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Abstract 

The T-cell antigen receptor complex ( T C R / C D 3 ) is a cell surface structure that defines 
the T lymphocyte lineage, where it fulfills two basic functions, namely antigen recogni
tion and triggering of signals needed to mount adequate responses to foreign aggression 

and/or to undergo differentiation. Knowing the precise structure of the complex in terms of its 
components and their relative arrangement and interactions before and afi:er antigen recognition is 
essential to understand how ligand binding transforms into functionally relevant T-cell responses. 
These include not only full responses to foreign peptide antigens by mature T-cells, but also other 
phenomena like modulation of T-cell activation with altered peptide ligands, positive and negative 
selection of thymocytes, alloreactivity and autoimmune reactions. 

A wealth of new data has accumulated in recent years on the structure of TCR/antigen 
complexes and C D 3 polypeptides and on the stoichiometry of the T C R / C D 3 complex and 
intersubunit interactions. In this review, we discuss how these data fit into a meaningful model 
of the T C R / C D 3 function. 
Introduction 

In the T C R / C D 3 complex, antigen recognition and signal triggering functions are carried out 
by two distinct molecular modules: the T C R chains are responsible for antigen recognition and the 
invariant C D 3 (CD3£, C D 3 Y , CD36) and CD247 (^) chains are in charge of signal transduction 
(Fig. 1) (reviewed by refs. 1-6). 

The T C R antigen recognition unit exists in three distinct molecular species. In humans and 
mice, most mature T-lymphocytes express TCRs composed of two class I membrane glycosylated 
polypeptides termed a and p (aPTCRs) . The overall organization of the extracellular region of 
these TCRs is similar to that of antibody Fab fragments. Each chain contains one variable (V) and 
one constant (C) Ig domain linked by a disulfide bridge. Some peculiarities of the chain include 
the flexibility of the external sheet (CFG face) of the small C a which does not adopt a standard 
Ig structure, the high interaction surfaces between C domains and intrachain C-V domains and 
the small C-V angle of the T C R (3 chain." The Ig-like domains of the T C R a and (3 chains are 
followed by a stalk of 19 (ot chain) or 15 (p chain) residues, a 22-residue long transme mbrane 
(TM) domain containing two (a ) or one (P) basic residues and a short 4-10 residue long intracel
lular region (Fig. 1). 

On the cell surface, the T C R antigen recognition module is noncovalently associated with the 
invariant C D 3 £, 6 and y polypeptides and the t, (CD247) homodimer (Figs. 1,2). These chains 
are needed to transform ligand binding by the T C R module into signals inside the cell. The C D 3 
and t, chains are also involved in regulating the expression of the T C R / C D 3 complex on the cell 
surface (reviewed by refs. 1,2,8). 
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Figure 1. A schematic view of the components of TCR/CD3 complexes. TCR variable (V) 
and constant (C) domains are as indicated. Grey circles represent N-linked glycans (human 
Ca Asn,i85 Cp Asn,i86 pTa Asn,5i Cy Asn,i84 or C6 Asn,i35 CDSy Asnjo and Asn,7o CD36 Asnie 
and Asn52). Arrows indicate the position of the extended F-G loop of TCR p chains. Disulfide 
links are indicated by grey bars. Acidic and basic residues in the transmembrane (TM) region 
are indicated by circles. PA: palmitic acid. The binding site for OKT3 and UCHT1 in C D 3 E 
is shadowed. Diamonds indicate the approximate location of N-termini in CD3 chains. The 
proline-rich region in the cytoplasmic tail of CD3e is indicated by a white box; open circles 
indicate ITAM Tyr residues. Where indicated, the number of amino acid residues (aa) refers 
to the cytoplasmic domain. 

CD3 polypeptides possess an Ig-like ectodomain, a ten-residue long connecting peptide and 
the TM region that contains one acidic residue. The disulfide-linked homodimeric ^ chains also 
contain one acid residue in their TM region and have a short nine-residue long extracellular 
domain. Unlike TCR a and (3 chains, CD3 and ^ chains possess relatively large 45-110-residue 
long intracytoplasmic domains that contain immunoreceptor tyrosine-based activation motifs 
(ITAMs), polyproline motifs, endoplasmic reticulum (ER) retention and endocytosis motifs 
involved in transmembrane signaling '̂̂ ^ and cell surface receptor expression '̂̂ '̂  (Fig. 1). However, 
it is unlikely that these intracytoplasmic domains have a significant role in the noncovalent interac
tions between the short-tailed TCR a and (3 chains and the CD3 and ^ chains, at least in those 
needed for surface expression of the TCR/CD3 complex.̂  ̂ ^̂  

Although most T-lymphocytes express a(3 TCRs, a minor subpopulation of functionally 
distinct mature T-cells expresses TCRs that contain y and 6 polypeptides homologous to the 
TCR |3 and a chains, respectively (Fig. 1). Like in immunoglobulins, the observed diversity in the 
N-terminal V domains of the TCR a, p, y and 6 chains is due to clonotypic rearrangement of V, 
D and J segments of the relevant genes. T-cells are developmentally selected to express aP TCRs 
that specifically recognize short antigenic peptides bound to Major Histocompatibility Complex 
molecules (peptide-MHCs; pMHCs) on the surface of antigen-presenting cells (APCs). The yS 
TCR-expressing cells (y6 T-cells) also bind antigens on the surface of APCs. However, unlike 
apT-cells, y6 T-cells do not show restriction by polymorphic MHCs but recognize nonclassical 
MHC alone or in complexes with small phosphate-containing bacterial antigens.̂ '̂ ^ 
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Figure 2. CDS heterodimer structure and interactions. A) Scheme of the Ig-domain p-sheet 
structure in human CDSey and CD3e6 dimers. Black dots represent Cys residues in RxCxxCxD 
motifs of CD3 stalks. Circles represent N-linked glycans. B) A model of TCR-CD3 subunit 
interactions. ^ dimers and the cytoplasmic domains of CD3 are omitted for clarity. Other 
symbols and indications are as in Figure 1. Modified from references 18, 20, 21. 

During differentiation, double negative (DN) thymocytes express TCR p chains complexed to 
a polypeptide with a long intracellular domain and a single extracellular C domain homologous to 
C a (pTa) (Fig. 1). All a p and 76 TCR/CD3 complexes share the C D 3 E and £ polypeptides and 
expression of these signaling modules best characterizes the T-cell lineage. This is possibly due to 
the unique, nonredundant function of C D 3 E and ^ in blocking ER retention signals. 

Minimal Components and Stoichiometry of the TCR/CD3 Complex 
The minimal components of TCR/CD3 complexes, their number and their organization 

within the complex are essential to understanding the mechanisms of ligand-induced activation. 



Multichain Immune Recognition Receptor Signaling 

In this regard, the structure of the a p TCR/CD3 complex is among the best studied examples. 
In addition to the a and (3 antigen recognition units, mature a p TCR complexes contain C D 3 E , 
CD36 and C D 3 Y polypeptides as well as ^ homodimers. C D 3 E binds noncovalently with CD36 
and C D 3 Y ^ ^ mutually exclusive manner, yielding C D 3 E 6 and CD3EY heterodimers.^^^^ Results 
from the coprecipitation experiments performed using human CD3E-transfected mouse T-cells 
or human CD3E-transgenic mice suggest that the TCR/CD3 complexes contain two C D 3 E 
chains.̂ '̂̂ ^ Gel-shift analysis of the TCR-CD3 complexes bound by antiCD3 Fab fragments 
supports this notion.̂ "^ 

The number of TCR antigen recognition units in each minimal TCR/CD3 complex has been 
the matter of long debate. Charged TM residues are known to be important for the stability of the 
complex and, as expected theoretically, two aP TCR units should be presented in the complex 
(aP)2:EY:E6:^^ in order to mantain electrostatic equilibrium in the TM region. Estimation of the 
binding sites for antiTCR or anti CD3 antibodies yielded conflicting TCR:CD3 ratios between 
1:1 and 1 -.IP'^'^ Association of the TCR a and P chains with either C D 3 E 8 or CD3EY during the 
TCR/CD3 complex assembly indirectly supported a 1:1 ratio for TCR:CD3 chains.̂ ^ This ratio 
was also supported by the finding of a unique lodging site for CD3 dimers in a "cave" beneath 
the F-G loop of the C domain of the TCR p chain (see below).^° Further experimental evidence 
was obtained from co-immunoprecipitation and fluorescent resonance energy transfer (FRET) 
studies performed on the T-cells expressing two different TCRs.^^ 

However, gel-shift studies of complete TCR complexes solubilized in digitonin provide 
convincing data that under these experimental conditions the ratio of TCR aP chains to CD3 
heterodimers is hl?^ Analysis of the TCR/CD3 complex assembly in vitro shows an interaction 
of TCR P chain with CD3£y and TCR a chain with C D 3 E 8 and ^^. These data suggest that in 
the TM milieu each basic residue in the TCR chains interacts with two acidic charges of the CD3 
or ^ dimers.̂ '̂ '̂̂ ^ Thus, current data strongly favor a minimal monovalent ap:EY:E8:^^ TCR/ 
CD 3 complex. 

TCR Clusters on the Cell Surface 
By blue native electrophoresis of isolated TCR/CD3 complexes, immunostaining and electron 

microscopy (EM) of fixed cells, TCRs have been shown to exist as monovalent complexes and 
multivalent clusters.̂ "̂ '̂ "̂  On the cell surface, these cholesterol extraction-sensitive clusters form 
linear structures of closely packed TCR and CD3 units.̂ '̂  The mean valency of these complexes 
varies among different T-cells and this variability is not determined by the nature of the TCRs 
or their antigen specificity.̂ *̂̂ "̂  The degree of multivalency is likely to impact the initiation and 
maintenance of TCR-mediated signals.̂ ^ Consequently, it will be of great interest to determine 
the factor (s) regulating the multivalency of TCR complexes and the relative orientation of the 
monovalent units within the multimers. Functionally, it is striking that the presence of these 
high-order structures of closely packed TCRs on the cell surface does not lead to a permanent state 
of T-cell activation. Cross-linking of TCRs is essential to signal triggering and it has been proposed 
as the main, if not the only, factor in TCR activation.^^ The fact that TCR multimers exist in the 
absence of detectable activation argues in favor of a nonrandom, ordered structure within these 
linear multimers. This organization may preclude spontaneous TCR activation, suggesting the 
importance of intermolecular orientation in modulation of cell activation. 

Topology of Chain Interactions within TCR/CD3 Complexes 
The structural analysis of a large, multichain structure like the TCR/CD3 complex is a formi

dable task. Recendy, invaluable information on the molecular and structural mechanisms of antigen 
recognition was obtained from structural studies of the ectodomains of CD3 components and 
about 40 aP TCR units and more than 20 aP TCR/pMHC complexes.̂  These structural data, 
together with biochemical and functional data, shed light on the position and relative orientation 
of each chain within the complex. 
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The crystal structure of the TCR, alone or in a complex with the Fab fragment of the H57 
antiTCR antibody, localized one possible docking site for CD3 dimers in a "cave" beneath the 
F-G loop of TCR P chain, sided by the C a A-B loop that contains an exposed lysine residue 
and the glycan at the Asni85.̂ '̂ °'̂ ^ The size of this cave seems to be sufficient to harbor one small, 
nonglycosylated Ig domain like that of CD3e. Furthermore, it contains basic residues that could 
interact with the negatively charged surfaces of C D 3 E . H57 antibody has been shown to bind to 
the F-G loop of TCR C|3 and inhibit the binding of antiCD3 antibodies to at least one of the two 
CD3 dimers in the TCR/CD3 complex.̂ ^ Partial inhibition of antiCD3 binding by clonotypic 
antiTCR antibodies has been also observed in other systems.̂ ^ These data confirm the intimate 
relationship between the TCR and CD3 ectodomains. 

The interactions between the CD3 and TCR units can help reconcile other experimental data. 
For instance, the ectodomains of CD3e, C D 3 Y and CD36 all have an elongated shape; sized about 
40x25x25 A for CD3e and CD3Y, while the CD38 molecule is slighdy wider.̂ '̂̂ ^ Mouse CD3e 
and C D 3 Y ectodomains have a C2-set Ig-fold, whereas human CD38 and CD38 have a CI-set 
Ig-fold (Fig. 2)}^'^^ The ectodomains interact mostly through their G strands and the contacts in 
a continuous (3 sheet along the dimerization interface result in a rigid "paddle-like," 50-55A wide 
structure.̂ '̂̂ ^ The short 10-residue stalk region connecting CD3 ecto- and TM domains, contains 
the RxCxxCxE motif conserved in all CD3 chains. This motif may contribute to the interactions 
between the CD3 chains and add rigidity to the extracellular CD3 structure, bringing the CD3 
TM regions in close proximity to the TCR TM regions to allow interactions between relevant 
acidic and basic residues.̂ '̂̂ '̂̂ ^ Together, these data suggest that the CD3 ectodomains are very 
close to and underneath the TCR a and P C domains. However, despite the close proximity of 
these ectodomains, no direct interactions between soluble ectodomains of the TCR a and p chains 
and CD3 heterodimers have been detected.̂ ^*^̂  

Three- and four-chain assembly studies using an in vitro translation system show that the TCR 
a chain interacts with one C D 3 E 6 heterodimer, whereas the TCR P chain binds to one CD3eY 
heterodimer.^^ A unique role of the extracellular domain of C D 3 Y chain in the TCR/CD3 complex 
assembly has been also suggested.̂ ^ In addition, association of the CD388 heterodimer with the 
TCRap unit is lost in cells expressing the TCR a chain in which an original stalk region with 
the FETDxNLN motif is substituted by the shorter TEKVN sequence presenting in a TCR 8 
chain.̂ '̂"̂ ^ The favored association of CD388 with TCR a and the proximity of CD3eY to TCR 
P, as shown by chemical cross-linking,^^ and mutational analysis of TCR CP F-G loop,̂ ^ indicate 
that the CD38Y heterodimer usually occupies the site close to the TCR P chain. According to 
docking models, the probable location of CD38Y in one specific site suggests that another CD3 
heterodimer, CD88, might be located on the opposite, free of interfering glycan side of the TCR/ 
CD3 complex. This potential site of CD38Y location could include part of the exposed faces of 
the TCR a and P chainŝ '̂̂ ^ and conserved regions of the TCR a chain facing the membrane or 
close to it.̂ ^ 

Mouse Y8 TCR/CD3 complexes have been reported to contain only CD38Y, but not CD388 
heterodimer.^'^^ This is in agreement with the normal development of Y8 T-cells in CD38'^' mice.^ 
Interestingly, Y8 TCR/CD3 complexes still maintain the stoichiometry of two CD38-containing 
CD3 heterodimers per complex."̂ ^ Perhaps because of the common evolutionary origin of C D 3 Y 
and CD38,'^ there is a certain degree of functional and structural redundancy of these chains vary
ing among species. For instance, CD38^ mice develop Y8 T-cells, whereas humans with CD38 
deficiency do not."̂ ^ Quite the contrary, CD3Y-deficient humans, but not mice, produce some Y8 
T-cells (Regueiro, J.R. personal communication). The eventual incorporation of ̂  dimers into the 
partial TCR/CD3 complex allows export of the mature complexes to the cell surface (reviewed by 
re£ 8). Charged residues in the t, TM domain interact with the TM region of the TCR a chain.^ 
Additionally, the short extracellular region of ̂  and a conserved TM Tyr residue of the TCR P chain 
also have been suggested to contribute to the TCR/CD3 complex assembly and function.'̂ '̂̂ ^ 

The structures of human CD38Y and CD388 complexed to the anti-CD3 antibodies OKT3 
and UCHTl have been determined.̂ '̂̂ ^ Both antibodies bind exposed overlapping regions mainly 
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located in the CD38 C'-CFG sheet. In human C D 3 Y and CD36, N-glycosylation sites are located 
in the C D 3 Y B - C loop, on top of C D 3 Y G strands and in the CD36 F-G loop (Fig. l)}^'"-^ This 
su^ests that the conserved C D 3 E ABE strands are most likely to interact with the TCR unit under 
Cp FG loop. This arrangement brings the acidic residues conserved in the N-terminal sequence 
and D-E loop of human CD3e (or in the C'-D loop in mouse C D 3 E ) close to basic residues in the 
TCR unit (Fig. 2). Additionally, in this arrangement much of the C D 3 Y or CD36 extracellular 
domains face the cell membrane and thus remain inaccessible to antibody binding. 

Binding of monovalent Fab fragments of anti-CD3 antibodies OKT3 or UCHTl , but not 
anti-TCR p chain JOVI.1 Fab fragment, to the TCR/CD3 complex induces association of the 
adaptor protein Nek to the cytoplasmic domain of the C D 3 E chain.^ This su^ests that the binding 
of the monovalent anti-CD3 antibodies may change TCR-CD3 interactions in a way resembling 
physiological TCRligands.^ Thus, although it is assumed that OKT3 or UCHTl antibodies bind 
to an exposed face of CD3e, it is possible that full exposition of the relevant epitopes is achieved 
upon conformational change during the binding process as suggested by Kjer-Nielsen et al.̂ ^ 

Interactions between the TCR and Antigen—Role of CD4 and CDS 
Coreceptors 

Antigen peptides recognized by a p TCR are located in a "groove" formed by two alpha helices 
and a beta-sheet floor in domains a l and a2 of class I MHCs or in the homologous domains a l 
and pi of class II MHCs. The position of aP TCRs is approximately perpendicular to the plane 
defined by the peptide and the alpha heUces on the top of a 1 and a2 domains or a 1 and P1 domains 
of MHCs class I and II, respectively.̂  T-cells that recognize peptides bound to class I MHCs express 
the CD8aP coreceptor, whereas those recognizing peptides bound to class II MHCs express the 
CD4 coreceptor (Fig. 3). Coreceptors are strongly associated with Ick tyrosine kinases and provide 
these enzymes to the TCR-mediated signaling pathways, thus setting a biochemical basis of the 
linkage between CDS and CD4 expression and MHC class I or class II restriction.^^ 

The interaction between the relatively flat and oblong—with a size of about 40x20 A—CDR 
surface of aP TCR V domains and the pMHC complex takes place in a precisely oriented fash
ion. With some angle variation among different TCR/pMHC pairs, the long axis of this surface 
is centered diagonally to the groove formed by the two alpha heUces of the N-terminal domains 
of MHC molecules^ (reviewed by ref 5). The highly variable CDR3 loops are the main, but not 
exclusive, zone contact with solvent-exposed side chains of the antigenic peptide, whereas CDRl 
and CDR2 tend to interact with the less variable a helices of MHC molecules. The reasons for 
the diagonal orientation of the TCR to the pMHC in the complex are not known. The mode of 
interaction of a given CDRloop with MHC or peptide residue varies among known TCR/pMHC 
complexes, making unlikely an intrinsic affinity of CDRl and CDR3 of each V domain for MHC 
molecules. CDS and CD4 interactions with MHC molecules can restrict the orientation of the 
TCR recognition unit toward the antigen peptide complexed to the same MHC molecule, thus 
setting permissive limits for optimal activation. In class I MHCs, the major binding site for CDS 
V-like domains of CDSaa dimer is located in the C-D loop of the a 3 domain, close to the APC 
membrane.^^ The about 40-residue long disulfide-linked connecting peptide of CDS is thought 
to have relative flexibility and might be located close to the TCR/CD3 complex. In fact, there is 
biochemical evidence for an interaction between CDSap dimers and the CD36 chain.̂ '̂̂ "̂  

CD4 has four IgSF ectodomains and interacts with MHC molecules through its N-terminal 
Dl V-like domain. The CD4 binding site on class II MHC molecules is located at the junction 
of the al and P2 domains and is oriented similarly to that for binding with CDS.̂ ^ The intact 
soluble CD4 crystal structure reveals that D1-D2 and D3-D4 form rigid rods and two CD4 mol
ecules dimerize through the D4 membrane-proximal domains.^^ Based on the crystal structure of 
a complex containing the human CD4 N-terminal two-domain fragment and the MHC class II 
molecule, ternary complexes of TCR and CD4 bound to one single peptide-MHC molecule were 
modeled, suggesting that both TCR and CD4 are tilted to the T-cell surface rather than oriented 
vertically.̂ ^ The relative orientation of TCR and CD4 and the position of the membrane-proximal 
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Figure 3. Models for the intercomponent interactions in the ap TCR-peptide-MHC class 
ll-dimeric CD4 complex (left panel) and in the yb TCR(G8) dimer-peptide-MHC class I (T22) 
complex (right panel). The region of MHC-CD4 interaction interface is shown as a shadowed 
circle. The aP TCR and yb TCR units are as in Figures 1 and 2. CD4 dimers rearrange and 
exchange part of their D2 domains, forming "swapped" disulfide-linked domains. The yb-yb 
domain interactions are mediated by V6 domains facing each other. The TCR y and b chains 
in the back are shown in grey and white, respectively, with glycans shown as black circles. 
Adapted from refs. 16,58. 

D3-D4 C D 4 domains have been thought to prevent T C R - C D 4 interactions in the same com
plex. However, D4- and D2-mediated C D 4 dimerization has been recently reported to be very 
relevant to the C D 4 coligand and coreceptor functions.^^'^^ In the D2-mediated dimerization, a 
large conformational change takes place whereby, in a C D 4 dimer, D2 domains swap their parts 
(the so-called D2 swapping) and form two interchain disulfide bonds involving Cys^o and Cysi59 
of each C D 4 monomer (Fig. 3).̂ *̂  This rearrangement does not interfere with the D l binding to 
M H C or with the C D 4 dimerization through D 4 domains. Under these conditions, in ternary 
T C R - p M H C - C D 4 complex, the C D 4 D3-D4 domains are oriented towards the p M H C - T C R 
so that Lys279 iri C D 4 D3 is in close range with GIU59 located in the M H C p i alpha helix (Fig. 
3).̂ *̂  Thus, C D 4 might orientate close to the 6 chain of the CD36E heterodimer^"^ and distal to 
the cave beneath the T C R P chain FG loop.^^ This might explain the functional data suggesting 
the proximity of C D 3 and C D 4 during TCR-mediated cell activation.^^'^^ Formation of this 
trimolecular T C R / C D 3 / C D 4 complex with the T C R unit tilted to the T-cell membrane upon 
p M H C recognition suggests that C D 4 dimers may function as active cross-linkers between nearby 
T C R / p M H C complexes (Fig. 3). As mentioned above, the assumption that T C R clusters exist 
on the cell surface as ordered structures could impose a restriction on the orientation of a P T C R 
cross-linking upon antigen recognition and this restriction would be independent, but not mutu
ally exclusive, on the restrictions posed by coreceptors. 

Other TCRs 
The recently reported structure of the G8 yb T C R in complex with its ligand, the nonclassical 

M H C molecule T22^^ (reviewed by ref 5), suggests that antigen- mediated ordered cross-linking 
of TCRs and their following reorientation (tilting) toward the T-cell surface may both play a 
role in productive T-cell activation. Compared to a p TCRs, the yb TCRs have some distinctive 
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features, including a canonical Ig C-fold of 6 chain C domains and a normal F-G loop in y chains 
which have a very acute interdomain angle of 41°. The interaction of G8 with T22 is dominated 
by the prominent CDR3 6-chain and is neither centered nor vertical on top of T22. Furthermore, 
there is no diagonal orientation of the CDRs toward the MHC molecule. Still, T22-interacting 
G8 TCRs are likely to dimerize so that the productive antigen recognition may be a result of 
a precisely ordered structure formation with bridging noncontiguous MHC molecules and 
re-orientation of the yS TCRs relative to the T-cell surface (Fig. 3), as for aP TCRs in the pres
ence of coreceptors. Interestingly, many 78 T-cells do not express coreceptors which reinforces 
the idea that coreceptors contribute to constraints on the orientation of TCR/MHC interactions 
permissive for productive activation. 

No ligand has been defined for preTCR complexes and the structure of the pTa ectodomain 
complexed with the TCR (3 chain has not been determined, although it is assumed that this struc
ture should be similar to that of a(3 TCRs. It is known that pTa is susceptible to palmitoylation 
(Fig. 1) and preTCRs are resident in rafts with constitutive signaling.̂ ^ 

Are All TCRs Equal, or Are Some TCRs More Equal Ihan Others? 
Aside from the differences in the TCR V domains, some qualitative differences have been noted 

in the TCR/CD3 complexes expressed by T-cells of different lineages or in distinct differentiation 
steps. For instance, the relative abundance of CD38 and C D 3 Y within the cells might have an 
impact on the proportion of these chains in TCR/CD3 complexes. ̂ '̂̂ ^ As mentioned before, in 
mouse Y8 T-cells the TCR complexes contain CD3EY but not C D 3 E 8 heterodimers."^"^^ Also, the 
C D 3 Y chain in activated mouse Ŷ  T-cells is so heavily glycosylated that it was mistaken for the 
CD38 chain. In addition, these Ŷ  T-cells have been shown to incorporate FCERIY chains instead 
of ^ chains."̂ '"̂ ^ Ectodomain glycosylation can have an important impact on the shape and size of 
the TCR unit and C D 3 Y and CD36 chains, setting physical limits to their interactions with other 
molecules.^^ Thus, while anti-CD3 WT31 antibody binds to a p T-cells, its binding to Ŷ  T-cells 
is only possible upon deglycosylation. Epitope scanning of anti-CD3 binding sites in normal 
CD4^ or CD8^ human cells have also detected strong dependence of binding on glycosylation.^^ 
The UCHTl antibodies bind to CD4+ cells better dian to CD8^ cells whereas the RW2-8C8 
antibodies bind better to CD8^ than to CD4^ cells. These differences are linked to differential 
glycosylation of the TCR/CD3 chains in each subset.̂ ^ 

Another source of variability among different TCR/CD3 complexes comes from the results 
on stepwise proteolytic degradation of the acidic residue-rich, N-terminal sequence of mouse or 
human CD3E (ref. 64 and Bello R et al, unpublished data). As analyzed by isoelectric focusing, 
different T-cells present a distinct profile of C D 3 E isoforms (Bello R et al, unpublished results). 
Loss of the negative N-terminal charges weakens interactions between the TCR and CD3 units,^ 
facilitates the recognition by certain anti-CD3 antibodies,^ and might lower the threshold for 
TCR activation (Rojo J.M et al, unpubUshed results). Because of the weak association between the 
ectodomains of the CD3 and TCR units, all these variations might affect the quaternary changes 
upon TCR Ugation and thus contribute to fine-tuning of the TCR-mediated responses. 

Future Directions 
Although future developments cannot be anticipated, it is safe to say that current interests 

include establishing the precise topology of the TCR/CD3 complex ectodomains and particu
larly the exact sites and modes of interaction between the TCR antigen recognition unit and the 
CD3 signaling heterodimers. Other important topics include the nature and mechanisms of the 
structural changes/re-arrangements in the TCR/CD3 complex organization upon ligand stimu
lation with qualitatively different TCR ligands. The past history of structure-function studies of 
antigen recognition by T-cells has been a surprise box to immunologists and surely there are still 
many surprises to come in the future. 
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