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Summary, Recent advances in our understanding of the 
structural nature of T cell activation and signal trans
duction from the T cell receptor for antigen make 
possible the development of new tolerogenic strategies . 
Here. we summarize the evidence supporting a critical 
role for the co-receptor molecule (CD4 or CD8) and 
CD45 in determining the pattern of T cell receptor
mediated signaling. The consequences of this differential 
s ignaling can range from T cell proliferation and 
cytokine production to the establishment of a state of 
proliferative unresponsiveness known as T cell anergy. 
Inducing T cell anergy can be an alternative approach for 
the establishment of transplantation tolerance. 
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Introduction 

T lymphocytes are critical regulatory and effector 
cells of the adaptive immune response . Their function 
becomes apparent upon clone-specific activation 
following engagement of their surface receptor for 
antigen (TCR) with its natural ligand, a transmembrane 
complex formed by an immunogenic peptide bound to 
the groove of a major histocompatibility complex 
(MHC) molecule on the surface of an antigen-presenting 
cell (APC). Full T cell activation results in activation of 
transcription of multiples genes, including the inter
leukin-2 (IL-2) gene. This will result in IL-2 production 
which will ultimately lead to proliferation and 
differentiation of the T cells into effector cells . 

The signals transduced upon specific interaction 
between the TCR and its ligand, grouped as ' signal I ' , 
are not sufficient for full T cell activation. Additional 
signals, known altogether as costimulation or 'signal 2 ' , 
are required and delivered by different receptors on the 
surface of the T cell upon engagement with their ligands 
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(e.g. CD28-CD80, CD28-CD86, adhesion molecule
ligand interactions or cytokine -cytokine receptor 
interactions) (Schwartz, 1990). This two-signal 
paradigm for T cell activation has been very useful in 
providing a framework to understand T cell activation 
and to dissect the functional contribution of recognition 
and costimulatory signals . 

A prediction of the two-signal model is that either 
one of the two signals alone will not induce T cell 
proliferation and di fferentiation, and this is indeed the 
case. However, a remarkable observation made during 
studies on the requirements for T cell activation was that 
TCR engagement is not ignored by the T cell in the 
absence of costimulationbut results in a state of 
proliferative unresponsiveness to subsequent T cell in 
the absence of costimulation, rechallenge with antigen in 
the presence of costimulation (Jenkins and Schwartz, 
1987). This state was termed T cell anergy, by analogy 
to the unresponsive state described on B cells (Nossal, 
1993, 1996) . The operational definition of T cell anergy 
initially emphasized the absence of costimulation as the 
crucial event leading to T cell unresponsiveness . 
However, recent evidence has expanded this definition 
by demonstrating that T cell anergy may be the result of 
TCR engagement that fails to induce IL-2 production, 
even when costimulation is available (Schwartz, 1996). 

The significance of T cell anergy in immunobiology 
has been a controversial issue. Although the in vitro 
induction of T cell anergy is a well established 
phenomenon, some view it as a restricted in vitro 
phenomenon devoid of any biological relevance. This 
may in part be due to di fficulties in demonstrating its 
involvement in the in vivo maintenance of peripheral 
tolerance. For example, it is not yet established in vivv 
that T cells become anergic upon recognizing antigen 
presented by non-professional APC, which resembles 
the original model of recognition in the absence of 
costimulation . However, two recent developments have 
renewed interest on T cell anergy. First, better under
standing in signal transduction mechanisms has resulted 
in better biochemical characterization of the state of T 
cell anergy (reviewed in (Quill, 1996; Schwartz, 1996». 
Thus, it is now feasible to analyze signal transduction in 
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primary T cells from diffe rent ill \'i\,() models of 
tolerance or disease and re-examine the involvement of 
anergy as a mechanism. Second, the demonstration that 
the TCR complex can signal in different patterns, some 
of these resulting in the induction of T cell anergy, has 
rev ived the interest for ill FiFo conditions in which this 
may occ ur and for strategies that could res ult in the 
induct ion of T cell anergy (Sloan-Lancaster and Allen, 
1995: Madrenas and Germain, 1996) . 

In this paper, we will re view the evidence implying 
that the TCR is a versatile signaling complex. As such, 
the TCR is capable of tran sd ucing in a variety of 
signaling patterns that will result in the development of 
different effector T cell responses, ranging from T cell 
pro-liferution and cytokine production to T cell anergy. 
We will then di sc uss the current information on the 
structural basis for this ve rsatility that tran slates into 
differential signaling from the TCR. In particular, we 
will focus on the role that the co-receptor mol ec ul e 
(CD4 or CDS), and CD45 may have in diffe rential 
signaling from the TCR. Finally, we wil l examine how 
this information may impact on the development of new 
therapeutic strategies for the induction of anergy-based T 
cell unresponsiveness. 

T cell activation through the TCR 

The TCR is a molecular complex formed by a 
c lonotypic a~ or yO heterodimer non-covalently 
associated to four non-polymorphic CD3 cha in s (two 
CD3 E, one CD3 y, and one CD3 0), and two TCR-~ 
chains or its variant 11 chain. The af) or yO heterodimer is 
responsible for antigen recognition while the CD3-TCR
~ chains are responsible for signa l transduction. The fine 
stoichiometry 01' the TCR complex in basal conditions is 
not known . Recent christa ll ographic data on a TCR 
engaging a peptide:MHC molecule indicates that this 
interaction involves multiple regions of the membrane
distal domains of the TCR and requires an appropriate 
orientation of TCR engagement as well as congruency 
between the receptor and its ligand (Garboczi et a!.. 
1996: Garcia et al .. 1996a). Kinetic data using solub le 
TCR and its peptide:MHC molecule ligand indicate that 
the affinity of thi s inte raction is low, with a fa st 
di ssoc iation rate (Matsui et aI., 1991, 1994: Weber et aI., 
1992; COlT et aI., 1994; Alam et aI., 1996: Lyons et al.. 
1996) . 

The earliest detectable event upon T cel l activation 
from recognition of specific peptide: MHC mol ec ule 
complexes is tyrosine phosphorylation at Yxx(LlI )x(6_ 
g)Yxx(LlI) motifs , known as immune receptor tyrosine
based activation motifs (ITAMs) (rev iewed in (Wange 
and Samelson, 1996». These motifs are located in the 
cytoplasmic tails of the TCR ~ chains (3 in each chain) 
and CD3 y, 6, and E chains (I in each chain). 
Phosphorylation of the tyrosines in these motifs is the 
primary function of two src-related protein tyrosine 
kinases (PTK): p561ck and p59fyn . These kinases have 
distinct ways to associate with the activating complex: 

most Ick is primarily associated to the C terminus of the 
co-receptor (CD4 or CDS) molecule s (Vei llette et al .. 
1988), wh il e fyn can associate directly to th e TCR 
(Same lson et al.. 1990) . The specific contribution of 
each one of these src-kinases in TCR-mediated signaling 
in developing and mature T cells is still controversial. 
During T cell development both src-kinases are essential 
(Groves et aI. , 1996; van Oers et al.. 1996), although the 
defect caused by deletion of the Ick gene is more intense 
than the corresponding one frOlll fyn knock out mice 
(Appleby et aI. , 1992: Molina et aI., 1992) . In mature nB 
T ce ll s, Ick seems to play an essential role although fyn 
may be required in a subset of mature T ce lls. Through 
the action of e ither one or both of them, the tyrosi ne 
residues on the ITAMs are phosphorylated and serve as a 
recruitment signal for cytosolic PTKs. 

Tyrosine phosphorylation of ITAMS is representative 
of a general mechanism for the recruitment of signa ling 
molecu les . These molecu les often contai n conserved 
domains that function to co localize other molecul es 
(usually kinases) with their substrates or wi th adapters 
that will bind to the substrates (Pawson , 1995). The 
following types of domains have been so far identified: 
SH2, PTB , S1-I3, PH , WW, PDZ, and LIM. Th ese 
domain s are in vo lved in the recognition of tyrosin e 
phosphorylated motifs (SH2, PTB, and LIM ), of proline
rich regions (S I-13 and WW), interaction with phospho
lipids (PH), and valine-C terminus motifs (PDZ). This 
modularity in the signaling molecul es increases their 
versatility , and co ntributes to the specificity of the 
signaling cascades in which they may be involved. 

One of the ea rly tyrosine kina ses recruited to rhe 
TCR by tyrosine phosphorylation of the TCR subunits is 
ZAP-70. Thi s PTK plays a critical role in TCR-Illediated 
signaling as demonstrated by the severe defect in T ce ll 
activation observed in ZAP-70 knock out mice and in 
patients homozygous for mutations of the ZAP-70 gene 
(Chan et aI., 1992, 1994: Arpaia et al.. 1994: Elder et al.. 
1994: Neg ishi et aI., 1995). Upon recruitment ofZAP-70 
to the TCR , this PTK is tyrosine phosphorylated and 
activated. Only two substrates of ZAP-70 have been 
c lea rly identified so far: SLP-76, and perhaps HS I 
(reviewed in Wange and Samelson, 1996). An alternative 
group of PTKs that may be involved in TCR-mediated 
signaling is the Itkn'ec group, as indicated by the severe 
deficit in T cell development and function in Irk knock 
out mice (Liao and Littman, 1995). 

As a result of activation of these kinases, there is 
triggering of a cascade of downstream events involving 
at least three different signal transduction pathways. One 
pathway involves the activation of phospholipase C y I 
and subsequent hydrolysis of inositol phosphates lead ing 
to the ge neration of IP" and DAG. IP" will in turn 
induce Ca++ influx and DAG will activate-protein kinase 
C. Another is the p21 ras-MAPK-MAPKK pathway that 
will lead to the translocation of kinases to the nucleus 
where they wi ll ultimately phosphorylate and activate 
tran sc ription facto rs. The third pathway , partially 
characterized, includes the activation of PI3 kinase. 
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What activates the .ITc- re lated PTKs? Structural 
charac teri zation of the src family PTKs has shown the 
presence of a tyrosine residue (505) in their C terminus 
that plays a negati ve reg ulatory ro le on the kinase 
act ivi ty of the PTK when ph os phory lat ed. From a 
functional point of view. ac ti va ti on of the kinase 
functi on req uires dephosphorylation of such tyrosine 
residues. as indicated by constituti ve activation of Ick 
when this tyrosine res idue is mutated into phen ilalanine 
(rev iewed in Peri and Veillette. 1994; Zenner et al. . 
1995). Thus, ac ti va ti o n of th e sfc-fam il y of PTKs 
req uires the activity of a phosphatase. An attractive 
candidate for this role is CD45. 

CD45 is a transmembrane tyros in e phosphatase 
expressed by leuk ocy tes (Trowbridge and Thomas, 
1994: Okumura and Thomas, 1995). The li gand (s) of 
CD45 on th e APC is st ill an eni g ma. A group has 
reported that CD45 can interact with the B ce ll specific 
receptor CD22 (S tamenkov ic et al. . 199 1). The heavy 
glycos ilation of the N terminus of CD45 also sugges ts 
that this phosphatase can interact with many molec ul es 
through carbohyd rate- med iated contact. At leas t four 
different isoforms have been described on T cells , as a 
result of alternative splicing of the RNA cod ing for the 
CD45 A.B. or C exollS. These isoform s differ in their N 
terminus a nd are kn ow n as CD45RO. CD45RA. 

Agonist 

CD45 RI3. and CD45 RC. The distinct functions of these 
different isoforms are currently unknown. However. it is 
possible that these different i ·oform s may have different 
abi liti es to tran sd uce s ignals . As mention ed above . 
CD45 is able to dephosphorylate the src-famil y Ick and 
fyn kinascs on the negati ve regulatory 505 tyros ine. The 
CD45 molecul e contai ns two phosphatase domains in 
the intracellular region of the molecu le. The phosphatase 
ac ti vity see ms to be concentrated though on the first of 
these domains. In the absence of CD45 express ion. T 
ce ll s loose the abi lity to become activated through the 
TCR. The ill \·im relevance of thi s finding is shown by 
the severe defect in thymocyte development seen in mice 
unable to ex press CD45. 

CD45 phosphatase activity ca n be in creased by 
phosphorylation on tyrosine and serine res idues located 
on th e second phosphatase domain o f CD45. Inter
es tin g ly, th e p50<.:~k tyros ine kinase. that negatively 
reg ulates TC R-med iated signaling (Chow et al.. 1993) 
probably by tyrosine phosphorylation of p56lck 
(Bergma n e t al.. 1992), a lso phosphorylates CD45 
causing an increase in its phosphatase activity (M ustelin . 
1994). In addition. CD7 also phosphorylates CD45 on 
tyrosine res idues (Lazarov its et al.. 1994) . This is just a 
good example of regulation of TCR-med iated signaling 
by ph osp hata ses . a whole new area starting to be 
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Fig. 1. Distinct patterns of TCR-mediated signaling upon TCR engagement with agonist or partial agonist ligands. T cells were stimulated with peptide 
and antigen presenting celts for to minutes. Then, T ce lls were harvested and lysed. Celt tysates underwent immunoprecipitation of CD3-E with 
monoclonal an tibodies and were immunoblotted with a monoclonal antibody against phosphotyrosine. 
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unraveled (Marengere et aI., 1996; Pani et al.. 1996: Plas 
et aI., 1996). 

Evidence for differential signaling from the TCR 

Until recently, the TCR was considered a transducing 
complex with an all-or-none function depending on 
occupancy of the receptor above an affinity threshold. 
According to this simple model, signals transduced by 
the TCR were qualitatively identical and could only be 
quantitatively regulated by manipulation of the level of 
occupancy of the receptor. Several lines of evide nce 
have recently challenged this view and have provided 
strong support to the concept that the receptor is capable 
of sensing fine differences in the quality of the ligand 
that will result in differential s ignaling patterns. 

The first piece of evidence came from observations 
of split function or inhibitory effect upon engagement of 
the TCR with variant ligands (reviewed in Evavold et 
aI., 1993; Germain et aI., 1995; Jameson and Bevan, 
1995) . These variant TCR ligands were obtained after 
slight modifications of the peptide or the MHC molecule 
at the secondary TCR contact residues. Depending on 
the system, CD4+ or CD8+ T cells lost the ability to 
proliferate but still up- regulated some cell surface 
receptors and were able to produce some cytokines but 
not others, or lost some effector function such as 
cytotox ici ty. I n add ition , the interact ion between a 
variant TCR ligand and the TCR can induce activation 
of the APC and subsequent activation of some functions 
of the T cell (Matsuoka et al., 1996). Using the 
pharmacological nomenclature for different types of 
receptor ligands, these altered peptide:MHC ligands 
have been classified as partial agonists or antagonists 
depending on whether they induce only some functions 
but not others or they are capable of inhibiting activation 
by agonist ligands. 

A critical observation made during these studies was 
that some partial agonist ligands were capable of 
inducing T cell anergy in conditions in which co
stimulation was not limiting (Sloan-Lancaster et al.. 
1993). The cellular characteristics of T cell anergy 
induced by variant TCR ligands are indist inguishable 
from T cell anergy induced by TCR engagement in the 
absence of costimulation: it is cyclosporin-sensitive, 
implying a Ca++-dependent pathway, and can be blocked 
by the induction of T cell proliferation with exogenous 
IL-2 (Sloan-Lancaster et aI. , 1993; Madrenas et aI., 
1996). 

The plethora of biological effects of variant TCR 
ligands was soon followed by biochemical ev idence of 
differential signaling induced by these ligands. As 
expected, most changes occur during the early stages of 
TCR-mediated signaling at the level of tyrosine 
phosphorylation of TCR subunits. Different signaling 
patterns are observed when tyrosine phosphorylation of 
TCR subunits is examined after engagement of the TCR 
with agonist or partial agonist/antagonist ligands (Fig. I) 
(Sloan-Lancaster et aI., 1994; Madrenas et aI., 1995). 

Agonists of the TCR induce the appearance of two forms 
of tyrosine phosphorylated TCR ~ chain, and tyros ine 
phosphorylation of CD3 E. In contrast. TCR partial 
agonists and antagonists predominantly induce the 
appearance of the p21 form of phospho-TCR s. with 
much less or no phospho-p23 TCR ~ and very little or 
no phosphO-E. This differential pattern of tyrosine 
phosphorylation of TCR subunits tran s lates into 
differential downstream activation. Specifically, TCR 
agonists induce recruitment, tyrosine phosphorylation. 
and activation of ZAP-70. In contrast, TCR partial 
agonists and antagonists induce the recruitment of ZAP-
70 to the TCR complex but fail to induce tyrosine 
phosphorylation and activation of this kinase. 

The differential downstream effects induced by 
partial agonists of the TCR is consistent with the 
activation of some signaling pathways but not others. 
Fine characterization of these pathways is e lu s ive. 
Variant TCR ligands can induce acid release (a measure 
of cell activation through different pathways). cytosolic 
Ca++ fluxes, and signaling through the calcineurin
dependent pathway as indicated by the sensitivity to 
cyclosporin of their ability to induce T cell anergy 
(Sloan-Lancaster et aI., 1993, 1996: Rabinowitz e t aI., 
1996a,b). However, each of these responses have some 
distinctive features. For example, the levels of cytosolic 
Ca++ responses induced by TCR partial agonists are 
lower and shorter than those seen with agonists ligands 
(Sloan-Lancaster et aI., 1996). In addition. it has not 
been poss ible to demonstrate increases in the gencration 
of IP3 by variant TCR ligands (Ruppert et aI., 1993: 
Racioppi et aI., 1996) , raising the possibility that (if the 
sensitivity of JP1 detection is similar to that of Ca++ 
influxes) there are [P1-independent pathways of Ca++ 
release. . 

What is the determining factor for differential TCR 
signaling upon engagement with variant ligands ') Reccnt 
evidence indicates that the TCR partial agonist and 
antagonist ligands examined so far have lower affinities 
for soluble TCR than the agonist ligands (Alam et al.. 
1996; Kersh and Allen, 1996; Lyons et al.. 1996). This 
difference becomes more striking when one considers 
the much faster dissociation rates observed for partial 
agonists and antagonists (Alam et aI., 1996; Lyons et aI., 
1996). In the context of these data, it is likely that the 
mechanism of action of these variant TCR ligands can 
be explained by an affinity model (McKeithan, 1995: 
Madrenas and Germain , 1996). According to this model, 
the affinity of the TCR for its ligands determines the 
length of engagement of the receptor. The time of 
engagement will determine the assembly of th e 
appropriate signaling machinery for full signaling to 
occur. Lower affinities will correlate with shorter times 
of engagement and partial signaling with induction of 
some early signals (e.g. appearance of phospho-p21 
TCR S form and recruitment of ZAP-70) but not others 
(e.g. tyrosine phosphorylation and activation of ZAP-70) 
(Beeson et aI., 1996). This model is also consistent with 
th e findings of McConnell's group pointin g to a 
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hierarchy in T ce ll responses that would start with TCR 
~ phosphorylation and proceed to partial Ca++ flu xes, 
ac id release . full int race llular Ca++ release . and T ce ll 
proliferati on depending on the dura tion or intensity of 
TCR engagement (Rabinowitz et al.. I 996a,b). It is not 
kn ow n wheth er these res po nses wo uld be ca usa ll y 
related or would be occurring in parallel. If the latter is 
true. then one may claim di ffe rential amplification of the 
d iffe re nt pa th ways to prox im a l res po nses. and 
preservation of some responses but not others. 

We ca nn ot ignore th at th e meas urement of TC R 
affiniti es was done in so luti on, using so luble compo
nent s. and that onl y two spec ific TCR partial agoni st
antagonist ligand systems have been examined. There
fo re , it ma y be not entire ly represe nt ati ve of TCR : 
peptide: MI-I C molecule interac tions occ urring in vil'o 
betwee n T ce ll and APC and with parti c ipati on o f 
multiple accessory molecules, or of other partial agonist
antagoni st systems. In the latter cases, the di fferences in 
affinities and dissociation rates may be minor. and one 
may have to c la im o th e r mode ls to ex plain th e ir 
mec hani sm o f ac ti on e.g. a ll os teri c or a rchitec tural 
interfere nce of TCR s ignaling induced by the vari ant 
TCR ligand (rev iewed in Madrenas and Germain , 1996). 

Involvement of the CD4/CD8 co receptor molecule in 
differential signaling from the TCR 

Mos t mature T ce ll s ex press e ither CD4 or CD8 
molecules on their surface. These molecules playa co
rece pt o r fun c ti o n by bindin g res pec ti ve ly no n
polymorphi c reg ions of the c lass II or c lass I Ml-I C 
molec ul es interacting with the TCR . The co-receptor 
function in T ce ll acti va tion is twofold. On one hand , 
th ey are in vo lve d in th e s tabili za ti o n o f th e TCR : 
peptide: MHC molec ul e co mpl ex, and in thi s wa y 
contribute to the overall affinity of the TCR interaction 
with the peptide: MHC molecule complex (Luescher et 
al.. 1995: Garcia et aI. , 1996b). On the other hand , they 
parti cipate in the early signaling process by their non
covalent assoc iation with the sre-kinase \ck (Veillette et 
al. . 1988). Gi ven these two fea tures of the co-receptor 
function, it is pl ausible to suggest that the co-receptor 
molecule plays a crucial role in di fferential signaling by 
vari ant TCR ligands by linking the affinity of the TCR: 
I igand inte rac t ion with the ac ti va ti on of intrace ll u lar 
signaling pathways. The ev idence currentl y available 
supports such a role . 

The leve l of co-receptor expression can determine the 
type of T cell response to specific va riant TCR ligands . 
Increased CD4 express ion can convert an antagoni st 
ligand into an agonist ligand , and a null ligand into an 
antagonist ligand (Vidal et aI. , 1996) . In the contex t of 
th e kine ti c model of differenti a l s ignalin g, one ca n 
ex pl ain these findings by claiming that the increase in 
CD4 ex press io n is assoc iated w ith more rapid co
loca li za ti on of the CD4 molecules with the engaged 
TC R, a ll ow in g fo r TCR -CD4 co-e ngage ment with 
peptide: MHC molec ule, and th e fo rmati on o f more 

stable ac ti vating complexes. 
The role of co-receptor molecules in determining the 

pattern of T ce ll responses to peptide :MHC molec ule 
co mpl exes ca n a lso be ev ide nc ed us in g bl oc kin g 
mo noc lo nal antib odi es aga in s t CD4 o r CD8 . Fo r 
exa mple . bloc kage of CD8 function with monoc lonal 
antibodi es co nve rted a poo r antagoni st into a ve ry 
powe rful a nt ago ni s t (J a meso n e t aI. , 199 4 ) . and 
antibodi es aga inst CD4 co nve rt ed a parti a l ago ni s t 
ligand into an antagonist ligand (Mannie et aI. , 1995). 
We have recentl y demonstrated that bl ockage of CD4 
fun cti on with monoclonal antibodies or by mutation of 
the CD4 binding site on the MHC class II molecule can 
lead to the con vers ion of an agoni st response into a 
partial agoni st response , even though the ligand is not 
a lt e red ( Madrenas e t a l.. 199 7) . Thi s res po nse is 
characteri zed by a distinct pattern of signaling from the 
TCR with predominant appearance of the p2 1 tyros ine 
phosphorylated fo rm of TCR S but not of phosph023 or 
CD3-£ and by failure to acti vate ZAP-70. In addition, as 
described fo r responses to TCR parti al agoni sts, TCR 
engagement with agonist ligands in the presence of CD4 
blockage caused a split in cy tokine producti on. wi th 
inhibition of IL-2 production but relati ve preservation of 
IL-3 produ cti on , and the induction of T ce ll anergy. 
Simil ar res ult s were obtained using heterofuncti onal 
antibodies aga inst CD3 alone compared with CD3 and 
CD4 antibodies. Thus , while TCR-CD4 co-engagement 
with peptide: MHC molec ul e compl ex determines an 
ago ni st-type of res ponse, fa ilure to induce such co
engage me nt de te rmin es a parti a l ago ni st-t ype of 
response. These conclusions are consistent with recent 
data demonstrating the quantitati ve contribution of the 
co -rece pto r mo lec ul e to th e s tabili za tion o f TCR: 
peptide: MHC molecule (Garcia et aI., 1996b). 

The link between the effi c iency of TCR-CD4 co
engage ment and the TCR-dependent signaling pattern 
most likely in volves changes in the acti vity of Ick. It has 
been rece ntl y reported that the kinase ac ti vity of the 
CD4-assoc iated frac ti on of Ick is increased upon TCR 
engage ment with antagoni st ligands , similar to what is 
see n a fte r TCR e ngage me nt w ith ago ni s t li ga nd s 
(Rac ioppi et aI. , 1996). The assoc iation of antagoni st
induced increase in Ick kinase ac ti vity with decreased 
antagoni sm in the presence of monoc lonal antibodies 
aga in st CD4 ha s led to the proposa l that th e CD4-
assoc iated fraction of Ick may have a negative signaling 
effec t on the TCR-medi ated ac ti va tion process . This 
would not be occurring when Ick is sequestered with the 
anti-CD4 monoc lonal antibodies. Alternati ve ly, one 
could claim that the antibodies aga inst CD4 may further 
decrease the affinity of interaction between the TCR and 
the antagonist ligand or may have some agonistic effects 
upon acti vation of Ick and subsequent activati on through 
the TCR in agonist mode. Thi s alternative hypothesis is 
s upp o rt ed by da ta de mo ns tr atin g th a t dec reased 
ex press ion ancl ac ti vity of Ick leads to parti al TCR
mediated signaling that translates into severe defect in T 
cell proliferation but preserves cytokine production (AI -
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Ramadi et aI. , 1996). 
The in formation presented above prov ides us with a 

new base to eva lu a te th e ev ide nce supp o rtin g a 
therapeutic window fo r the use of monoclonal antibodies 
aga inst CD4 and/or CD8. It is we ll documented that , in 
rodent models of auto immunity and transpl ant atio n 
tolerance, monoclonal antibodies aga inst CD4 and CD8 
can induce a long lasting state of anti gen-specific T ce ll 
unresponsiveness, and we would claim that thi s is due to 
the inducti on of T ce ll anergy by di ffe renti a l TC R
mediated signaling (S hi zuru et al.. 1992: Alters et aI. , 
1993: Waldmann and Cobbold , 1993). Ex periments 
tryin g to address the underl yi ng mec hani sm of thi s 
phenomenon are currently underway. 

Contribution of CD45 in differential signaling from 
the TCR 

As prev iously discussed, CD45 plays a cruc ial role in 
lymphocyte signal transduction. Thu s . it is important 
to exa mine the effec ts bloc kage of C D45 on T ce ll 
fun cti on . Our int e res t has initi a ll y foc used on the 
CD45 RB isoform of thi s molec ule. We have recently 
re ported th at mi ce receiving a kidn ey a ll ograft and 
treated with a monoclonal antibody aga inst the CD45RB 
molecule (MB23G2) have a signi ficant pro longation of 
graft survival to levels comparable to the isografted mice 
(Lazarov it s e t a l. , 1996) . Re marka bl y, a diffe rent 
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monoclonal antibody against CD45RB (MB4B4) was no 
better than the ve hic le alone at preve nting rejection. 
Using sy ngeneic and all oge neic skin transplant s, we 
were able to demonstrate that antigen specific tolerance 
had bee n induced by th e effecti ve antibody aga in st 
CD45RB. [n additi on , the effec ti ve antibody aga in st 
C D45 RB was use ful to reve rse kidn ey a ll og ra ft 
rejec tion. 

The mec hani sm of ac ti on of th e e ffec ti ve anti 
CD45RB antibody is still unclea r. Several poss ib iliti es 
may be considered. First . the C D45 RB monoc lonal 
antib ody may int e rfe re w ith TC R-medi atcd s ig nal 
transdu c ti o n perh aps by s te ri c hind e ran ce. o r hy 
preventing interaction of the extracellular domain of the 
C D45RB prote in with its natural li gand . Second. the 
C D45 RB mo noc lona l ant ibody co uld ph ys icall y 
int erfe re with the int erac ti on of CD3-TCR with th e 
alloge neic histocompatibility molec ule s ince CD45 is 
known to be phys ically linked with CD3-TCR and CD7 
(Laza rov its et al. . 1994). These poss ibiliti es are not 
mutually exclusive. With these poss ibilities in mind and 
with the know ledge that CD45 is a prote in tyros in e 
ph os phatase (Trow bridge and Th omas . 1994). we 
de signed ex periments to tes t the hypothes is th at the 
mec hani s m of indu c ti o n o f to le rance by CD45 RB 
a ntib ody is re la ted to an a lt e ra ti o n in ty ros in e 
phosphorylation of T cell substrates necessary fo r signal 
transduction to occur. 

a 
9 10 

b 

10ug 

Fig. 2. MB23G2 monoc lonal antibody 
augments the tyrosine phosphorylation of 
phosph o lipase C y-1 . The A 1.1 T cell 
hybridoma was stimulated with anti-CD3 f 

mAb 2C 11 for 5 minutes at 37 °C at a 
concentration of 1 ug/ml (lanes 2 and 6). 2 
/ig/ml (lanes 3 and 7), 5/lg/ml (lanes 4 and 
8), 10 /l g/ml (lanes 5 and 9), or they were 
le ft in th e absence of 2C 11 stimulation 
(lanes 1 and 10) . For lanes 6 to 10, the 
cells were incubated in the presence of 
50 ug/ml of MB23G2. The cells were 
lysed and Iysates underwen t imm uno
precipitation with phosphotyros ine mAb 
PY72 and immunoblotted with antibodies 
to PLC y-1 (panel A). Location of PLC '1-1 
is ind icated by the arrow . Panel B 
represents meas-uremen ts obta ined by 
densitometry from the blot in panel A. The 
histograms are ratios of adjusted volumes 
of MB23G2 and 2C1 1 coincubation : 2C1 1 
alone or no 2C11 as the case may be. 
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As shown in figure 2, in the presence of the effective 
MB23G2 monoclonal antibody, there is an increase in 
tyrosine phosphorylation of phospholipase C (PLC) y-I. 
The ineffective antibody MB4B4 had no effect on 
tyrosine phosphorylation of PLC y-I. It is interesting to 
point Ollt that anergic T cells have an increase in the 
levels of tyrosine phosphorylation of PLC y-I (Gajewski 
et al., 1994) as well as of tv59fyn, with increased 
functional activity of p59 yn (Quill et al. , 1992; 
Bhandoola et aI., 1993; Cho et aI., 1993). In addition, 
anergic T cells show a decrease in tyrosine 
phosphorylation of p56kk and ZAP-70 with decreased 
activity of these PTKs, probably as a result of decreased 
and /or altered TCR-mediated signaling leading to 
decreased tyrosine phosphorylation of certain CD3 
polypeptides (Quill et aI., 1992; Bhandoola et aI., 1993; 
Cho et aI., 1993; Migita et aI., 1995). Our data are 
provocative, and suggest that certain stimuli delivered 
through CD45RB induce tolerance by rendering the 
alloreactive T cells anergic. 

Although the relationship between the changes in 
tyrosine phosphorylation induced by the MB23G2 
monoclonal antibody against CD45RB and the induction 
of long - term graft acceptance is not known, it is 
reasonable to speculate that the latter is the result of a 
pattern of partial T cell activation induced by this 
antibody and similar to that caused by some TCR partial 
agon ists. Given the upstream role that CD45 plays on 
activation of Ick, one could argue that this may occur by 
causing co-sequestration of CD45 and CD4 or any other 
molecule critical for full TCR-mediated signaling 
(Lazarov its et aI., 1992, 1994), and leading to a partial 
activation of the CD4-associated fraction of this kinase. 
Alternatively, one could c laim that the antibody blocks 
the phosphatase activity of CD45 or any other function 
that may regulate TCR-mediated signaling. As a result 
of partial T cell activation, T cells become anergic . A 
major issue that needs to be addressed is why this effect 
is observed with this particular antibody against the 
CD45RB isoform and it is not shared by another 
antibody against the same isoform. 

From biochemistry to transplantation tolerance 

An alternative vision of TCR-mediated signaling is 
emerging . This involves a versatile signal transduction 
machine, able to sense small changes in the quality of 
the ligand, and translating those changes in differential 
activation of T cells. This results in different responses 
ranging from full T cell activation with cell proliferation, 
and cytokine production, to inhibition of on-going 
responses, to T cell anergy. This versatility of the TCR 
may be operational in physiological events such as 
during development of the T cell repertoire in the 
thymus through positive and negative selection, or in the 
maintenance of peripheral T cell tolerance. 

The current challenge is to apply this new knowledge 
in therapeutically feasible strategies. Structural 
information from dissection of TCR epitopes implies 

that there are some general principles for peptide binding 
to MHC molecules (Ljunggren and Thorpe, 1996; 
Nelson et aI., 1996) and these may be va lid for the 
generation of variant TCR ligands with partial agonist 
and antagonist properties in high frequency (as high as 
50% of all substitutions in a particular residue (Chen et 
aI., 1996; Hsu et aI., 1996)). However, it is still unclear 
how restrictive TCR recognition will be as to limit the 
validity in polyclonal or even in o ligoclonal responses . 
In this sense, the knowledge coming from studies 
manipulating the formation of activating complexes with 
monoclonal antibodies against CD4, CDS, or CD45 may 
be more applicable in the short term to reproduce the 
effects seen with engagement of the TCR with variant 
TCR ligands in in vivo situations. The estab li shment of 
reliable and reproducible protocols to attain this outcome 
will certainly be a major achievement. 
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