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N.B.: Adapted from Glusman et aI., Immunity 15(3}:337-349 

Figure 1. The TCR gene loci. The TCR{3 and y loci are located on chromosome 7, 

respectively at q35 and pi5. The 8-chain encoding segments are located within the TCRa 

chain locus, hence this locus is denoted as the alb locus. The gene segments are depicted as 

classified into V, (D), J and C families and in the sequence in which they are encoded on 

their respective loci. Pseudogenes are illustrated by white boxes and interspersed between 

functional gene segments, illustrated by barred boxes. Several V gene segments of the alb 

locus are used for rearrangements of both a and b chains, and are illustrated with crossed 

boxes. Single functional V{3 and Vb gene segments are encoded after their respective C gene 

segments, in an inversed orientation as compared to the remainder of their respective loci. 

Many TCR segments are hypothesized to be the result of the duplication of ancestral 

genes, followed by the diversification of the gene segments. Indeed, the gene segments 

present within the TCR loci are highly polymorphic. Nevertheless, stringent selection 

appears to preserve the integrity of TCR loci, as is evident from the significantly lower 

frequency of pseudogene insertions observed therein as compared to that observed in 

adjacent regions of the chromosome: the density within the human and mouse TCRa loci 

• is of 0.67 pseudogenes per 100kb, as compared to 2.8 in the olfactory receptors gene 

locus that precedes the TCRa I36 
. 
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p56Lck upon cognate engagement of the TCR, and thus initiate intracellular signalling in 

the T cell 242-244. 
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Figure 3. TCR signalling. TCR engagement by cognate peptide-MHC class I complex 

results in the initiation of the intracellular signalling cascade. First, the src-family protein

tyrosine kinases p59FYfl and p56Lck are activated, leading to the phosphorylation of the CD3 

ITAMs and the Syk-family protein tyrosine kinase, Zap-70. In turn, SLP-76 and LAT are 

phosphorylated, leading to the recruitment PLCyand the resulting activation of the MAP 

kinase pathway through the action of PKC, as well as an increase in the intracellular 

calcium concentration. Alternatively, through the action of various adaptor proteins and the 

Sos guanine-nucleotide exchange factor, Ras is activated and engages the MAP kinase 

cascade. Beyond the direct TCR-induced signals, the engagement of other cell-surface 

receptors by their appropriate membrane-bound or soluble ligands further modulate T cell 

responses. The net outcome for the T cell is a broad range of responses that include the up

or down-regulation of surface molecules, the secretion of soluble mediators, proliferation 

and differentiation. 
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Figure 5. Immune cell traffICking and the orchestration of CDS T cell responses. Immune 

cells, including dendritic cells and T cells, homeostatically circulate throughout the body'(1). 

Upon encounter with infected cells or antigen in the presence of inflammatory stimuli (2), 

immature dendritic cells endowed with superior antigen uptake capacity are induced to 

mature (3), thereby increasing their efficiency for antigen-presentation, and up-regulating 

co-stimulatory molecules. Simultaneously, their chemokine receptor expression is modulated 

such that activated dendritic cells are preferentially targeted to migrate towards secondary 

lymphoid organs where they are screened by multiple T cells with distinct TCR specificities 

(4). Specific CD8 T cells that are engaged by their appropriate peptide-MHC ligand with 

appropriate co-stimulatory conditions are clonally selected (5). Activated T cells are then 

induced to undergo clonal expansion as individual cells within the responding pool 

functionally differentiate (6) and disseminate to the periphery where they home to sites of 

inflammation, guided by inflammatory chemokines (7). 

• 
A dynamic perspective of irrunune response has evolved as follows, and as 

illustrated in figure 5. Typically, first exposure to a foreign antigen takes place at 
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part whether HIV-1 will rapidly replicate or lay in a relatively quiescent state akin to viral 

latency. 
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Figure 7. Illustration of the genomic organization of HIV-I. Once integrated into host 

DNA, the coding sequences ofHIV-l are niched between two LTRs, each consisting of U3-R

U5 regions. The 5'LTR encodes the promoter enhancer regions. Open reading frames are 

translated from all three reading frames. The structural gag, pol and env genes encode for 

their multiple gene-products, which are eventually proteolytically cleaved during virion 

maturation. Vi/. Vpr, Vpu, Tat, Rev and Nef are the accessory proteins of H1V-l. 

In all, HIV-1 has nine ORFs502 
. The gag gene encodes for a single open reading frame 

(ORF), which results in the p55 polyprotein that is then proteolytically processed into the 

matrix (MA, p17), capsid (CA, p24), p2, nucleocapsid (NC, p7), PI and P6 proteins that 

structurally constitute the virion and associate with the contents it carries, including 

genomic viral RNA. The single pol ORF encodes for RT and its RNAse H activity that 

are required for reverse-transcription, for the integrase that catalyses viral DNA insertion 

into host DNA, as well as the protease that processes the viral polyproteins. Finally, env 

yields the envelope surface gp120 that confers the virus with its cell-specific tropism, and 

the trans-membrane gp41 that serves in viral fusion to the host cell. 
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Figure 8. The natural course of HIV-l infection. HIV-J infection is classically divided into 

three phases. The primary phase of infection is characterized by rapid viral replication and 

systemic dissemination, as well as by the characteristic loss of CD4 T cells. Gradually, the 

immune system begins to counter the pathogen with an increasingly potent response that is 

mainly mediated by T cells and that Ctfrbs the plasma viral load until an apparent 

equilibrium is reached. The recent insight into distinct characteristics of the CD4 and CD8 T 

cell responses orchestrated during the original days of infection suggest that a critical phase 

of infection, which is herein referred to as the acute phase of infection, may be hypothesized 

although it is not yet accurately defined and circumscribed. The establishment of a viral set 

point and the appearance ofmeasurable titers ofanti-HIV-I antibody signal the beginning of 

the chronic phase of infection. Chronic HIV-I infection is the asymptomatic phase of 

infection that may last for a variable length of time, with an average of 8-JO years. Patients 

who experience a rapid progression to disease may never have reached a stable viral set 

point and may progress to the final stages ofdisease within months, while LTNP may remain 

asymptomatic for more than 15 years. As indicatied by persistent plasma viremia and the 

gradual loss of CD4 T cells, an intense and protracted struggle between the virus and the 

host's immune system is taking place throughout chronic HIV-J infection. The occurrence of 

characteristic opportunistic infections and neoplasms signals the onset of AIDS. During this 
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17 day. S month. 
CAS SWTSE ETQYF[2.'1 8 A CASS YGIGR YEQYF[2.7J 9 C 1 
CAS SPSWGS TEAFF(I.I) 9 CAS SRGGLAGF 'rDTQYF [2.31 12 D 2 
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CASS LSMGGPLG NEQFF[2.11 12 CASS fTWRLAGVR ETQYF{2.5) 14 
CASS FTGA GELFFI2.21 8 CASS STSEG TQYf12.51 8 
CAS SISGSG TGELfFI2.21 10 CAS R!lTG SGANVLTF [2 . 6) 10 
('ASS LIGD TGELfFl2 . 2 ] 9 CAS Rl'QGH EQYFI2.7j 7 
CASS YTGE DTQYF (2.) 1 8 CASS FRGLMP YEQYF{2.7) 10 
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CASS STVEG EOYFI2.7 8 6 month. 
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1 IlIOnth CASS LQG? YGYTF[I.2] 8 
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CASS \~TGG YEQYFI2.71 8 D 2 CASS PGRGRPF SGNTIYf (1. 3) 13 
CASS YGIGR YF:QYf(2.71 9 C 1 CASS LTGAG QPQHfll.51 9 
CAS RTGL TEAFF 11.1 J 7 CASS LYHDSD SPLHF{1.6) 10 
CASS LTPQAMA TF 11. 2) 8 CASS FRASY El'QY F [ 2 . 5) 9 
CASS FQPRQGP NSPLHf (1. 6) 12 CASS SQGLG ETQYF{2.5j 9 
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CASS fGGS GELFfI2.2J a CASS LfTGGP SYEQYFI2.71 11 
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~.5 IlIOnth. 1:l month. 
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B 
clonotype 17 days 1 month 2.5 months 4 months 5 months 6 months 9 months 12 months 

A 4.55 5.26 nd nd nd nd nd nd 
B nd 10.5 nd nd nd nd nd nd 
C nd 5.26 11.8 15.0 3.85 nd nd nd 
o nd nd 11.8 15.0 7.69 nd nd nd 
E nd nd 29.4 30.0 15.4 26.7 18.8 nd 
F nd nd 11.8 15.0 15.4 6.67 12.5 10.5 
G nd nd nd 5.00 7.69 6.67 31.3 10.5 
H nd nd nd nd nd nd 6.25 5.26 
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Figure 9. Models for memory T cell generation. A) Linear differentiation model. Following 

antigen encounter, naIve T cells proliferate and differentiate into effectors; after antigen clearance, 

only a small proportion survive and constitute the memory T cell pool. B) Dichotomic model. A 

subset of naIve T cells directly differentiates into memory without acquiring effector functions. At 

the end of the immune response, effector cells undergo apoptosis while the memory subset persists. 

C) Instructional model. A subset of na'ive T cells receives a signal that drives them to differentiate 

into "pre-memory", further differentiation requires proliferation. These "pre-memory" cells form 

the pool of Tcm and Tem memory T cells. 

The dichotomic differentiation model 

Jacobs and Baltimore have developed an original transgenic mouse system that allow the 

permanent labelling of activated and memory T cells 825 In these mice, the Cre
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Figure 10. Heterogeneity of the T cell pool. The differentiation of antigen specific T cells 

results in a heterogenous population of T cells characterized by different proliferative 

capacity and effector function. Antigen-specific T lymphocytes that are endowed with high 

proliferative capacity and share phenotypic markers (CD45RA +CCR7+) with naive cells are 

first recruited into the response. Central memory (Tcm) and effector memory (Tem) T cell 

pools displaying differential phenotypic (CD45RA-CCRr and CD45RA-CCRT, 

respectively), functional and homing properties are formed. Differentiated functional effector 

T lymphocytes are also generated (CD45RA +CCR T). The prevalence of antigen-specific T 

cells from distinct antigen-experienced subset is hypothesized to evolve throughout the 

progression of immune responses and may vary due to the nature of the pathogen, the level 

of antigenemia and the immune (co-stimulation, cytokines) environment. Memory 

compartments are seeded during the immune response and persist following resolution of 

detectable antigenemia. 
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