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Introduction n 

Thee Immune system protects the human body 
againstt various potential pathogens by 
recognizingg and eliminating non-self structures. 
Thee acquired immune response largely depends 
onn lymphocytes such as CD4 and CD8 T-cells. 
Thesee cells posses receptors to specifically 
recognizee invading pathogens and are able to 
suppresss or eliminate the infection. The human 
immunodeficiencyy virus (HIV), however, is able to 
establishh a chronic infection without being 
completelyy eradicated by T cells. Initially, HIV-
specificc T cells do suppress the replication of HIV, 
butt eventually lose control of the infection. In 
addi t ion,, after prolonged incubation, HIV-
infectedd individuals lose their protective immunity 
againstt other pathogens than HIV. The basic 
mechanismm of this immunodeficiency, defined as 
acquiredd immunodeficiency syndrome (AIDS), is 
nott completely clear yet. 

FigureFigure I. Antigen presenting cells (APCj present 
antigensantigens to CD4+ T cells leading to reciprocal 
activationactivation of A PC and CD4 helper cell (A). A PC 
andand CD4+ T cell can now provide direct or 
indirectindirect help to CDS* T'cells (Arrow). CD8+ T cells 
recognizerecognize target cells (B) by binding of the CDS 
TT cell receptor to the peptide antigen presented 
byby MHC class I proteins on the surface of 
infectedinfected cells (C). The CDR3 region of the TCP 
determinesdetermines which peptide is recognized by the T 
cell. cell. 

Thee cellular immune response 
Thee T cell mediated immune response generally 
startss with the uptake of foreign antigen by 
dendriticc cells, at the site of initial infection. These 
cellss are specialised in collecting material and 
presentingg it to CD4 + T cells, for which they are 
calledd antigen presenting cells (APC)(Figure 1A). 
AA CD4 + T cells that recogizes its cognate antigen 
presentedd by an APC is activated and in turn 

activatess the APC by CD40 CD40L interactions 
(1,2).. This starts of the immune response and 
leadss to the direct or indirect activation of C D 8 + 

TT cells. The CD8 + T cells are cells specialised in 
recognizingg and killing infected cells (Figure 1 B), 
andd thus are the mediators of viral clearance or 
controll of virus infection (3). 

Thiss scenario includes two checkpoints at which 
thee presence of a foreign pathogen is ver i f ied. 
Recognitionn of the pathogen by CD4 + T cells a t 
thee initiation of the cellular immune response, and 
recognitionn of infected cells by CD8+ T cells. This 
recognitionn is mediated by binding of the T cell 
receptorr (TCR) with major histocompatibility 
(MHC)) complexes (Figure 1C). 

Eachh cell is required to show the immune system 
whatt sorts of proteins are synthesised within the 
cell.. When a cell is infected, non-self proteins a re 
synthesisedd in the cell. All nucleated cells express 
antigen-presentingg proteins, the MHC complexes, 
inn order to show their intracellular contents. MHC 
classs I presents small peptides of ~ 9 amino-acids 
thatt are generated by proteolytic cleavage o f 
intracellularr proteins. MHC alleles di f fer in 
bindingg pockets for pept ide binding. Peptides 
withh appropr ia te amino acids at specific 
locationss can bind in the pept ide binding groove. 
Thee MHC-peptide complex is transported to the 
celll surface and exposes the pept ide to 
surveyingg CD8 + T cells. Specialised APC have an 
addit ionall antigen presentation mechanism b y 
whichh extracellular antigens can be presented to 
CD4++ T cells in the context of MHC class II 
complexes. . 

CD4++ and CD8 + T cells recognize foreign 
peptidess presented by MHC comlexes via their T 
celll receptor (TCR) (4,5). This multimeric complex 
iss composed of 2 TCR chains a and 6, and 
accessoryy CD3 chains which transduce a signal 
intoo the cell after encounter with the cognate 
antigen.. The a and b chains consist of a constant 
regionn and a var iable region. The 
complementarityy determining region 3 (CDR3) is 
aa hypervar iable region which determines the 
antigenn binding specificity. This region is 
randomlyy generated during the maturation o f T 
cellss in the thymus, and is selected to bind with 
non-self,, but not self-antigens. The random 
recombinationn of the CDR3 results in the 
generationn of a T cell pool comprising a high 
varietyy of antigen-specific TCR's, which is 
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necessaryy to provide a specific T cell for each 
potent ia ll pathogen ever to be encountered. 

Af terr detection of a target cell, CD8 + T cells can 
per fo rmm several effector mechanisms against 
virusses.. T cells can produce antiviral cytokines 
suchh as IFNy and TNFa, which inhibit viral 
repl icat ionn intracellularly (6,7) and M i p - l a / b , 
whichh can block HIV viral entry (8). In addition, T 
cellss can exert cytolytic functions to kill the 
infectedd cell. CD8+ T cells can upregulate Fas 
ligg and surface expression, which induces 
apoptosiss of the target cell through binding with 
Fas,, expressed on the target cell. Furthermore, 
cytolyt icc T cells may secrete perfor in and 
granzymss to induce apoptosis. For these activities 
thee CD8 + T cells are frequently cal led cytotoxic T 
lymphocytess (CTL), and this cytotoxicity makes 
themm important in clearing viral infections. 

Thee natural course of HIV-1 infection 
Duringg acute infection, viral load rapidly 
increasess and may cause flu-l ike symptoms. After 
that,, v i raemia is suppressed and maintained at a 
levell which may vary among individuals. The 
heightt of the viral load, viral set-point, is a 
determinantt for clinical progression (9). After 
suppressionn of the acute infection most infected 
individualss experience a relatively stable period 
off clinical latency, although numbers of CD4+ T 
cellss gradual ly decline and T cell reactivity 
decreases.. Eventually viral load increases, CD4+ 

TT cells become severely depleted until the 
immunee system is degenerated and can not 
preventt the infection of opportunistic infections or 
occurrencee of malignancies. This stage of 
immunodeficiencyy is def ined as aquired 
immunodeficiencyy syndrome (AIDS). Individuals 
whoo develop AIDS quickly, are often called 
rap idd progressors, whereas individuals who 
remainn high CD4 T cell counts and low viral load 
forr pro longed periods are referred to as long-
termm asymptomatics (LTA). Following AIDS 
diagnosiss most patients die within 2 years of 
opportunisticc infections or malignancies. 

CTLL in HlV-infedion 
Inn most HIV-1 infected individuals cytotoxic T 
lymphocytee (CTL) activity can be observed in 
chromiumm release assays (10-12) . Ample results 
havee been reported which strongly suggest a 
suppressivee effect of CD8 + T cells on HIV 
repl icat ion.. In the acute phase, the rise of HIV-
specificc T cells correlate with control of initial 
v i ra ll burst {13-1 5) , and slower decline of CD4+ T 
celll numbers (16). Several escape mutations have 

beenn described which are likely selected by 
immunee pressure exer ted by HIV-specific CTL 
(17-22).. In the chronic phase of infection, HIV-
specificc T cells inversely correlate with viral load 
(23-25),, and high levels of HIV-specific T cells 
delayy disease progression (26). Infusion of HIV-
specificc CD8 + T cells temporal ly suppresses viral 
loadd (27). Finally, depletion of CD8 + T cells in 
SIVV infected-macaques leads to severely 
increasedd viraemia (28,29). These lines of 
evidencee are in contradiction with the eventual 
outcome,, which is an increase in viral load and 
progressionn to AIDS in most individuals until now. 
Rapidd progressors and long-term asymptomatics 
(LTA)) do not significantly di f fer in the levels of 
CTLL precursor frequencies (CTLp) (30) during the 
asymptomaticc phase. Progressors initially can 
havee strong CTL activity, but this activity declines 
concordantt with on increase in viral load and a 
decreasee in T cell reactivity (30-32). Apparent ly, 
thee CTL response eventually declines and is 
incapablee of controlling HIV-infection and 
preventingg opportunistic infections or 
malignancies. . 

Aimm of the thesis 
HIV-specificc CTL precursors are readily found in 
mostt HIV-infected individuals including rapid 
progressors.. Given the fact that initially CTL 
responsess are able to suppress viral replication 
andd delay disease progression (13,16,33) it 
wouldd be advantageous to keep a strong CTL 
responsee throughout the course of infection. 
However,, CTLp frequencies ultimately decline 
leadingg to increased viral load and progression 
too AIDS in most individuals until now (34). As the 
clinicall progression seems to correlate with the 
decliningg CTL activity it is important to 
understandd the mechanism by which CTL activity 
iss lost. W e hypothesised that CTL activity is lost 
eitherr due to physical depletion or due to 
functionall anergy of HIV-specific CD8+ T cells. 
Depletionn of antigen specific CD8+ T cells has 
beenn shown in LCMV infected mice (35,36). 
Transfusedd HIV-specific T cells in mice indeed can 
goo into apoptosis due to antigen encounter (37) 
andd after prolonged HIV infection telomere 
lengthss of CD8+ T cells are shortened (38,39). 
Alternatively,, HIV-infected individuals 

increasinglyy lost polyclonal T cell reactivity, 
whereass HIV-specific T-cell receptors were 
demonstratedd in high frequencies throughout the 
coursee of infection (40-46). Furthermore, viral 
escapee mutations may contribute to the failure of 
thee CTL response (17-22). These possible 
mechanismss have been investigated In the 
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experimentss described in this thesis. Insight in this 
processs may lead to vaccination or immuno-
therapeuticc strategies intended to improve the 
antivirall immune response. 

Methodss of research 
Too answer the question whether HIV-specific 
CD8+TT cells lose their functionality or are 
physicallyy lost we intended to compare the 
presencee and the function of CD8 + T ceils. The 
presencee of a T cell specific for a given antigen 
iss deducted from its T cell receptor. Detection of 
thee HIV-specific TCR was originally proposed by 
probingg the unique CDR3 region as a clonotypic 
marker.. For this we obtained the method of TCR-
CDR33 specific polymerase chain reaction (PCR) in 
orderr to obtain TCR DNA fragments. This 
techniquee was used to assess TCR diversity in 
diversee clinical settings and T cell subsets. 

Recently,, however, a new technique was 
developedd to detect antigen-specific CD8+ T 
cellsii tetrameric peptide-HLA complexes (47). 
HIV-specificc TCR's were detected by virtue of 
theirr specific binding to HIV-peptides complexed 
inn HLA proteins. This al lowed for direct 

phenotypingg and functional analysis of antigen-
specificc T cells by f low-cytometry. 
Phenotypicc analysis was per formed by combining 
tetramerr staining with antibodies against various 
celll surface proteins, most notably CD27, a 
differentiationn marker (48). In addi t ion, T cell 
functionn was assessed by antigen induced IFNy 
production.. For this assay, T cells were incubated 
withh HIV derived peptides. In vitro, these 
peptidess exchange binding-sites with 
endogenouslyy MHC-bound peptides, and 
activatee CD8 + T cells specific for the given 
pept idee (49). T cells that recognize the pept ide 
mayy produce IFNy in response. This cytokine is 
intracellularlyy detected, and defines antigen 
specificc and responsive T cells. 

Inn the first part of this thesis, T cells and T cell 
populationss are analysed by the genetic 
compositionn of their TCR, whereas in part 2 , 
antigenn specific CD8 + T cells are selected by the 
tetramericc MHC-pept ide complexes. These t w o 
methodss approach the T-cell receptor from two 
differentt views in order to investigate T cell 
responsess during the natural course of HIV 
infectionn and during antiretroviral treatment. 




