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Chapterr 1 3 93 3 

Evolutio nn of HIV specifi c T cell s durin g the cours e of HIV infectio n 

Thee relatio n betwee n vira l loa d and antivira l 
CD8++ T cell s 

Thee current view on a CD8+T cell immune 
responsee to viral infection has been simply shown 
inn a recent study on LCMV infection in the mouse 
modell (1 27). Acute viral infection is characterised 
byy an initial burst of viraemia fol lowed by a 
rap idd and massive expansion of virus-CD8+ T 
cells.. This massive antiviral response results in the 
suppressionn of viral replication, and ultimately to 
viruss elimination. Due to decreased levels of 
antigen,, subsequently the bulk of the virus-
specificc CD8 T cells lack antigenic stimulation and 
diess of apoptosis, however, a subpopulation 
remainss and establishes a virus-specific memory 
pooll (Figure 1A). In this model, the virus has been 
clearedd and memory cells presumably reside in a 
restingg state, until reactivated by recurrent 
infection.. Similar kinetics have been found for T 
celll expansions in acute EBV and HIV infection 
(14,125,126). . 

Viruss infections that are not cleared but 
controlledd at low viral load levels establish a 
chronicc infection, in which similar kinetics can be 
observed.. Latent EBV infection for instance, is 
characterisedd by substantial fluctuations (185). 
CTLL levels may be relatively low when EBV load 
iss low. Occasional viral burst are accompanied 
byy re-emerging EBV-CTL, which suppress 
viraemiaa and re-establish the resting state of 
infectionn (185,239). In this system, virus load and 
CTLL fol low the same longitudinal kinetics by 
reciprocall stimulation and suppression. The 
changess in viral burden and induction of CTL are 
characterisedd by interdependent kinetics: viral 
loadd induces the expansion of virus specific CTL, 
sufficientt levels of CTL suppress viral load and 
lackk of viral-antigen reduces CTL numbers. These 
kineticss of virus burden and CTL numbers show a 
positivee correlation in time (Figure 1 A). 

HIVV loa d and HIV-specifi c CD8+ T cell s 
Likewise,, pr imary HIV-1 infection is accompanied 
byy major CD8 + T cell expansions of selective Vb 
usagee and high levels of HIV-specific cytotoxic T 
cellss (86). This acute CTL mediated immune 
responsee is correlated with initial suppression of 
viraemiaa (13-15) . By the use of CTLp LDA assays 
andd tetramer staining a temporal positive 
correlationn was observed indicating that CTL 
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FigureFigure 1A. Longitudinal positive correlation 
betweenbetween CTL response and viral load. B. Individual 
differencesdifferences in CTL and viral load at steady state 
eqilibrium.eqilibrium. C. Variance in CTL effectiveness leads to 
differentdifferent CTL-virus equilibria. 

responsess fol low the viral dynamics until CTL 
reachh sufficient levels to suppress viral l oad , 
analogouss to the LCMV model. 

HIVV infection differs from many other v i ra l 
infectionn models in that viral clearance is not 
accomplished.. On the contrary, chronic HIV 
infectionn is characterised by continuous high virus 
productionn (240,241). Early in the chronic phase, 
equilibriumm is established between viral load and 
immunee response. The level of viral load at the 
equilibriumm (the viral setpoint) is a determinant 
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fo rr disease progression (242). It is argued that 
thee height of the viral setpoint in turn is 
determinedd by the initial CTL response: a strong 
andd rap id CTL response during acute infection 
suppressess the acute viral burst and establishes a 
loww viral setpoint, and vice versa (15,16). The 
strongerr an individuals CTL response, the lower 
hiss v i ra l burden at steady state (Figure 1 B). 

Thee relation between viral load and CTL numbers 
dependss on the prol i ferat ive responsiveness and 
thee lytic capacity of the CTL (243). The presence 
off v i ra l antigen induces prol i ferat ion of antigen-
specificc CTL, and CTL that encounter infected cells 
killl t a rge t cells or secrete antiviral cytokines. The 
pro l i ferat ivee responsiveness of the antigen-
specificc T cell determines the number of CTL in 
relat ionn to a given antigen l oad ; the efficacy of 
thee CTL to eliminate infected cells determines the 
vi ra ll l oad . Therefore, among individuals the 
equil ibriumm between viral load and CTL can 
d i f ferr because of individual differences in CTL 
propert iess (or viral propert ies which are not 
discussedd here). If individual differences are 
restrictedd to variat ion in proliferative 
responsiveness,, the relation between CTL and 
virall load can be relatively simple and can show 
ann inverse correlation (243)(Figure 1 B). However, 
individualss can also di f fer widely in CTL efficacy, 
ass suggested by di f ferent ial CD27 expression 
andd IFNy production (chapters 8-12). Therefore, 
fo rr each infected subject, distinct levels of CTL 
andd viral load may determine the steady state, 
andd individuals may vary in the number of CTL 
necessaryy to maintain low viral load. Variance in 
effectivenesss of CTL to suppress viral replication 
cann expla in why progressors with high viral load 
cann have equal levels of CTL as non-progressors 
have,, and why long-term asymptomatics can 
havee low viral load despite low numbers of CTL 
(222 ,243)) (Figure 1C). Only in homogenous study 
populationss in which similar T cell responses are 
measured,, inverse correlations may be evident. 

Inn this thesis it is shown that in a homogenous 
groupp of mainly long-term asymptomatics, the 
numberr of HIV specific, HLA-A2- tetramer 
positivee T cells inversely correlates with viral 
l o a d ,, and that the number of HIV specific T cells 
correlatess with disease f ree fol low up 
({26)Chapterr 7). In a more heterologous group, 
onlyy a moderate correlation was found only in 
thee subpopulation with high CD4 + T cell counts 
(Chapterr 8, ref.(189)). This is likely due to the 
fac tt that not all tetramer"1" T ceils are equally 
eff icientt in virus suppression, as antigen induced 

IFNyy production d i f fered substantially among 
individuals.. Therefore, tetramer staining is not 
representativee of the true antiviral capacity. 
Conversely,, the percentage of CD27 negative 
HIVV specific T cells, inversely correlated with viral 
loadd and again positively correlated with AIDS 
f reee survival (Chapter 9). The percentage CD27" 
effectorr cells represents a functional 
characteristicc of CTL, as CD27" T cells contain 
moree perforin, and can kill target cells without 
priorr restimulation. Therefore, the dichotomy 
betweenn tetramer staining and antiviral activity 
iss corrected for and CD27" tetramer+ T cells may 
betterr approach the number of antiviral CTL. 

Perturbatio nn of th e vira l load-CT L equilibriu m 
Ass mentioned above, the relation between HIV-
loadd and HIV-specific CTL in chronic HIV-infection 
cann be described as a longitudinal positive 
correlationn when an individual subject is 
investigated.. Within one individual, the CTL 
responsee will fol low most of the fluctuations of 
antigenn load as expansion and survival of CTL 
dependss on the presence of antigenic stimulation. 
Nonetheless,, both positive and negative 
correlationss can be observed in time after 
perturbationn of the equilibrium through 
suppressionn or enhancement of either viral load 
orr CTL numbers, either art i f icial or natural. 

Antiretrovirall therapy acts directly on viral 
replicationn and arti f icial ly reduces the antigenic 
burden.. Therefore the equilibrium between virus 
loadd and CTL is perturbed in a person in time. 
Expandedd T cells will receive lower antigenic 
activationn signals resulting in shrinking of a 
subset,, and the remaining of a smaller 
populationn (Figure 2) (89) (90)(Chapter 4). This 
observationn shows that HIV-specific T cell 
expansionss are antigen driven, and the HIV-
specificc T cell pool is maintained through the 
presencee of antigen. 

CTLL do not detect viral load, but detect viral 
epitope-peptidess on the surface of infected cells. 
Forr individual CD8 + T cells, disappearance of the 
epitopee has the same effect as disappearance of 
viruss infection. Epitopes that mutate to 
unprocessedd or unrecognized amino acid 
sequencess result in the perishing of CTL 
recognizingg the original pept ide sequence 
(19,22)(Figuree 2). However, many HIV-infected 
subjectss are described with dominant CTL 
responsess against epitopes that are not mutated 
andd remain recognized (174,244)(Chapter 8, 
ref.(189)) . . 
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Opposedd to reduction of antigenic load, 
vaccinationn increases antigen burden. Harmless 
virus-likee particles, virus -proteins, -DNA, or -
peptidess do not enhance viral pathogenesis but 
mayy stimulate T cells specific for the administered 
particless to ideal ly higher levels than natural 
infectionn accomplishes (Figure 2). Previously, 
variouss vaccines have been tested, mostly without 
inducingg protective immunity, or just inducing 
moderatee changes in CTL activity such as G a g 
proteinn vaccination (21 2,21 3). In chapter 1 1, two 
off these patients are described and are shown to 
havee temporal increases in CD4 + T cell numbers, 
reductionn in viral load, and moderate increases 
inn Gag-specif ic tetramer+ CD8 + T cells during or 
afterr vaccination. More recently, promising 
resultss have been obtained with prime boost 
DNAA / recombinant virus vaccines, cytokine 
augmentedd vaccines, and vaccination 

administeredd to patients t reated with antiviral 
drugss has led to increased CTL responses 
(202,245-247) . . 

Infusionn of HIV-specific CTL can lead to a 
temporall reduction in viral load (27). The infused 
CTLL migrated to the site of infection and co-
localisedd with infected CD4+T cells, however, a 
feww weeks to months later, the infused CTL 
d isappearedd and viral load rebounded (27). In 
thiss study the elevation of CTL numbers had a 
reciprocall effect on the virus load. In other 
studies,, infused CTL selected for escape mutants 

orr massively d ied of apoptosis, leading to rap id 
progressionn to AIDS (145,248). Opposite to CTL 
infusion,, depletion of CTL leads to severe 
increasee in viraemia, as observed in SIV infected 
macaques.. Ant ibody mediated depletion o f 
CD8 ++ T cells resulted in loss of control of pr imary 
infection,, and increased viraemia during chronic 
infection,, whereas after gradual replenishment o f 
CD8 ++ T cells, viral load was suppressed again 
(28,29). . 

Whenn the apparent antigenic burden is changed, 
CTLL and apparent antigen load fol low similar 
kineticss (therapy, vaccination, escape). 
Conversely,, when CTL numbers are changed, 
virall load shows inverse kinetics (deplet ion, 
infusion).. An addit ional potential perturbation o f 
thee virus-CTL equilibrium is the change in CTL 
efficacyy to destroy infected cells. The 
experimentss described in Figure 2 demonstrate 
thatt CTL and viral load directly respond to 
changess in the equilibrium, suggesting a dynamic 
andd functional interaction. This means that HIV-
specificc T cells are not completely unresponsive. 
CTLL are readi ly induced in vivo and after strong 
inn vitro stimulation, cytolytic T cell clones can be 
culturedd from each tetramer+ T cell (88,195). 
Still,, HIV-infection eventually ends in the loss o f 
thee CTL response in favour of HIV load, leading 
too AIDS. 

Thee steady state may also be influenced by 
gradual lyy changing factors. Progressive loss of 
CD4 ++ T cells or polyclonal T cell function can be 
takenn as parameters that reflect gradual 
changess in the equilibrium between virus load 
andd CTL response. It has been shown that HIV-
specificc CD8+ T cells are impaired in antigen-
specificc IFNy production and in cytolytic activity 
(192,198,199) ,, and that decreased IFNy 
productionn of EBV-specific T cells in response to 
pept idee stimulation has been shown to be a 
correlatee for progression to AIDS-related non-
Hodgkinn lymphoma (185). In this thesis, the 
graduall loss of IFNy production in response to 
antigenicc stimulation is described. The decrease 
inn IFNy producing T cells is similar to the decrease 
inn CTLp frequencies in individuals progressing to 
AIDSS (30). It is argued that lack of antigen 
inducedd IFNy production is a reflection of loss of 
antivirall activity. Although absolute HIV-specific T 
cellss remain stable during the course of infection, 
fewerr functional CTL are left to kill virus infected 
cells,, and this may cause the balance between 
CTLL and viraemia to gradual ly shift in favour o f 
thee virus. 
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Impaire dd functio n of HIV-specifi c CD8 + T cell s 
Thiss thesis describes the loss of peptide-specific 
T-celll responses in HIV-infected individuals. T cells 
alsoo showed progressively reduced 
responsivenesss to polyclonal stimulation like 
PMA+ ionomycin,, CD3 antibodies or PHA 
(42 ,44 ,45) ,, which could be restored by CD28 
costimulationn (44). When stimulated in the 
presencee of costimulatory molecules such as 
CD288 and CD49d monoclonal antibodies, most 
HIV-specificc T cells do produce IFNy in response 
too pept ide-ant igen (177,195) , suggesting that 
excessivee stimulation is capable to induce HIV-
specificc T cell responses. Similarly, differences in 
ant igenn responsiveness of EBV-specific T cells in 
healthyy donors have been attr ibuted to different 
stimulationn requirements (191). These different 
requirementss may represent central- and 
effector-memoryy T cells (191,197) , and in 
healthyy donors, these subsets are balanced with 
respectt to control of viraemia. HIV infection is 
character izedd by high viraemia, which would 
suggestt the need of high frequencies of effector 
cells.. However, most HIV-specific T cells lacked 
phenotypicc markers for effector functions and in 
contrastt resembled memory T cells with regard to 
expressionn of CD27, CD45RA, CCR7 
(177,249)(Vann Baarle, submitted Chapter 9). In 
add i t ion ,, large frequencies of HIV-specific T cells 
showedd impaired production of antiviral proteins 
suchh as IFNy or perforin 
(88,162,177,192,193,199)( (( 1 89)Chapter 8), 
suggestingg impaired antiviral effector function. 
Apparen t l y ,, HIV-specific T cells are impaired in 
maturat ionn to fully d i f ferent iated effector CTL 
W ee argue that lack of IFNy production in short-
termm incubation assays reflects impaired effector 
functionn and that high IFNy production reflects 
strongg effector function and correlates with 
d e l a y e dd disease progression. Although lack of 
IFNyy production does not necessarily exclude 

otherr effector functions, several conditions are 
foundd in which IFNy production was correlated 
withh the clinical status. First decreased IFNy 
productionn correlates with progressive infection 
andd CD4+ T cell depletion (Chapters 8,10)(178). 
Thee protective HLA-B57 allele is associated with 
higherr IFNy production (Chapter 11). Finally, 
therapyy improves the clinical condition of patients 
coincidingg with their IFNy production (Chapter 
12). . 

Sincee IFNy production decreased during 
progressionn to AIDS, we favour the hypothesis 
thatt antiviral CTL activity is fai l ing because of 
dysfunctionall CD8 + T cells, not because of 
depletionn or because of prol i ferat ive exhaustion 
off CD8+ T cells. Whether this is due to lack of 
CD4 ++ T cell help remains to be investigated, but 
alternativee help for CD8+ T cell may be 
providedd by immuno therapeutic interventions. 
Promisingg results have been obtained for 
individualss treated ear ly in infection who 
undergoo structured treatment interruptions (STI). 
Duringg untreated periods, autologous virus acts 
ass a booster for immune responses while because 
off early treatment adequate numbers of HIV-
specificc CD4 + T cells were preserved (184). 
However,, this is not an option for many other 
individualss who have a l ready lost crucial 
immunefunctionss (250) Alternatively, chronically 
treatedd individuals may benefit from vaccine like 
adjuvantss that can boost immuneresponses in the 
absencee of viral replication (201,202). In 
addit ion,, IL2 is currently evaluated as an 
immunostimulatoryy adjuvant (251). It has become 
evidentt that neither antiretroviral therapy, nor 
thee natural immune response is capable of 
eliminatingg HIV infection. Addit ional 
immunotherapiess should be developed to 
improvee CD4 and or CD8 T cell responses, to 
clearr residual HIV replication. 


