the
scavenger receptor cysteine-rich (SRCR) family of extracel-
lular domain-like structures (4, 5). This family includes the
type I macrophage scavenger receptor, the human comple-
ment factor 1, the sea urchin speract receptor, and the
lymphoid antigen CD6 (6, 7). Scavenger receptor cysteine-
rich domains include a 100-amino acid stretch with six
positionally conserved cysteine residues (6, 7). Particularly
close homology exists between the CDS and CD6 antigens
that share a further stretch of 30 conserved residues as well
as two additional cysteine residues not found in other mem-
bers of the scavenger receptor cysteine-rich family (7). Both
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CD5 and CD6 possess large cytoplasmic tails and act as
substrates for protein kinase C (8, 9).

Although the function of CDS on T cells is unclear, it has
been reported to deliver either direct activation signals or
costimulatory signals, similar to CD2, CD4, CD6, and CD28
(10-16). Mitogenic antibodies to CDS stimulate in a mono-
cyte-dependent manner (10). Anti-CD5 may provide a second
signal, as shown by its ability to ‘‘synergize’’ with submito-
genic concentrations of anti-CD3 (11-14). The antigen in-
creases intracellular Ca2+ and cGMP levels (13), interleukin
2 secretion, and interleukin 2 receptor expression (11, 14).
Significantly, signaling via CDS5 requires the coexpression of
the T-cell receptor (TCR)/CD3 complex (14). Anti-CDS5
augments T-cell help for in vitro B-cell immunoglobulin
production (16). CDS may bind to the B-cell antigen CD72
(17) and, therefore, play a signaling role in the collaboration
between T and B lymphocytes.

A variety of T-cell antigens including CD4, CD8, TCR/
CD3, interleukin 2 receptor, Thy-1, and Ly-6 have been
found to be complexed to intracellular protein-tyrosine ki-
nases, such as p56ik and p59v» (refs. 18-24; for review, see
ref. 21). We have reported that CD5 can coprecipitate kinase
activity, although the kinase was unidentified (24). In an
effort to uncover the molecular basis of CDS5 signaling in T
cells, we have demonstrated that CD5 forms a physical
aggregate with the TCR ¢ chain (TCR¢)/CD3 complex and
the protein-tyrosine kinases p56'k and p59%". Consistent
with this, antibody-induced crosslinking of CD5 induced
tyrosine phosphorylation of numerous substrates, similar to
those induced by anti-TCR/CD3. Importantly, anti-TCR/
CD3 could induce the rapid tyrosine phosphorylation of CD5.
The combined observation that CDS associates with the
TCR/CD3 complex and acts as a tyrosine kinase substrate
supports a model in which CD5 constitutes a potential
signaling component within a TCR/CD3 oligomeric complex.

MATERIALS AND METHODS

Monoclonal Antibodies (mAbs), Antisera, and Cells. mAbs
used included antibodies to CDS5 [24T6G12 (IgG2); UCHT2
(IgG) (from Peter Beverley, University College, London);
OKT1 (IgG2a)], to CD4 [19Thy5D7 (IgG2)], to CD3 [RW2-
8C8 (IgG1)], or to TCR¢ [TIA-2 (IgG1); from Paul Anderson
(Dana-Farber Cancer Institute)]. Anti-p56'°k and p597" sera
were generated against synthetic peptides corresponding to
the N-terminal residues 3964 and 22-35, respectively. Anti-
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phosphotyrosine mAbs included PY20mAb (ICN) or 4G10
provided by B. Druker (Dana-Farber Cancer Institute). T
cells (HPB-ALL, Jurkat) were grown in RPMI 1640 medium/
10% (vol/vol) fetal calf serum/1% (wt/vol) penicillin-
steptomycin at 37°C. T cells were purified from the peripheral
blood lymphocyte (PBL) population by conventional sheep
erythrocyte rosetting techniques. Thymocytes were obtained
from children having undergone cardiac surgery (Children’s
Hospital, Boston).

Immunoprecipitation, In Vitro Kinase Assays, and Mem-
brane-Purification Techniques. Cells at 50 x 10° cells per ml
were solubilized in either 1% (vol/vol) Nonidet P-40 or Brij
96 lysis buffer in 20 mM Tris*HCI buffer, pH 8.0, containing
150 mM NaCl and 1 mM phenylmethylsulfonyl fluoride for 30
min at 4°C, as described (18, 20). Membrane vesicles were
purified and labeled with [y-32P]ATP, as described (25).
Membranes were solubilized in ice-cold Nonidet P-40 (1%)
lysis buffer/20 mM Tris-HCIl, pH 8.0/150 mM NaCl/0.4 mM
sodium vanadate/10 mM sodium fluoride/10 mM sodium
pyrophosphate/0.5 mM EDTA/1 mM phenylmethylsulfonyl
fluoride for 30 min at 4°C. Immunoprecipitates were washed
with ice-cold lysis buffer and subjected to SDS/PAGE or
two-dimensional nonequilibrium gel electrophoresis, as de-
scribed (18).

Antibody-Induced Crosslinking and Immunoblotting. Anti-
body-induced crosslinking was conducted in two ways: (i) 5
X 108 resting peripheral blood T cells were initially incubated
with 5-10 ug of anti-CD5 mAb (UCHT2 and 24T6G12),
anti-CD4 mAb, or anti-CD3 mAb for 1/2 hr at 4°C, washed
several times, incubated with 1 ug of rabbit anti-mouse
antibody (DAKO, Carpinteria, CA) for 1/2 hr at 4°C, fol-
lowed by an incubation for various times at 37°C. Alterna-
tively, (ii) for kinetic experiments, Jurkat cells were prein-
cubated at 37°C in RPMI 1640 medium/2% fetal calf serum,
incubated with a mixture of anti-CD3 mAb and rabbit anti-
mouse antibody (5 ug/1 ug, respectively), and harvested by
touch-spin centrifugation in an Eppendorf microcentrifuge
before solubilization in 1% Nonidet P-40 lysis buffer con-
taining phosphatase inhibitors (1 mM sodium vanadate, 10
mM sodium pyrophosphate, 1 mM sodium fluoride, and 0.1
mM EGTA). Cell lysates and anti-CD5 mAb (OKT1; 5 ug/ml)
or anti-TCR¢ mAb (5 ul/ml) precipitates were immunoblot-
ted with an anti-phosphotyrosine antibody. Reactivity was
determined by using either iodinated antibody or rabbit
anti-mouse alkaline phosphatase and an alkaline phosphatase
detection system (Promega) (26).

RESULTS

Initially, microsomal membrane vesicles from a variety of T
cells were labeled with [32P]ATP to assess whether the CD5
antigen could act as a substrate for membrane-associated
kinases. CDS possesses several potential sites of tyrosine
phosphorylation (4, 5). Anti-CDS precipitates from Brij 96-
based lysates of labeled membranes showed the presence of
a labeled doublet at 67 kDa and 69 kDa from PBLs (Fig. 1,
lane 3), thymocytes (lanes 6 and 7), and HPB-ALL cells (lane
11). Two different mAbs to CDS5, 24T6G12 and UCHT2,
precipitated labeled 67/69-kDa (lanes 6 and 7, respectively).
For comparison, mAbs to CD4 coprecipitated labeled 56- to
62-kDa bands (lanes 2, 5, and 10), which correspond to bands
precipitated by anti-p56'* sérum (lanes 4, 8, and 12). An
antiserum to p59%" precipitated a band at 59 kDa (lane 13).
CDS is, therefore, readily phosphorylated by kinase(s) asso-
ciated with membranes from a variety of T-cell types.

The above data suggested that CD5 might be associated
with an intracellular kinase. To determine the nature of the
associated molecules, anti-CD5 (24T6G12) precipitates from
Brij 96 lysates of peripheral blood T cells (Fig. 2 A, lanes 1-5),
T-cell lines Jurkat (lanes 6-9), and HPB-ALL (lanes 10-14)
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Fic. 1. CDS5 antigen is phospholabeled in membrane vesicles
from a variety of T cells. Membrane vesicles were purified and
labeled with [32PJATP from various T cells, as described (25): resting
PBLs (lanes 1-4), thymocytes (lanes 5-8), and the T-cell line HPB-
ALL (lanes 9-13) treated with rabbit anti-mouse mAb (lanes 1, 9),
anti-CD4 mAb (lanes 2, 5, and 10), anti-CDS mAb (12T6G12) (lanes
3,6, and 11), anti-CDS mAb (UCHT?2) (lane 7), anti-p56/ck mAb (lanes
4, 8, and 12), and anti-p5%Y" mAb (lane 13).

were labeled in an in vitro kinase assay with [y->2P]ATP.
From PBLs, anti-CD5 precipitated a major labeled band at 69
kDa (CDS) together with bands at 55-60 kDa, 32-34 kDa, 28
kDa, 20 kDa, and 16-18 kDa (lane 2). Little if any of the
28-kDa bands were observed in Jurkat cells, although the
32/34-kDa, 20-kDa, and 16- to 20-kDa bands were visible
(lane 7). These patterns strikingly resembled those precipi-
tated by anti-CD3 antibody. For example, from peripheral T
cells, anti-CD3 precipitated the 69-kDa band, a 55- to 60-kDa
band, CD3 subunits at 28-kDa, 20-kDa, and TCR{ chains at
16- to 20-kDa (lane 5). The only detectable difference in the
patterns was a CD5-associated 32/34-kDa band absent in
anti-CD3 precipitates. In HPB-ALL cells, anti-CDS5 precip-
itated 28-kDa, 20-kDa, and 16- to 20-kDa bands that were also
found in anti-CD4 precipitates (lanes 11 vs. 13). We had
previously shown that these bands correspond to CD3/TCR¢
(25). As a positive control, anti-p59%™ precipitated a 59- to
62-kDa band (lanes 4 and 12), whereas anti-CD4/p56'k
precipitated p56'°k at 56 to 60 kDa (lanes 3, 8, and 13). Rabbit
anti-mouse failed to precipitate detectable amounts of antigen
(lanes 1, 6, and 10). Anti-CD6 precipitated a single band at
=130 kDa (lane 14).

Previously, using Nonidet P40 as a detergent, we showed
a physical association between the CD3 ¢ chain, TCR{ and
CD4-p56'<k, but only from HPB-ALL cells (25). Using Brij 96
as a detergent, we also coprecipitated faint, but reproducible,
20-kDa CD3 ¢ chains from peripheral T cells and Jurkat cells
(lanes 3 vs. 5; 8 vs. 9). Their identities were verified by
two-dimensional isoelectric focusing (data not shown), indi-
cating that the CD4-p56'ck and CD3 association is more
widespread than previously thought, being found in periph-
eral blood T cells and other cell lines.

Beside the shared CD3/TCR{ subunits, the anti-CDS pat-
tern from peripheral T cells shared an additional subunit at
32/34 kDa with anti-CD4, which was not found in the
anti-CD3 patterns (lanes 2 and 3 vs. §). In contrast to the
anti-CD3 pattern, anti-CD4/Ick precipitated little, if any, of
the 69-kDa band (CDS5) material (Fig. 2A, lanes 2 vs. 3; 7 vs.
8; and 11 vs. 13).

Positive identification of the 69-kDa band in the anti-CD5
precipitate as CDS was made by eluting the 69-kDa polypep-
tide from SDS/PAGE and reprecipitating with an anti-CD5
antibody. Fig. 2B shows that anti-CD5 mAb recognized the
69-kDa protein (lane 2), whereas irrelevant antibody failed to
precipitate the antigen (lane 1).

Detection of CDS-associated CD3 chain and TCR{ re-
quired use of Brij 96 detergent because they were not
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FiG. 2. Anti-CDS5 copurifies associated kinase activity, CD3 subunits, and TCR{. Peripheral T cells (lanes 1-5), Jurkat (lanes 6-9), and
HPB-ALL cells (lanes 10-14) were immunoprecipitated in Brij 96-based lysis buffer and labeled by in vitro kinase assay, as described (25). (4)
Rabbit anti-mouse antibody (RaM) (lanes 1, 6, and 10), anti-CD5 mAb (lanes 2, 7, and 11), anti-CD4, anti-p56'°k mAb (lanes 3 and 8), anti-CD4
mAb (lane 13), anti-p59Y® mAb (lanes 4 and 12), anti-CD3 mAb (lanes 5 and 9), and anti-CD6 mAb (lane 14). Arrows indicate positions of
comigrating bands. (B) Labeled 69-kDa protein corresponds to the CDS5 antigen, as detected by reprecipitation analysis. Anti-CDS
immunoprecipitates from HPB-ALL cells were denatured by boiling in SDS and reprecipitated, as described (18, 20): Reprecipitation was with
rabbit anti-mouse antibody (lane 1) and anti-CD5 mAb (lane 2). (C) Anti-CD5 copurifies associated kinase activity from Nonidet P-40 based
lysates. Peripheral T cells (lanes 1-4) were immunoprecipitated in Nonidet P-40-based lysis buffer and labeled by in vitro kinase assay: RaM
(lane 1), anti-CD4 mAb (lane 2), soluble anti-CD5 mAb (lane 3), and anti-CD5-linked Sepharose (lane 4). CDS is a phosphotyrosine-labeled
polypeptide (Right). Phosphoamino acid analysis of the phospholabeled CDS5 antigen was conducted as described (18). PS, phosphoserine; PT,

phosphothreonine; PY, phosphotyrosine.

detected in Nonidet P-40 lysates (Fig. 2C, lanes 1-4). In
Nonidet P-40 based lysates, anti-CD4 precipitated p56'°k and
associated p32 (lane 2). 32-kDa protein has been shown to
bind GTP and to be recognized by an anti-G protein antisera
(28). In Nonidet P-40, soluble and Sepharose-coupled anti-
CDS mAb only precipitated heavily labeled bands at 67 kDa
and 69 kDa (lanes 3 and 4). It is noteworthy that anti-CDS
precipitated kinase activity even in the absence of TCR¢/
CD3 chain. Confirmation of phosphotyrosine labeling was
made by two-dimensional phosphoamino acid analysis (Fig.
2C, Right).

Two-dimensional isoelectric focusing further revealed a
similarity in'the patterns precipitated by anti-CD5 and anti-
CD3 mAbs from peripheral blood T cells (Fig. 3). Anti-CDS
precipitated a CD5 doublet at 67/69 kDa, p56'k, p59%®, and
a well-labeled series of lower-molecular-mass spots that
comigrated exactly with those precipitated by anti-CD3 mAb
(A vs. B). These spots included the CD3 y,¢ chains as well as
aseries of TCR¢ spots. Conversely, anti-CD3 precipitated the
CDS antigen, in addition to p56'k, p59fy». CD3/TCR{ chain
(B). Anti-CDS5 and anti-CD3 patterns were almost identical,
except for a difference in relative intensity of spots, as well
as the precipitation of a faint CDS5-associated 34-kDa spot not
seen in the anti-CD3 pattern (A vs. B, unmarked spot to left
of CD3). Anti-CD5 mAb precipitated CD5, p56'°k, and p59f»
with greater intensity, whereas anti-CD3 mAb preferentially
precipitated CD3. Identities of the kinases were shown by
their comigration of spots precipitated by anti-p56ik (C) and
anti-p59%" (D) mAbs. This result was verified by reprecipi-
tation and peptide-map analysis (data not shown).

The physical interaction between CDS5S and protein-
tyrosine kinases correlated with an ability of CDS to induce
atyrosine-phosphorylation cascade within peripheral T cells.
Cells were preincubated at 4°C with either anti-CDS5, anti-
CD3, or anti-CD4 mAb followed by secondary antibody
(rabbit anti-mouse) and then incubated for various times at
37°C. Under this regime, anti-CD5 crosslinking resulted in
the rapid phosphorylation of a variety of intracellular sub-
strates (Fig. 4, lanes 7 and 8 vs. 1 and 2). These included
substrates at 130 kDa, 115 kDa, 110 kDa, 105 kDa, 95 kDa,

92 kDa, 87 kDa, 82 kDa, 69 kDa, 42 kDa, and 14-21 kDa.
Significantly, anti-CD5 mAbs induced a pattern of tyrosine
phosphorylation identical to that seen with anti-CD3 mAbs
(lanes 10-13). Most substrates appeared to undergo maximal
phosphorylation by 1 min. The anti-CD4 pattern was similar
but was not identical to the anti-CDS pattern (lanes 3-6). This
antibody induced the phosphorylation of substrates at 115
kDa, 110 kDa, 105 kDa, 95 kDa, 87 kDa, 82 kDa, and
occasionally at 42 kDa. Less consistent was the phosphor-
ylation of the 130-kDa and the 14- to 21-kDa (TCR{) substrate
by anti-CD4 mAb. Secondary antibody alone had no effect on
cells (lane 2). These data were consistent with the hypothesis
that the CD5 and TCR{/CD3 antigens form a functional
aggregate unit that includes p56' and p59fyn.

An important extension of this hypothesis was the finding
that anti-TCR¢/CD3 ligation induced the rapid phosphory-
lation of CDS5 on tyrosine residues. In this approach, Jurkat
cells were preincubated at 37°C and incubated for various
times with a mixture of anti-CD3 and rabbit anti-mouse
antibodies; this allowed measurement of the kinetics of
receptor-induced tyrosine phosphorylation. Anti-CD3
crosslinking followed by immunoblotting with 1%5I-labeled
anti-phosphotyrosine antibody revealed a spectrum of phos-
phorylated proteins (Fig. 5, Left). As previously noted for
peripheral blood T cells, anti-CD3 induced the rapid phos-
phorylation of two substrates of 69-70 kDa and 14-21 kDa.
To identify them, anti-CD3-treated cells were lysed and
immunoprecipitated with anti-CD5 (Fig. 5, Upper right) or
anti-TCR¢ (Fig. 5, Lower right) and subjected to anti-
phosphotyrosine immunoblotting. Importantly, anti-CD3
crosslinking induced the dramatic and rapid tyrosine phos-
phorylation of CDS5 at 69 kDa (Fig. 5, Upper right). During the
time course of crosslinking, a slight shift in molecular mass
of CDS5 was noted in cell lysates (Fig. 5, Left) and precipitates
(Fig. S, Upper right). As a positive control, TCR{ was also
found to undergo an increase tyrosine phosphorylation in cell
lysates (Fig. 5, Left) and anti-TCR{ precipitations (Fig. 5,
Lower right). Intriguingly, comparison of the kinetics of CD5
labeling over three experiments showed CDS to undergo
rapid phosphorylation (f;/2 = 20 sec), slightly more rapidly
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FiG. 3. Two-dimensional gel electrophoresis demonstrates the
presence of pS6ick, p59fyn, CD3 subunits, and TCR¢ in complex
formation with CDS antigen. Inmunoprecipitates from Brij 96-based
detergent lysates from peripheral blood T cells were conducted by
using the designated antibody, subjected to in vitro kinase labeling
and two-dimensional isoelectric focusing, as described (18). (A)
Anti-CD5. (B) Anti-CD3. (C) Anti-CD4 and anti-p56'k. (D) Anti-
p59%2. Anti-CD4 and anti-p56!°k were intentionally underexposed to
pin-point position of the p56'k spot.

than TCR{ (72 = 60 sec). Furthermore, CD5 phosphoryla-
tion was transient, having undergone appreciable dephos-
phorylation (i.e., 50-60%) within 10 min of TCR/CD?3 liga-
tion.

DISCUSSION

CDS5 is well-established as a costimulatory antigen that func-
tions in conjunction with the TCR/CD3 complex; however,
little information exists on the molecular basis of CDS5 function
in signal transduction (10-16). In this study, we demonstrated
that CDS associates as a multimeric complex with TCR{/CD3
subunits and the protein tyrosine kinases p56'k and p597®. Brij
96 has been found efficient in extracting p56'°k activity and
associated proteins (29). The physical association provides a
basis for the dependency of CD5 function on the TCR/CD3
complex. CDS5, therefore, shares characteristics with
TCR{—namely, the detection of an association with TCR/
CD3 in mild detergents and the fact that both serve as
substrates for protein-tyrosine kinases during TCR/CD3 liga-
tion. In contrast to TCR¢, CDS does not appear necessary for
surface expression of the TCR/CD3 complex (12). Anti-CDS
mAD precipitated a complete assortment of CD3/TCR{ pro-
teins, thereby making it unlikely that CDS5 displaces individual
subunits of the TCR{/CD3 complex. The CD5-TCR{/CD3
association may represent a second-order interaction on the
T-cell surface. Murine and human CD5 transmembrane re-
gions possess several conserved basic lysines as well as a
single aspartic acid (4, 5). Theoretically, CD5 could interact
with negatively charged residues within the CD3/TCR{ com-
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F1G. 4. Anti-CD5 and anti-CD3 crosslinking induces tyrosine
phosphorylation of a similar spectrum of intracellular substrates.
Resting peripheral T cells were equilibrated at 4°C and exposed for
various times to either anti-CD4 plus rabbit anti-mouse antibody
(RaM; lanes 3-6), anti-CDS5 plus RaM (lanes 7-9), or anti-CD3 plus
RaM (lanes 10-13) at 37°C and then subjected to anti-phosphoty-
rosine immunoblotting. Lanes: 1, untreated control; 2, RaM control;
3, 1-min anti-CD4 treatment; 4, 2-min anti-CD4 treatment; 5, 5-min
anti-CD4 treatment; 6, 10-min anti-CD4 treatment; 7, 1-min anti-CD5
treatment; 8, 2-min anti-CD5 treatment; 9, 5-min anti-CDS treatment;
10, 1-min anti-CD3 treatment; 11, 2-min anti-CD3 treatment; 12,
5-min anti-CD3 treatment; 13, 10-min anti-CD3 treatment.

plexes or positively charged residues within the TCR a,B-
chain transmembrane regions. Alternatively, CD5 and TCR/
CD3 could interact by virtue of associated intracellular kinases
or via extracellular domains.

Importantly, both anti-CDS5 and anti-CD3 coprecipitated the
src-family members p56/k and p59%™ (Figs. 2 and 3). Previous
reports have shown that p59%™ coprecipitates with the TCR/
CD3 complex (30). Our data indicate that on peripheral T cells
TCR/CD3 also coprecipitates p56ic and, generally, to a
greater extent than pS99™ (Fig. 3). An important issue, there-
fore, concerns the subunit to which the kinases bind. For
example, p56'k binds directly to CD4, which, in turn, can
physically associate with TCR/CD3, thereby contributing
p56'°k to the receptor complex (21, 25). Fastidious detergent
requirements may reflect the susceptibility of the receptor-
kinase interaction to dissociation or the dissociation of the
preformed receptor-kinase complex from the TCR/CD3 com-
plex. Beyers and coworkers (27) recently reported similar data
showing the coprecipitation of CD2, CD4, and CDS5 with the
TCR/CD3 complex from rat cells. Our data differ slightly from
this study in that anti-human CD5 precipitated both p56k and
p59%7 (Fig. 3), whereas anti-rat CDS coprecipitated only p56ick
(27). In human TCR¢{/CD3~ cells, anti-CDS5 was restricted in
coprecipitating p56'k, thereby suggesting that p59%™ associ-
ates with another component within the complex (C.E.R. and
M.Y ., unpublished data). Finally, only a small amount of CD5
was coprecipitated with anti-CD4, suggesting that a portion of
CD5-TCR{/CD3 complexes may exist distinct from the
CD4-TCR¢/CD3 complexes. Anti-CD4 coprecipitation of
TCR{/CD3 was also generally less prominent than CD5-TCR/
CD3 coprecipitation. Different molecular aggregates may al-
low for the generation of distinct sets of intracellular signals via
the TCR/CD3 complex.

Consistent with the formation of the TCRZ/CD3-CD5 com-
plex, anti-CDS5 crosslinking was found to induce the tyrosine
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F1G. 5. Anti-CD3 crosslinking induces tyrosine phosphorylation
of CD5 antigen. Lysates from Jurkat cells exposed for various times
to anti-CD3 mAb plus rabbit anti-mouse antibody (RaM) were
subjected either to anti-phosphotyrosine immunoblotting (Left) or to
precipitation by anti-CD5 mAbs (Upper right) or anti-TCR{ (Lower
right) followed by anti-phosphotyrosine blotting. Cell lysates (Lef?);
anti-CD5 mAb (Upper right); anti-TCR{ mAb (Lower right). Ip,
immunoprecipitation.

phosphorylation of a spectrum of substrates identical to anti-
CD3. CD5, therefore, may act to regulate p56'* and/or p59%¥»
activity. Further, anti-CD3 caused the rapid phosphorylation
of CDS itself (Fig. SA and B). CDS thus represents a second
TCR/CD3-associated protein that undergoes tyrosine phos-
phorylation in response to TCR/CD3 ligation. TCR¢ had
previously been identified as a tyrosine substrate within the
complex (31). CDS underwent rapid phosphorylation (#,2 =
15-20 sec), more rapid than observed for the TCR{ (t;/, = 60
sec) (Fig. 5). Even slower rates of TCR{ phosphorylation have
been observed, an event that may vary with the growth
conditions of cells (31, 37). The rapid kinetics of CD5 phos-
phorylation is roughly comparable with other substrates (37)
and with the activation of phospholipase C, a correlation
compatible with a linkage between these events. CD5 phos-
phorylation is also transient, suggesting regulation by phos-
phatases, possibly CD45. Particularly intriguing is the pres-
ence of a Y-(X);;-Y motif that is found in other substrates such
as TCR{ (32) and immunoglobulin-associated B29 and MB1
(33, 34) proteins. The first tyrosine within the CD5 motif
possesses adjacent residues similar to the autophosphoryla-
tion site of src-related kinases (DNEYSQP vs. DNEYTAR,
respectively). CDS5 appears especially well-tailored to serve as
a substrate for src kinases such as p56!°k and p59%™ within the
receptor complex. Nevertheless, the involvement of other
kinases cannot be excluded. CDS5 phosphorylation could have
various functions, such as altering the conformation of the
antigen, its association with the TCR/CD3 complex, binding
of src homology region 2-carrying proteins, or negatively
regulating p56ik or p59%™ activity by competing with the
ability of the kinases to autophosphorylate.

Distinct signals can be generated by TCR¢ and CD3
subunits within the complex (35, 36). The presence of CDS5,
p56ick, and p59f" adds yet another branch to this multifarious
signaling unit. Unlike TCR{, CDS possesses an extracellular
region that can bind to ligand, the B-cell-surface protein
CD72 (17). The interaction between CDS and CD72 may use
p56'k, p59fyn. and TCR/CD3 in the generation of signals
required specifically for T-cell-B-cell collaboration.
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study. We thank Dr. Antonio da Silva for helpful discussions and
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Benjamin Jacobson Family Investigator Award of the Cancer Re-
search Institute (New York) and the Claudia Adams Barr Investi-
gator Award (Boston).

1. Reinherz, E. L., Kung, P. C., Goldstein, G. & Schlossman, S. F.
(1979) J. Immunol. 123, 1312-1317.

2. Eardley, O. D., Hugenberger, J., McVay-Boudreau, L., Shen,
F. W, Gershon, R. & Cantor, H. (1978) J. Exp. Med. 147, 1106—
1115.

3. Boumsell, L., Coppin, H., Pham, D., Raynal, B., Lemerle, J.,
Dausett, J. & Bernard, A. (1980) J. Exp. Med. 152, 229-235.

4. Jones, N. H., Clabby, D. P., Dialynas, H.J., Huang, L. A.,

Herzenberg, L. A. & Strominger, J. L. (1986) Nature (London) 323,

346-349.

Huang, H. S., Jones, N. H., Strominger, J. & Herzenberg, L. A.

(1987) Proc. Natl. Acad. Sci. USA 84, 204-208.

Krieger, M. (1992) Trends Biochem. Sci. 17, 141-146.

Aruffo, A., Melnick, M. B., Linsley, P. S. & Seed, B. (1991)J. Exp.

Med. 174, 949-952.

Lozano, F., Alberola-Ila, J., Places, L. & Vives, J. (1989) Mol.

Immunol. 26, 1187-1190.

Swack, J. A., Mier, J. W., Romain, P. L., Hull, S. R. & Rudd,

C. E. (1991) J. Biol. Chem. 266, 7137-7143.

10. Spertini, F., Stohl, W., Ramesh, N., Moody, C. & Geha, R. S.
(1991) J. Immunol. 146, 47-52.

11. Ceuppens, J. L. & Baroja, M. L. (1986) J. Immunol. 137, 1816-1821.

12. Nishimura, Y., Bierer, B. E., Jones, W. K., Jones, N. H., Stro-
minger, J. L. & Burakoff, S. J. (1988) Eur. J. Immunol. 18, 747-753.

13. Ledbetter, J. A., Parsons, M., Martin, P. J., Hansen, J. A., Rab-
inovitch, P. S. & June, C. H. (1985) J. Immunol. 135, 2331-2336.

14. June, C. H., Rabinovitch, P. S. & Ledbetter, J. A. (1987) J. Im-
munol. 138, 2782-2792.

15. Alberola-Ila, J., Places, L., Cantrell, D., Vives, J. & Lozano, F.
(1992) J. Immunol. 148, 1287-1293.

16. Thomas, Y., Glickman, E., Demartino, J., Wang, J., Goldstein, G.
& Chess, L. (1984) J. Immunol. 133, 724-730.

17. Van de Velde, H., von Hoegen, I., Luo, W., Parnes, J.R. &
Thielemans, K. (1991) Nature (London) 351, 662—665.

18. Rudd, C. E., Trevillyan, J. M., Dasgupta, J. D., Wong, L. L. &
Schlossman, S. F. (1988) Proc. Natl. Acad. Sci. USA 85, 5190-5194.

19. Veillette, A., Bookman, M. A., Horak, E. M. & Bolen, J. B. (1988)
Cell 55, 301-308.

20. Barber, E. K., Dasgupta, J. D., Schlossman, S. F., Trevillyan, J. M.
& Rudd, C. E. (1989) Proc. Natl. Acad. Sci. USA 86, 3277-3281.

21. Rudd, C. E. (1990) Immunol. Today 11, 400-405.

22. Hatakeyama, M., Kono, T., Nobayshi, N., Kawahara, A., Levin,
S. D., Perimutter, R. M. & Taniguichi, T. (1991) Science 252,
1523-1528.

23. Stefanova, 1., Horejsi, V., Ansotegui, I. J., Knapp, W. & Stock-
inger, H. (1992) Science 254, 1016-1019.

24. Rudd, C. E., Odysseos, A. & Burgess, K. A. (1989) in Leukocyte
Typing IV, eds. Knapp, W., Dorken, B., Gilks, W. R., Rieber, E. P.,
Schmidt, R. E., Stein, H. & von dem Borne, A. E. G., pp. 505-507.

25. Burgess, K. E., Odysseos, A. D., Druker, B. J., Anderson, P. J.,
Schiossman, S. F. & Rudd, C. E. (1991) Eur. J. Immunol. 21,
1663-1668.

26. Towbin, H., Stachelin, T. & Gordon, J. (1977) Proc. Natl. Acad.
Sci. USA 76, 43504354

27. Beyers, A. D., Spruyt, L. L. & Williams, A. F. (1992) Proc. Natl.

Acad. Sci. USA 89, 2945-2949.

Telfer, J. & Rudd, C. E. (1991) Science 254, 439-441.

Rudd, C. E., Trevillyan, J. M., Dasgupta, J. D., Swack, J. A. &

Schlossman, S. F. (1988) in Cellular Basis of Immune Modulation, eds.

Kaplan, J. G. & Green, D. R. (Liss, New York), pp. 70-92.

30. Samelson, L. E., Phillips, A. F., Luong, E. T. & Klausner, R.
(1990) Proc. Natl. Acad. Sci. USA 87, 4358—4362.

31. Samelson, L. E., Patel, M. D., Weissman, A., Harford, J. B. &
Klausner, R. D. (1986) Cell 46, 1083-1090.

32. Weissman, A. M., Baniyash, M., Hou, D., Samelson, L. E. &
Klausner, R. D. (1988) Science 239, 1018-1021.

33. Reth, M. (1989) Nature (London) 338, 383-384.

34. Sakaguchi, N., Kashiwamura, S., Kimoto, M., Thalmann, P. &
Melchers, F. (1988) EMBO J. 7, 3457-3464.

35. Letourneur, F. & Klausner, R. D. (1992) Science 255, 79-82.

36. Wegener, A. M., Letourneur, F., Hoeveler, A., Brocker, T., Lu-
ton, F. & Malissen, B. (1992) Cell 68, 83-95.

37. June, C. H., Fletcher, M. C., Ledbetter, J. A. & Samelson, L. E.
(1990) J. Immunol. 144, 1591-1599.

b

o © N

B8



