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An Unusual Mechanism for 
Ligand Antagonism 

Chikako Torigoe, John K. Inman, Henry Metzger 

The ratio of late to early events stimulated by the mast cell receptor for 
immunoglobulin E (IgE) correlated with the affinity of a ligand for the receptor- 
bound IgE. Because excess receptors clustered by a weakly binding ligand could 
hoard a critical initiating kinase, they prevented the outnumbered clusters 
engendered by the high-affinity Ligands from Launching the more complete 
cascade. A similar mechanism could explain the antagonistic action of some 
peptides on the activation of T cells. 

Binding of ligand to a cell surface receptor 
often stimulates an elaborate biochemical 
cascade. If one of the initiating interactions 
must be preserved during the course of sub- 
sequent time-dependent, energy-consuming 
steps, the fidelity of the response can be 
considerably greater than would be predicted 
simply from the free energy released by the 
initial interaction with ligand. That is, ligands 
with lower affinity-which generally means 
those forming complexes with shorter life- 
times-would be less likely to stimulate re- 
sponses that went to completion, a process 
that in related multistep systems has been 
dubbed "kinetic proofreading" (1). This for- 
mulation has been applied to explain the dis- 
criminatory prowess of the antigen receptors 
of T cells (2) and possibly to account for the 
action of variant peptides that can act as 
partial agonists or antagonists (3). Some ex- 
perimental evidence supports this formula- 
tion (4, 5), but specific molecular explana- 
tions have not yet been described. 

The clonotypic antigen receptor on T cells 

C. Torigoe and H. Metzger, Arthritis and Rheumatism 
Branch, National Institute of Arthritis and Musculo- 

is one of a family of receptors called "mul- 
tichain immune recognition receptors" that 
share numerous structural and functional at- 
tributes (6) .  The high-affinity receptor for the 
Fc portion of immunoglobulin E (IgE), 
Fc&RI, is a member of this family. We exam- 
ined the kinetic proofreading formulation in 
the context of F C ~ M  and explored whether 
ligands of differing affinity could act as mu- 
tual antagonists under conditions at which 
simple displacement could not occur. 

We loaded the Fc&RIs on rat mucosal- 
type mast cells (line RBL-2H3) (7)  with a 
monoclonal IgE specific for the 2,4-dinitro- 
phenyl (DNP) hapten ( 8 ) .  The IgE's affinity 
for several nitrophenyl hapten analogs rela- 
tive to DNP was ascertained ( 9 ) ,  selected 
multivalent hapten-protein conjugates were 
prepared (lo), and the cellular responses to 
high- or low-affinity ligands were monitored. 
The phosphorylation of tyrosines on the re- 
ceptor and of several proteins in response to 
aggregation of FcsRI was quantitated (Fig. 1 ,  
A and B). The high-affinity DNP antigen 
stimulated phosphorylation of tyrosines on 
the p and y subunits of FcsRI with compa- 
rable kinetics. and the data shown for the 

skeletal and Skin Diseases, National lnstitutes of receptor represent the combined values for 
Health, Bethesda, MD 20892-1820, USA. J. K. Inman. 
Laboratory of Immunology, National lnstitute of Al- 

the two types of subunits (Fig. 1A). The 
lergy and Infectious Diseases, National Institutes of ~ h o ~ ~ h o r y l a t i o n  of the kinase Syk and the 
Health, Bethesda, MD 20892-1820, USA. adaptor protein Nck reached a maximum at 
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virtually the same time as that of FcsRI, but A B 
the phosphorylation of the kinase Erk2 was 
delayed. Higher and lower doses of the anti- 
gen correspondingly accelerated or slowed 
the kinetics of phosphorylation, but the order 
in which the proteins were modified was 

a, 
unaltered. ... .... 

1 : For methodological and other reasons, the 
absolute amounts of phosphotyrosine on dif- 
ferent proteins are not directly comparable. - 
Nevertheless, we estimated that the maxi- 

I I mum amount of phosphotyrosines on the o " 

FcsRI, Syk, Nck, and Erk2 was about in the 0 5 10 15 20 25 0 5 10 1.5 20 25 
Time (rnin) Time (m~n) 

ratio of 3 : 1:0.2:0.4. 
The IgE antibody to DNP (anti-DNP) 

bound the 2-nitrophenyl (2NP) moiety with 
an intrinsic affinity less than 0.001 of that for 
DNP (9). At comparable doses, the 2NP hap- 
ten conjugate induced less vigorous phospho- 
rylation of the FcsRI than the DNP antigen, 
but this could be compensated for by the use 
of somewhat higher doses (Fig. 1B). Here the 
values shown correspond to the value at each 
time point divided by the maximum value 
achieved for that protein when stimulated as 
in Fig. 1A with the high-affinity ligand. De- 
spite any ambiguity in comparing the extent 
of phosphorylation of different proteins di- 
rectly (above), a comparison between thephos- 
phorylation of the same components by the 
two stimuli is straightforward. The low-affin- 
ity ligand was progressively less effective in 
activating "downstream" components per 
unit of phosphorylation of the receptor (11). 
Thus, when the maximum phosphorylation of 
the receptor stimulated by the low-affinity 
ligand was more than twofold higher, the 
maximum phosphorylation of Syk was less 
than one-third of that achieved by the high- 
affinity ligand, and that for Erk2, whose ac- 
tivation is known to be "downstream" of Syk 
(12), was only one-tenth as much. These 
findings are consistent with a kinetic proof- 
reading regime. [Our data place the activation 
of Nck temporally between Syk and Erk2 
(Fig. lA), but its location in one or another 
pathway is still unknown.] 

Secretion of granular contents from the 
cells was also measured (Fig. 1C). The weak- 
ly bound 2NP ligand also stimulated release 
of hexosaminidase poorly, even at doses suf- 
ficient to stimulate phosphorylation of the 
FcsRI severalfold greater than that stimulated 
by the high-affinity DNP ligand. On the other 
hand, a conjugate made from the 2,4-dinitro- 
6-carboxyphenyl nioiety (oDNCP), a hapten 
whose relative affinity for the anti-DNP IgE 
is 3% that of DNP (9), was almost as effec- 
tive in stimulating degranulation as the DNP 
antigen in our initial experiments with cells 
loaded with bivalent anti-DNP IgE. However, 
we observed a clear difference when tlie cells 
were sensitized with a bispecific IgE anti- 
body that is monovalent with respect to its 
DNP-binding site [(10) and below] (Fig. 1C). 

Fig. 2. Antagonistic action of weakly bind- 
ing ligand. (A) RBL-2H3 cells were loaded Receptor Erk2 
with IgE as described for Fig. 1, except that 
a mixture of two IgEs, one specific for DNP 

4 5 6  . .-. -61 ,- 4 5 6  

and the other for DNS, was used such that P om 

about one-half of the cells' receptors 
would be occupied by each of the specific 
IgEs. The cells were then exposed at 2S°C r2 

to  DNS-protein conjugate (2.7 nglml) (lane 
1). the low-affinity 2NP conjugate (100 
ng/ml) (lane 3), or both simultaneously (lane 2). Portions were removed for immunoprecipi- 
tation of solubilized proteins at the times of maximum phosphorylation of each component 
and then separated by gel electrophoresis and assayed for phosphotyrosine. The far Left panel 
shows phosphorylation of the p and y chains in the receptors from l o6  cell equivalents. 
Because the immunoprecipitations of the receptors were through their bound IgE with anti-lgE, 
the precipitates contained receptors bound to  both the DNP- and DNS-specific IgE. The other 
panels show immunoprecipitations with anti-Syk ( l o 6  cell equivalents), anti-Pyk2 (5 X lo6 cell 
equivalents), and anti-Erk2 (4 X l o6  cell equivalents). (B) The experiment is like that shown 
in (A), except that separate portions of the cells were sensitized alternatively with anti-DNS 
and anti-DNP IgE and then mixed after first washing the cells well t o  remove unbound IgE. The 
cells were then stimulated with the DNS-protein conjugate alone (lane 4), the low-affinity 2NP 
conjugate alone (lane 6), or both simultaneously (lane 5). Only the phosphorylation of the 
receptor and of Erk2 is shown. 

Fig. 1. Time course of phosphorylation of c tyrosines on several proteins in mast cells 
loaded with anti-DNP IgE after stimulation 1.2 
with (A) a high-affinity DNP-conjugated an- 

www.sciencemag.org SCIENCE VOL 281 24 JULY 1998 569 

tigen (50 nglml) or (B) a Low-affinity 2NP- m 1 - 

conjugated antigen (375 nglml) (36). In (A), 2 
the data were normalized for each compo- 2 - 
nent analyzed by dividing the absorbance at 
each time point by the absorbance of the 
sample having the maximum during the 
course of the experiment. In (B), the value at 0'4 

any time point was divided by the maximum 
absorbance achieved for that component in  
the cells stimulated by the DNP conjugate. 0 

- 

- 

- 

- 

- 

@, FcERI; A, Syk; 0, Nck; 0, Erk2. (C) Rela- W o-DNCP 2NP 
tive phosphorylation of receptors and re- Ligand 
lease of hexosaminidase stimulated by dif- 
ferent antigens. Release was measured on adherent cells as described (24, 37, 38). The 
absorbance related to  the phosphotyrosine on receptors in the sample of cells stimulated with 
the 2NP-conjugated antigen was designated as "1.00." and the values for the cells stimulated 
with the alternate ligands were related to  this value (open bars). The same procedure was used 
t o  compare the release of hexosaminidase (hatched bars), except that the data were normal- 
ized to  the release stimulated by the DNP ligand. The net release in the duplicate samples 
stimulated with the DNP antigen was 26.07 2 1.7%. The error bars show the range of duplicate 
samples. 
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Here, the maximum size of the aggregates 
that are generated can be no greater than the 
valence of the antigen (13). 

Variant peptides can antagonize the stim- 
ulation of T lymphocytes induced by wild- 
type peptides under nondisplacing conditions 
(3). We examined whether a similar effect 
would be observed in responses mediated by 
FceRI. RBL-2H3 cells were loaded with a 
mixture of two monoclonal mouse IgEs, one 
specific for DNP and the other for the non- 
cross-reacting dansyl moiety (DNS) (9). The 
cells were then exposed to the DNS-protein 
conjugate, the low-affinity 2NP conjugate, or 
both simultaneously, and immunoprecipitates 
of several proteins were assayed for phospho- 
tyrosine (Fig. 2A). 

At the dose of the DNS conjugate used, 
the phosphorylation of FceRI, although mod- 
est, was sufficient to stimulate phosphoryl- 
ation of the three downstream components 
examined: Syk, Pyk2, and Erk2. Pyk2, a 
member of the family of "focal adhesion" 
kinases, is phosphorylated subsequent to the 
activation of Syk in RBL-2H3 cells (14). As 
before, the FceRI was phosphorylated when 
the cells were stimulated with only the low- 
affinity 2NP ligand (15), but phosphorylation 
of the downstream components was dimin- 
ished. When the cells were stimulated with 
the mixture of non-cross-reacting ligands, 
the phosphotyrosine in the total receptor sub- 
units was undiminished and phosphorylation 
of Syk and Pyk2 was minimally reduced, but 
phosphorylation of Erk2 was substantially 
decreased (1 6) .  

To test whether the inhibitory effect of the 
low-affinity ligand was mediated by a re- 
leased soluble factor, separate portions of 
cells were loaded with anti-DNS IgE and 
anti-DNP IgE alternatively and, after being 
washed to remove unbound IgE, were mixed. 
They were then stimulated under the three 
conditions as in Fig. 2A (Fig. 2B). The phos- 
phorylation of the receptor proceeded as be- 
fore, as did the phosphorylation of Erk2 by 

the DNS conjugate or the lack thereof by the 
2NP conjugate. However, phosphorylation of 
Erk2 was no longer reduced in response to 
the mixture of ligands. Thus, the low-affinity 
ligand is only inhibitory when bound to the 
same cells as the high-affinity ligand. 

The time dependence of the inhibitory 
effect was explored (Fig. 3A). Again, the 
cells were doubly sensitized with anti-DNP 
and anti-DNS IgE and exposed to the high- 
affinity DNS conjugate either alone or ad- 
mixed with an excess of the low-affinity 2NP 
conjugate. The inhibition was not transient, 
and the temporally more distal components of 
the signaling cascade (Pyk2 and Erk2) were 
more profoundly affected. In six such exper- 
iments in which the dose of the low-affinity 
ligand was sufficient to stimulate the phos- 
phorylation of the receptor severalfold rela- 
tive to the high-affinity ligand, the inhibition 
of phosphorylation of Erk2 averaged almost 
70% (1 7). Increasing doses of the low-affin- 
ity ligand also progressively inhibited secre- 
tion of hexosaminidase (Fig. 3B). Because of 
the ineffectiveness of the 2NP antigen in 
stimulating even the phosphorylation of the 
receptors at 37°C (see above), this and three 
additional experiments, which gave virtually 
identical results, were conducted at 2S°C. As 
a control, release from cells loaded only with 
anti-DNS IgE was not inhibited by the added 
2NP ligand, ruling out the trivial explanation 
of a "toxic" effect of 2NP. 

In this system, it has been proposed that 

the initiating event is an aggregation-induced 
transphosphorylation of the receptor by the 
small amount of lyn constitutively associated 
with the FceRI (18) and that the amount of 
weakly associated kinase can limit the inten- 
sity of the response (19). We therefore hy- 
pothesized that clusters of receptors induced 
by an excess of low-affinity ligand could 
sequester the kinase, so that the smaller num- 
ber of clusters associated with the high-affin- 
ity ligand would be deprived of lyn and, 
therefore, of the means to initiate the signal- 
ing cascade. If so, then in an experiment such 
as that shown in Fig. 2A, phosphorylation of 
those receptors specifically aggregated by the 
high-affinity ligand would be expected to be 
reduced when isolated from the cells stimu- 
lated with the mixture of high- and low- 
affinity ligands, even though the receptor 
population as a whole showed a higher 
amount of phosphorylation. We had technical 
difficulty in efficiently immunoprecipitating 
the high-affinity DNS ligand, so for these 
experiments we used preformed oligomers 
(dimers) of rat IgE as a surrogate high-affin- 
ity ligand (20). 

Cells were first partially loaded with 
mouse anti-DNP IgE and then stimulated 
with rat IgE dimers alone, the low-affinity 
2NP conjugate alone, or a mixture of both 
(Fig. 4). The dimer-clustered receptors stim- 
ulated phosphorylation of Erk2, whereas, as 
before, the low-affinity 2NP ligand was not 
only deficient in stimulating phosphorylation 

Fig. 4. Molecular mechanism of A 
antagonism. Cells were first par- , B 

tially loaded with mouse anti- vn 
1 2 3  

DNP IgE. At time zero, they were 
then reacted with rat IgE dimer 
alone (100 ng/ml) (lane I) ,  a Erk2 !z A 
mixture of dimer (100 nglml) 
and low-affinity ZNP conjugate (200 nglml) (lane 2), Anti-DNP IgE- 

or the low-affinity 2NP conjugate alone (200 ng/ml) bound 

(lane 3). Cell extracts were specifically immunopre- 
cipitated with (A) anti-Erk2, (B) anti-mouse IgE, or (C) anti-rat IgE, and the 
was analyzed on gels for protein-bound phosphotyrosine as before. 

Rat IgE dimer- 
bound receptor 

precipitated material 
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A B Fig. 3. Inhibition of cellular response by 
low-affinity antigen. (A) Time dependence 

, N ~ ,  Receptor 

(7 h.. 

F - 9, of the inhibitory effect. Cells were loaded 
with a mixture of anti-DNP and anti-DNS - .- 

i! 
a 1  - 

h I . hSyk IgE and stimulated with DNS conjugate (2.7 

photyrosine. The dimensions of the ordi- 
nate scales for the four panels have been 
roughly normalized. (B) lnhibition of hex- 

0 ::o soa  j c z  osaminidase release by low-affinity ligand. 
2NP-conjugate added (nglml) The experiment was performed at 2S°C. 

Cells were loaded either with both anti- 
DNS and anti-DNP (grey bars) or with only anti-DNS (black bar). Samples were 
reacted for 30 min with DNS conjugate (2.7 nglml), in addition to ZNP conjugate 
(0, 100, or 500 nglml). The bars indicate the absolute percentage of release after 
subtracting the percentage of hexosaminidase released spontaneously (2.13 2 

0 5 10 15  0 5 , , ,, 0.1 1%). The error bars show the range for the duplicate incubations studied. Three 
Tlme (min) additional experiments gave virtually identical results. 

-a 

I 
I , 

nglml) (@) or DNS conjugate (2.7 ng/ml) 
plus 2NP conjugate (100 nglml) (0). The 
indicated proteins were analyzed for phos- 



of Erk2 by itself but also inhibited the action 
of the high-affinity stimulant. Under these 
conditions, the receptors clustered by the 
low-affinity antigen were phosphorylated 
(Fig. 4B). However, the phosphotyrosine on 
the receptors that were clustered by the high- 
affinity ligand was reduced by about &;TO- 
thirds (Fig. 4C). 

In the previous experiments, we deliber- 
ately used a protocol in which the receptors 
were clustered in two distinct pools-one for 
each ligand. When we instead used IgE of a 
single specificity in combination with limited 
amounts of low- and high-affinity ligands, 
the reFptor clusters would contain both high- 
and low-affinity ligands. Depending on a 
number of variables. addition of low-affinity 
ligand either inhibited or augmented down- 
stream signaling stimulated by high-affinity 
ligand. However, when we used the bispe- 
cific antibody, where the receptors binding 
the low- or high-affinity ligand cannot co- 
cluster, the low-affinity ligand reproducibly 
inhibited signaling from receptors binding the 
high-affinity ligand, as in the protocols with 
two distinct ligands (21). 

The essential feature of systems subject to 
kinetic proofreading is that the cascade of 
events that follows interaction with a ligand 
persists only as long as the initiating interac- 
tion is maintained (22). We have determined 
that the FcsRI-initiated cascade of cellular 
responses behaves like a system subject to 
kinetic proofreading. The molecular explana- 
tion for which we have obtained direct evi- 
dence relates to findings on how receptors 
that are not themselves kinases may need to 
compete for the limited extrinsic kinase that 
initiates the transphosphorylation of approx- 
imated receptors (19). In such a system, 
weakly clustered receptors act like the "dog 
in the manger" (23): Like the dog. they im- 
pede access to a necessity (the kinase) in spite 
of their inability to use it productively. The 
pathophysiological sequelae produced by 
such activators are likely to differ from those 
capable of stimulating the full cellular re- 
sponse. As already noted (22). it is the life- 
time of individual receptors in a cluster that 
deteimines their likelihood of initiating a 
"complete" cascade. Therefore, the ratio of 
late to early signals stimulated by a receptor, 
such as an FcyR, that uses a similar signaling 
cascade as FcsRI but whose interaction with 
its cognate Ig is much weaker might be dif- 
ferent (lower) than that stimulated by FcsRI 
(all other things taken equal), with cone- 
sponding differences in the cellular response. 
Some relevant although limited data on this 
matter [Table I in (24)] show no such ten- 
dency, but a kinetic analysis or an analysis of 
later events (for example, gene transcription) 
might uncover such a trend. - 

In principle, the molecular mechanism we 
propose can relate to other receptors that 

require recruitment of an extrinsic component 
in limited supply and that are subject to a 
kinetic proofreading regimen. In the immune 
system, the family of multichain immune rec- 
ognition receptors and the cytokine receptors 
are obvious candidates. 
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Fidelity of T Cell Activation 
Through Multistep T Cell 

Receptor 5 Phosphorylation 
, Ellen Neumeister Kersh, Andrey S. Shaw, Paul M. Allen* 

The T cell receptor (TCR) ap heterodimer interacts with its ligands with high 
specificity, but surprisingly low affinity. The role of the j component of the 
murine TCR in contributing to  the fidelity of antigen recognition was examined. 
With sequence-specific phosphotyrosine antibodies, it was found that j un- 
dergoes a series of ordered phosphorylation events upon TCR engagement. 
Completion of phosphorylation steps is dependent on the nature of the TCR 
ligand. Thus, the phosphorylation steps establish thresholds forT cell activation. 
This study documents the sophisticated molecular events that follow the 
engagement of a low-affinity receptor. 

The ap TCR is pai-t of a large protein com- 
plex composed of the CD3 y, 6, e, and j 
chains. These chains contain signaling motifs 
called ITAMs (immune receptor tyrosine- 
based activation motifs) with the consensus 
sequence YXX(L/I)X,-,YXX(L;I) (1, 2). 
Upon phosphoiylation, this motif is sufficient 
to transduce signals fiom the TCR (3). The y: 
6, and e chains each contain one ITAM, and 
j contains three ITAMs. The multiple ITAhls 
are thought to amplify signals from the TCR; 
however, it is not iinrnediately clear why 
such a complicated receptor system arose 
solely for the purpose of signal amplification. 
Another function of the TCR complex could 
be to qualitatively evaluate ligands of the cxp 
TCR. To examine this possibility, we studied 
the effect of different physiologic TCR li- 
gands on phospholylation of individual ty- 
rosines of the TCR j chain. Although j is not 

absolutely required for T cell development 
(4, 5): j is critical for the selection of the TCR 
repertoire and for the prevention of autoim- 
inunity (6). With six potential phosphoryl- 
atioil sites, herein referred to as Al ,  A2, B1, 
B2, C1: and C2 (Fig. lA), j could yield more 
than 60 different phospho-species and ampli- 
fy initial signals. Thus, molecularly, j is well 
suited for processing iilfoimation received by 
the ap TCR. The mechanism of signal initi- 
ation through phosphorylation of j, however, 
has not been ascertained. Discreet phospho- 
f o m s  of j exist in resting and in activated T 
cells, with apparent inolecular sizes of 21 and 
23 kD, respectively. Specific phospho-spe- 
cies giving rise to these discreet foi~ns have 
not been identified because of the complexity 
of the molecule (7-9). The ratio of p21 and 
p23 can be altered after stimulation of T cells 
with suboptimal ligands, further suggesting a 
discrimiilatory role of I, phosphorylation in T - 
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per receptor) for -16 hours were washed and react- 
ed wi th the alternative ligands at 28'C. After 30 min, 
release o f  hexosaminidase was measured. Cells in 
separate wells were stimulated identically and ana- 
lyzed for phosphotyrosine after 3 min. The doses of 
ligand (adjusted t o  induce ample phosphorylation of 
the receptors) were 10, 100, and 2500 nglml  for the 
DNP-, oDNCP-, and 2NP-protein conjugates, respec- 
tively. Separate experiments confirmed that higher 
doses of the oDNCP and ZNP conjugates gave no 
additional release. The experiments were conducted 
at a lower than optimal temperature (34) because of 
the unusual difference in the temperature response 
of the cells to the two  ligands: Whereas the DNP 
conjugate stimulated increased phosphorylation wi th 
increasing temperature between 0" and 37"C, the 
2NP conjugate yielded decreased phosphorylation 
above 15"C, although the ratio of modification in y 
compared wi th P was always around 2 : l  (35). 
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ificity by using phosphorylated and unphos- 
phoiylated j proteins, as well as j proteins 
with substitutions of individual tyrosines to 
phenylalanine, where the tyrosine of interest 
cannot be phosphoiylated (Fig. 1B) (13). The 
antibodies were used to examine the phos- 
phoiylation status of TCR j in the resting Thl 
clone 3.L2, which is specific for Hb(64-76)i 
I-E" (Fig. 2: leftmost lane of each panel) (14). 
Two of the six specific phospho-ITAM sera 
(against the B 1 and C2 sites) recognized p21 
in resting T cells (Fig. 2: D and G) (15). A2 
was recognized variably (Fig. 2C) (16). This 
pattern was observed in at least seven inde- 
pendent experiments for each antisera. The 
B1 and C2 phosphotyrosines were located 
within the saine j homodimer, because irn- 
munoprecipitation with anti-pC2 and subse- 
quent protein iminunoblotting with anti-pB1 
revealed p21 (1 7). Thus, in resting T cells, the 
p21 foim of j has two prominent phosphoty- 
rosines, B1 and C2. 

We also examined the pattern of j phos- 
phorylation observed in resting mature T 
cells directly isolated fiom mice. We made 
use of TCR transgenic mice harboring the 
Hb(64-76);'I-Ek-specific TCR 2.102 (14) 
bred onto a RAG-1 deficient background 
(18). Spleens from such mice are greatly 
enriched in resting, inature CD4L T cells. 
Lysates from freshly isolated spleen cells 
were studied for their j phosphoiylation (19). 
Phosphoiylation of the p21 form of j, con- 
sisting of prominent B1 and weak C2 phos- 
phorylation, was found (1 7), thus extending 
our findings to resting ex vivo T cells. 

We next stimulated the T cell clone 3.L2 
with antigen presenting cells (APCs) pulsed 
with the antigenic peptide Hb(64-76) and 
examined the phosphorylation of j (15). Such 
stimulation fully activates the 3.L2 T cell and 
causes cell proliferation (14). The phospho- 
rylation of p21 rapidly increased, and a 23- 
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