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1. ABSTRACT  
 

T cell antigen recognition is a special process.  
The complicated bindings between T cell receptor (TCR) or 
co-receptor (CD4 or CD8) and antigen peptide-major 
histocompatibility complex (pMHC) molecules have 
specific physiological significance.  Recent reports show 
that different recognition models do exist in recognizing 
pMHCs by a single T cell.  These different recognition 
mechanisms allow a single T cell to identify ‘self’ from 
‘non-self’ and result in different biological consequence. 
 
2. DISCUSSION 
 

The pattern of T cells recognizing and binding 
antigen peptide-major histocompatibility complex (pMHC) 
molecules through the receptor complex including T cell 
receptor (TCR) and the co-receptor (CD4 or CD8 molecule) is 
unique and different from other ligand/receptor recognition 
mechanisms.  In CD4+ T cells, the TCR binds both a peptide 
and the polymorphic region (α1 and β1 domain) of MHC-II 
molecule and CD4 molecule (as the co-receptor interacting 
with p56lck kinase) binds a constant region (β2 domain) of 
the MHC -II molecule at the same time (canonical model, 
Figure 1A).  The recognition pattern of T cells is 
characterized by several features, such as MHC restriction 
and promiscuity or degeneracy (1), which are special and 
complicated.  It seems that the restriction and the 
promiscuity will not be necessary for recognizing an 
invader and will cause the damage in recognizing 
efficiency or specificity in immune response.  Thus, the 
question is whether evolution of the interactions between 
co-receptors and MHC molecules has any potential 
significance which remains to be investigated. 

 
We know that there are different types of 

recognition patterns in T cells, including ‘peptide-centric’ 
and ‘MHC-centric’ types (2).  Regarding to the function of 
CD4 molecules in the recognition of pMHCs in T cells, 
Vidal et al. demonstrate several types of T cell recognizing 
models (3).  They generated CD4-deficient and CD4+ cell 
lines of T cells, which express the same specific TCR.  As a 
result, the CD4+ T cells respond to both specific agonist 
peptides  (high affinity agonists) and altered agonist 
peptides (low affinity agonists), and a CD4-deficient cell 
line (3.L2-∆CD4) respond ‘vigorously’ to specific agonists 
but not to the altered agonist peptides.  

 
 
 
 
Surprisingly, they found that CD4 could increase 

responsiveness of CD4-deficient cell line to high affinity 
agonists less, but to low affinity agonists better.  Moreover 
this function of CD4 is dependent on its binding to MHC-II 
molecules, but not to p56lck.  These findings imply that 
there are different recognizing patterns for a single clone of 
T cells to pMHCs, including the TCR (without CD4) model 
(Figure 1B) and the TCR-CD4 (CD4 as a linker) model 
(Figure 1C), which are different from the canonical models.  

 
A pseudodimer model (Figure 1D) has also been 

proposed (4).  The basic signaling initial unit involves two 
TCRs, one or two CD4 molecule, one MHC molecule with 
an agonist, and a second MHC molecule with a self 
peptide.  In this model, CD4 molecule serves as a linker 
and makes two TCRs dimerization to enhance biochemical 
singnaling (5).  This model is supported by the finding that 
there are many endogenous pMHC molecules accumulated 
in the immunological synapse (the necessary structure for 
agonist pMHC to activate naïve CD4+ T cells) and is 
consistent with several other reports (6,7). 

 
Recently, Colf et al. (8) reported that a single 

TCR recognizes the self pMHC and foreign pMHC (cross-
reacting or alloreactivity) by divergent mechanisms.  It is 
speculated that the different basic recognition models may 
play a role in the development or differentiation of CD4+ T 
cells, the key master for both adaptive immune response to 
antigens (as ‘non-self’) and immune tolerance to other 
antigens (as ‘self’).  It has also been reported that T cell 
recognitions may induce the differentiation of T cells.  
Pennington et al. (9) examined the early events affecting T 
cell development in the thymus.  They found that the 
propensity of early TCR-αβ T-cell progenitors to Treg cells 
may be regulated at the double-negative stage (without 
CD4/CD8 molecule) of T cell development.  

 
The different recognizing models of CD4+ T cells 

simplify the explanation why or how specificity and 
promiscuity of its recognition, self tolerance and allograft 
reaction can coexist. We propose that it also suggest a 
possible mechanism for a vertebrate to differentiate ‘self’ 
from ‘non-self’ by a single CD4+ T cell.  At least if CD4 
molecule plays divergent roles, such as in a TCR 
recognizing peptide packed homo-type MHC molecule as a 
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Figure 1. Patterns for the initial recognition of antigen peptide loaded MHC by T cells. In the canonical model (A), both a TCR 
and a CD4 molecule (as co-receptor) recognize a single pMHC molecule. In the TCR model (B), a TCR can recognize a pMHC 
molecule with specific peptide ligand. In the TCR-CD4 (CD4 as a linker) model (C), TCRs can recognize pMHCs molecule 
harboring a weak agonist peptide, and the CD4 molecule(s) serving as a linker to TCRs and forming a dimer. In the pseudodimer 
model (D), two TCRs binds an agonist pMHC and a lower-affinity peptide loaded MHC molecule respectively, and the CD4 
molecule (as a linker) connects two TCRs molecules. 
 
co-receptor but in the TCR recognizing peptide packed 
hetero-type MHC molecule (cross-reaction) as a linker, will 
offer different biological effects.  It is apparent that the 
CD4 molecule as a co-receptor in T cell recognitions will 
interfere with the dimerization of TCRs, while the CD4 as a 
linker will promote TCRs to form a dimer or even a 
polymer and then initiate immune responses as found in 
many other receptor systems.  This means that a single 
clone of CD4+ T cells may identify some ‘self’ type MHC 
from the other ‘non-self’ type MHC by different 
recognition models as there are different MHC molecules 
in a normal individual.  This novel interpretation will help 
us understand the complicated immunology phenomena 
(10), such as the co-existence of negative selection and the 
development of nature Treg cells in the thymus, the 
immunological anergy and autoimmunity, the 
polymorphism of MHC molecules and MHC restriction.  
Most importantly, it will help us explain the origin and the 
evolution of immune system.  

 
We have previously reported that the different 

MHC molecules might be the markers of the phase 
development or metamorphosis development and that the 
original function of the immune system is to regulate the 
metamorphosis in primary vertebrate (11-12).  Taken 
together, all these theories will lead to the further 
investigation and better understanding the origin and 
mechanism of immune system. 
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