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Kineticss of tetramer+ T cells and IFNy+ T cells specific for Human 
Immunodeficiencyy Virus and Epstein-Barr Virus during treatment of HIV-
11 infection 

Stefann Kostense, Sigrid A. O t t o Gerlinde J. Knol, Erik H. Manting, Nerting Nanlohy, Christine Jansen, 
Joepp M.A. Lange, Marinus H J . van Oers, Frank Miedema and Debbie van Baarle. 

W ee investigated the effect of highly active anti-retroviral therapy (HAART) on HIV- and EBV-spedfic 
CD8 ++ T cells in 14 HIV-1 infected individuals, using a combination of both direct visualisation of virus-
specificc T cells with tetrameric HLA-peptide complexes, and functional analysis, using IFNy elispot 
assayss after peptide-stimulation. HAART induced a decrease of HIV-specific CD8+ T cells in most 
individualss as measured by tetramer staining, whereas numbers of EBV-specific tetramer+ T cells did 
nott change. Although no significant changes were found for IFNy producing HIV-specific or EBV-specific 
TT cells, the relative percentages of IFNy producing T cells increased compared to the total number of 
bothh HIV- and EBV- specific T cells. This relative improvement of EBV specific T cells did not significantly 
suppresss EBV load. These data suggest that antiretroviral therapy decreases the magnitude of HIV-
specificc T cells, but improves the antigen responsiveness of HIV- and EBV-specific T cells. 

Introduction n 
Inn human viral infections, MHC class l-restricted 
CD8 ++ cytotoxic T cells (CTL) are the main 
mediatorss of viral clearance or control of 
viraemiaa (3,190). Primary infection with Epstein-
Barrr virus (EBV), a widespread human gamma 
herpesvirus,, and reactivation of latently EBV-
infectedd B lymphocytes is controlled by specific 
CTLL responses (224). In contrast, in HIV-infection, 
despitee the efficacy of HIV-specific CTL to suppress 
virall replication early in infection {1 3), CTL do not 
containn and eventually seem to lose control of HIV 
virall replication completely (225). Furthermore, 
duringg HIV-induced immunodeficiency, a higher 
ratee of reactivation of EBV-infection occurs which 
mayy lead to uncontrolled lymphoproliferation 
(22Ó),, indicating that apart from HIV also other 
virusess like EBV can no longer be contained. 

Differentt techniques are now being employed 
whichh detect either presence or function of virus 
specificc T cells. Staining with tetrameric MHC-
pept idee complexes (47) can enumerate CD8 + T 
cellss with pept ide specific T cell receptors, and 
theirr use revealed a much higher frequency of 
antigen-specificc circulating T cells than estimated 
beforee by Limiting Dilution Analysis (1 27,1 28,227). 
511 Cr release assays and cytokine detection 
assays,, like IFNy ELIspot assays (214), assess the 
numberr of functionally reactive T cells at the 
pept idee level. By detecting virus-specific CD8+ T 
cellss by both tetrameric MHC-pept ide complexes 
andd IFNy production, Zajac et a l . showed that 
LCMV-- infected CD4 knock out mice mounted 
substantiall numbers of LCMV specific tetramer+ T 
cells,, but had decreased numbers of IFNy 

producingg T cells compared to wild t ype mice 
(146).. In addit ion, we have observed decreased 
numberss of IFNy producing HIV-specific (189) and 
EBV-specificc CD8+ T cells in HIV-infected 
individualss (185). Furthermore, HIV-infected 
individualss have higher EBV load than HIV sero-
negativee individuals, and in HIV-infected 
individualss progressing to AIDS-related non-
Hodgkin'ss lymphoma (AIDS-NHL), loss of EBV-
specificc T cell function in the course of HIV-infection 
wass paralleled by increasing EBV load (185). 

Becausee of the functional deficiency of CD8+ T 
cells,, at this time for HIV-infected individuals 
antiretrovirall drugs are the only means to 
suppresss HIV RNA load. Although monitoring of 
treatmentt with combinations of antiretroviral 
drugss have mainly focussed on suppression of 
virall load and reconstitution of CD4 + T cell 
numbers,, improvement of CTL function is 
consideredd an important goa l , especially in the 
contextt of the recently reported structured-
treatment-interruptionn trials (228,229). Until now, 
evaluationn of anti-HIV-specific CD8+ T cells has 
beenn dominated by observations of decreased 
HIV-specificc CD8+ T cell numbers possibly due to 
decreasedd antigen burden (230) without further 
detai ledd functional analysis (89). Furthermore, the 
effectt of HAART on EBV immunity and EBV load 
hass not been evaluated. Because of the reported 
positivee correlation between CD4 + T cell numbers 
andd effective antiviral CD8+ T cells (146,163), 
therapy-inducedd restoration of CD4+ T cell 
numberss is expected to lead to functional 
restorationn of virus-specif ic CD8+ T cells. 
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Inn this study, we have used a combination of both 
directt visualisation, using tetrameric HLA-peptide 
complexes,, and functional analysis, using IFNy 
elispott assay, of HIV-specific CD8 + T cells and 
comparedd kinetics of HIV-specific T cells with 
EBV-specificc CD8+ T cells after highly active 
ant i retrovi ra ll therapy (HAART). Using these 
techniquess simultaneously, also the ratio of 
functionall cells (IFNy producing T cells) relative to 
thee to ta l amount of antigen-specific T cells 
( tet ramer++ T cells) was assessed. In addition, using 
reall time quantitative PCR assay, the number of 
EBVV virus particles was quantitated to study the 
possiblee impact of HAART on EBV load. 

TableTable  1: Group characteristic of HIV-1 infected 
homosexualhomosexual men on HAART 

CD44 counts* 

HIVV RNA load* 

EBVV lood* 

Beforee HAART 

2855 (128-440) 

106(1-370) ) 

4.777 (0-5.79) 

Averagee during HAART 

396(143-570) ) 

11 (1-3) 

4.39(0.91-4.66) ) 

*HIV*HIV viral RNA copies /fJl serum; median (range) 
** Log EBV copies / TO6 PBMC; median (range) 

Materialss and methods 
StudyStudy population 
Thiss study was per formed on participants of the 
Amsterdamm Cohort studies on AIDS and HIV-1 
infection.. W e selected HIV-seropositive male 
individualss according to HLA-type A2 or B8. 
Peripherall blood mononuclear cells (PBMC) were 
cryopreservedd according to a standard protocol 
inn a computerised freezing device. 
W ee analyzed longitudinal PBMC samples from 14 
HIV-infectedd individuals on HAART. The samples 
includedd at least one sample before start of any 
treatment.. During therapy, at least 2 samples 
weree d r a w n ; one during the first 3 months; one 
a f te rr 6 to 1 5 months after start of HAART. For 
comparisonss of samples before and after start of 
HAART,, samples before treatment were 
ave ragedd and compared to the average of all 
sampless af ter start of HAART. 
Forr each individual, the drug regimen consisted 
off 1 protease inhibitor (saquinavir, indinavir or 
ritonavir)) in combination with two RT inhibitors 
(DDI,, 3TC, AZT or D4T). Ten of the 14 individuals 
startedd dual therapy 3 months before the 
add i t ionn of a protease inhibitor. Group 
characteristicss of the HIV-1 infected individuals are 
givenn in tab le 1, in which baseline values of CD4+ T 
cellss and viral load are compared with averages 
off two or three measurements after start of HAART. 

Tenn individuals were HLA-A2 positive, 9 were 
HLA-B88 positive, 5 of these expressed both HLA-
A22 and -B8. One individual did not respond to 
therapyy and had increasing viral load and 
decreasingg CD4+ T cell counts. One individual 
hadd progressed to AIDS shortly before start of 
therapy. . 

TetramericTetrameric HLA-peptide complex formation 
Refoldingg of HLA class I heavy chains and 
tetramerr formation was performed as described 
previouslyy (47). HLA class I heavy chains and 62 
microglobulinn were constructed in pET plasmids 
(Novagen)) and expressed in BL21 E.coli strains. 
Heavyy chain, 82m and peptides were refo lded 
byy dilution (167). Subsequently, MHC class I 
tetramerss complexed with EBV and HIV-peptides 
weree produced as previously described (47). The 
peptidess used (Isogen, Maarssen, The Netherlands) 
aree listed in table 2. Refolded HLA pept ide 
complexess were biot inylated, FPLC purif ied using 
ann HI 6 / 6 0 Superdex 200 column (Pharmacia). 
Purifiedd complexes were bound to streptavidin-
phycoerythrinn or streptavidin-APC (Sigma). 
Tetramericc product was FPLC purif ied and 
concentratedd using amicon stir cells. 

TableTable  2, Peptides used in tetramer formation and 
ELISpotELISpot assay stimulation 
HLA A 

A2 2 

B8 8 

EBV V 

proteinn peptide 

BMLF-hh GLCTLVAML 

BZLF-1:: RAKFKQLL 

EBNA-3A:: FLRGRAYGL 

HIV V 

proteinn peptide 

Gog g 

Pol l 

Gag g 

Nef f 

SLYNTVATL L 

ILKEPVHGV V 

EIYKRWII I 

FLKEKKGL L 

FlowFlow cytometry and tetramer staining 
Three-- or four-color fluorescence analysis was 
performedd as previously described. (231) Briefly, 
PBMCC were thawed and 1.5 x 106 cells were 
stainedd in PBS supplemented with 0 .5% (v/v) 
bovinee serum albumin (PBA) with MHC class I 
tetramerss (PE and APC), PerCP conjugated Mab 
CD88 (Becton Dickinson, San José, California, USA) 
andd anti-CD27-FITC {CLB, Amsterdam, The 
Netherlands).. After staining, cells were washed with 
PBAA and f ixed in P B S / 1 %% paraformaldehyde, and 
att least 250,000 events were acquired using a 
FACScaliburr f low cytometer (Becton Dickinson). 
Too determine the percentage of dead cells in each 
sample,, propidium iodide staining was performed. 
Lymphocytess were gated by forward and 
sidewardd scatter. Data were analyzed using the 
softwaree program CELL Quest (Becton Dickinson,). 
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HIVV z EBV 

Beforee After Before After 

Beforee and af ter start of therapy 

FigureFigure  1. Changes in HIV- and EBV-viral load 
duringduring treatment of HIV infection. HIV load is 
indicatedindicated as RNA copies per microliter serum 
(n—14),(n—14), EBV load are log EBV copies per I06 

PBMCPBMC (n— 11). Baseline values before start of 
HAARTHAART are compared with the average of 2 to 3 
samplessamples during HAART. Antiretroviral therapy 
succesfullysuccesfully suppressed HIV load in all individuals 
exceptexcept one. In the same individuals, no consistent 
changechange in EB V load was observed. 

El/spotEl/spot assays 
IFNyy producing antigen-specific T cells were 
enumeratedd using IFNy specific ELIspot assays as 
previouslyy described (214). Nylon-backed 96-well 
platess (Nunc, Roskilde, Denmark) were coated 
overnightt with 50 pi of 15 |Jg/ml of anti-IFNy mAb, 
1-DIKK (MABTECH, Stockholm, Sweden) in 0.1 M 
carbonate/bicarbonatee buffer pH 9.6. After 6 
washh steps with culture medium (RPMI1 640, Gibco 
BRL,, Life Technologies, Breda, The Netherlands) to 
removee unbound antibody, plates were blocked 
forr 1 h with RPMI 1640 supplemented with 1 0 % 
FCS.. Subsequently, PBMC were added in triplicate 
wellss at 1 x 105 cells/well in the absence or 
presencee of 2|JM peptide (table 2). As a positive 
controll to test the capacity of PBMC to produce 
IFNyy upon antigen independent stimulation, 
Phytohemoagglutininn (PHA) (Murex Diagnostics, 
Dartford,, UK) was added. Cultures were incubated 
overnightt at C in 5 % CO2. The next day, cells 
weree removed by washing with PBS/0.05% Tween 
200 and the second biotinylated anti-IFNy mAb, 7-
B6-11 biotin (MABTECH), was added at 1 |Jg/ml in 
PBSS and left for 3 h at room temperature, followed 
byy streptavidin-conjugated alkaline phosphatase 
(MABTECH)) for an additional 2 h. Individual 
cytokine-producingg cells were detected as dark 
purplee spots after a 10-min reaction with 5-bromo-
4-chloro-3-indolyll phosphate and nitro blue 
tetrazoliumm (BCIP/NBT, Sigma, St. Louis, Missouri, 
USA).. Reactions were stopped by extensive 

washingg in water. Nylon membranes were dried 
andd spots were counted after computerized 
visualizationn by a scanner (Hewlett Packard 
Company,, Baise, Idaho, USA). The number of 
specificc T cell responders per 106 PBMC was 
calculatedd after subtracting negative control 
values.. Because the percentage of dead cells and 
thee percentage of CD8+ T cells was assessed in the 
samee samples, the number of specific T cell 
responders/10** living CD8+ T cells could be 
calculated.. This assay was very reproducible when 
performedd on multiple samples from EBV-positive 
donors,, detecting as low as 1 positive cell per 
1x1055 PBMC (0.001%). 

IntracellularIntracellular cytokine staining 
PBMCC were stimulated and stained for 
intracellularr IFNy as described previously (189). 
Briefly,, 2 *10 6 PBMC were incubated with 
11 |Jg/ml pept ide in the presence of monensin. 
Incubationn without pept ide, and incubation with 
PMAA and ionomycin were used as negative and 
positivee controls respectively. After 4 hours, cells 
weree washed, stained for CD8 and tetramer, 
f i xed ,, permeabil ised, and stained for IFNy and 
CD69.. CD69+ IFN/*- T cells were compared with 
thee number of tetramer+ T cells in the negative 
controll sample. 

ViralViral load determination 
HIVV RNA load was quantitated in serum using 
NASBAA (Organon Teknika, Boxtel, The 
Netherlands).. For EBV load measurements in 
PBMCC a real time quantitative Taqman assay 
wass used. PBMC ( l x l O 6 ) were lysed by addit ion 
off L6-lysis buffer (169). Genomic DNA was 
extractedd by precipitation with isopropanol and 
DNAA from 2x10 5 cells was ampl i f ied using PCR 
primerss selective for the EBV DNA genome 
encodingg the non-glycosylated membrane 
proteinn BNRF1 p i 43 (232,233). PCR 
amplificationn was performed as previously 
describedd (234) using E B V / p l 4 3 fo rward and 
reversee primers resulting in a 74 basepairs DNA 
product.. In the PCR reaction a fluorigenic 
EBV/pl43-speci f icc probe was added with a 
FAMM reported molecule attached to the 5' end 
andd a TAMRA quencher linked at the 3' end, to 
detectt ampli f ied DNA. Amplif ication and 
detectionn was performed with an ABI Prism 7 7 0 0 
Sequencee Detection System (PE App l ied 
Biosystems,, Foster City, Cal i fornia, USA). Real 
timee measurements were taken and a threshold 
cyclee value was calculated for each sample b y 
determiningg the point at which the fluorescence 
exceededd a threshold limit of 0.04. Each run 
containedd several negative controls (no template 
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orr EBV-negative DNA), a positive control (a 
knownn amount of EBV copies) and a standard 
dilutionn of plasmid DNA containing the PCR 
productt as insert, which was cal ibrated with an 
EBVV quanti f ied standard (Advanced 
Biotechnologiess incorporated, Mary land , USA). 
Thee analyzed sensitivity of the assay was 
betweenn 5 0 and 5 x 1 0 * copies/ml. All reactions 
weree performed in duplicate and only 
consideredd positive when both replications were 
abovee the threshold limit. The variation between 
duplicatess was as low as 7 .5% (Van Baarle et a l . 
submitted). . 

Results s 
ViralViral  load  and CD4* T cells  during  treatment 
Too determine the effectiveness of the treatment 
strategies,, we analysed HIV RNA load and CD4+ 

TT cell numbers before and after HAART. W e 
comparedd the average of measurements before 
withh the averaged measurements after start o f 
treatment.. As expected, CD4 + T cell counts 
increasedd (median 275 to 3 9 7 T cells/|Jl blood; 
p = 0 . 0 0 4 ,, Wi lcoxon signed rank test) after start 
off HAART. HIV RNA load significantly decreased 
(Figuree l ) (Median 106 to 1 RNA copies/^ll 
serum,, p = 0 . 0 0 6 , Wi lcoxon). One individual had 
decreasingg CD4 + T cell numbers and increasing 
virall load after start of therapy. EBV load did 
nott significantly change during HAART (Figure 1) 
(Mediann 4.8 to 4.4 log EBVcopies/106 PBMC, 
p = 0 . 7 9 ,, Wi lcoxon). 

EBV-EBV- and HIV-specific  CDS* T cell  responses 
duringduring  treatment 
Too investigate the dynamics of HIV- and EBV-
specificc CD8 + T cells fol lowing start of therapy, 
wee stained virus-specific CD8 + T cells with 
specificc HLA-peptide tetrameric complexes and 
per fo rmedd IFNy elispot assays. In tab le 2 the 
HLAA molecules and corresponding 
immunodominantt viral peptides used to construct 
tetramericc complexes and to stimulate PBMC are 
shown.. In f igure 2 , two t reated HIV-infected 
individualss are shown; subject 1113 responded 
too therapy with decreasing viral load and 
increasingg CD4 + T cell numbers, whereas subject 
557557 d id not respond to therapy and showed 
decreasingg numbers of CD4 + T cells and 
increasingg viral load. Each show quite distinct 
changess in numbers of tetramer"1" T cells and 
IFNy** T cells. For subject 1113, the percentage 
tetramer"1"" T cells specific for all HIV-peptides 
decreased,, in contrast to stable or increased 
HIV-tetramer++ T cells in subject 557 . The 
percentagee EBV specific tetramer"1" T cells, 

—i—ixi~~i—i—II H—i—i—i—i— 
-15-100 - j j o 5 10 IS -10 -5 Ó 5 10 15 

Monthss during treatment 

FigureFigure  2. Longitudinal  kinetics  of  HIV and EBV 
specificspecific  T cells  in  2 different  HIV-infected 
individuals.individuals.  Individual  HIV and EBV peptide-
specificspecific  T cells  of  two  HIV-infected  individuals 
11131113 and 557 are shown.  Subject  1113 
illustratesillustrates  kinetics  of  virus-specific  T cells  after 
therapytherapy  that  was frequently  observed  in  subjects 
respondingresponding  to  therapy.  For  subject  557, therapy 
diddid  not  increase  CD4* T cell  numbers  and this 
subjectsubject  showed  different  kinetics  of  virus  specific 
TT cells  than  responder  1113. Upper  panels  show 
CD4*CD4* T cell  numbers  and viral  HIV load  during 
treatment.treatment.  The middle  two  panels  indicate 
kineticskinetics  of  virus  peptide-specific  T cells  (% of 
CDS''CDS''  T cells)  as measured  by tetramer  staining 
(solid(solid  symbols)  and IFNy secretion  assays  (open 
symbols).symbols).  Individual  peptide  specific  CDS* T cells 
areare plotted  over  time  during  therapy.  Ratio  of 
IFNy*IFNy*  T cells  of  total  tetramer*  T cells  are 
indicatedindicated  in  the lowest  panels.  Start  of  dual  RT 
inhibitorinhibitor  therapy  is  indicated  by arrows,  and 
startstart  of  HAART is  defined  as t=0 and dashed 
verticalvertical  lines. 

increasingg in subject 1113 and decreasing in 
subjectt 5 5 7 , showed kinetics opposite to HIV-
specificc tetramer+ T cells. Numbers of EBV and 
HIVV specific IFNy+ T cells increased or remained 
stablee in subject 1113, but decreased in subject 
5 5 7 .. This resulted in an increased ratio IFNy* / 
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FigureFigure  3. Tetramer* T cells, IFNy* T cells and 
IFNy/tetramerIFNy/tetramer percentages of HIV and EBV-
specificspecific T cells during therapy. 
ForFor each individual on HAART, total HIV (left 
panels)panels) or EBV (right panels) specific responses 
werewere calculated by the sum of all responses from 
eacheach peptide tested. Before and after start of 
HAARTHAART are the averages of samples before 
(usually(usually one), and the average of two or three 
measurementsmeasurements after start of HAART. Successfully 
treatedtreated subjects are depicted as closed circles; 
openopen circles indicate the subject with decreasing 
CD4+CD4+ T cells and increasing HIV load; open 
trianglestriangles indicate the subject progressing to AIDS 
beforebefore start of HAART. Statistics were performed 
withwith the Wilcoxon signed rank test. P values are 
basedbased on all subjects, except in part C were one 
individualindividual who did not show increased CD4+ T 
cellcell numbers was excluded. 

A.A. Percentage tetramer* T cells of CD8* T cells. 
B.B. IFNy* T cells from Elispot assays transformed 
toto percentages of CD8* T cells. C. Ratio IFNy / 
tetramer*tetramer* T cells expressed as percentage. 

tetramerr + T cells (expressed as percentage, 
lowerr panels). Interestingly, EBV-latent antigen 
andd -lyti c antigen specific T cells showed similar 
kineticss during therapy. 

NumbersNumbers of HIV- but not EBV specific T cells 
decreasedecrease during therapy 
Thee sum of circulating tetramer"1" T cells was 
calculatedd from the individual peptide-specific 
CD8++ T cells and expressed as percentage of 
CD8++ T cells for each of the 14 individuals. Since 
noo significant changes were observed f rom 
sampless drawn ear ly and late after start of 
HAART,, we calculated the average of al l 
sampless after start of HAART. A significant 
declinee in HIV-specific CD8 + T cells was observed 
inn most individuals (median from 1.08% before 
therapyy to 0 . 6 1 % after therapy, p = 0 . 0 3 0 , 
Wilcoxon),, except for the non-responding subject 
5577 (open circle). In contrast, numbers of EBV-
specificc T cells did not change significantly af ter 
startt of HAART (median from 0 . 9 1 % before 
therapyy to 0 .75% after therapy, p = 0 . 2 4 , 
Wilcoxon)) (f igure 3A). 

NumbersNumbers of IFNy producing T cells during 
therapy therapy 
Too study whether the functionality of virus-specific 
CD8 ++ T cells was improved by HAART, we 
enumeratedd IFNy producing CD8 + T cells before 
andd after therapy, using the IFNy elispot assay. 
Too compare the kinetics of HIV-specific IFNy 
producingg T cells with EBV-specific IFNy 
producingg T cells before and after therapy for 
thee total study group, the individual peptide-
specificc percentages of CD8+ T cells were summed 
forr 14 individuals. As shown in f igure 3B, no 
significantt changes were observed for HIV-
specificc (median from 0.14 before to 0 .17% of 
CD8++ T cells after therapy) (p=0 .45 , Wilcoxon), 
orr EBV-specific IFNy producing T cells (median 
fromm 0.1 9 before to 0.24 after therapy, p=0 .40 , 
Wilcoxon). . 

Too confirm that the Elispot assay showed relevant 
changess in IFN^ producing CD8+T cells, we tested 
onee individual simultaneously with the Elispot 
assayy and intracellular cytokine staining (49). 
Althoughh intracellular cytokine staining detected 
somewhatt higher numbers of IFN/*" T cells, the 
dynamicss were identical for both assays (Figure 
4). . 

RatioRatio IFNy* / tetramer* T cells during treatment 
Besidess the absolute number of IFNy producing T 
cells,, also the ratio IFNy+ T cells relative to the 
numberr of tetramer* T cells may give an 
indicationn of the functional status of virus-specific 
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C D 8 ++ T cells (189). Therefore, we calculated the 
rat ioo of IFNy producing T cells of the tetramer+ T 
cellss expressed as percentage. W e summed the 
individuall peptide-specific percentages of 
functionall tetramer+ CD8+ T cells, and compared 
thee percentage functional T cells before with the 
ave ragee percentage after therapy. The 
percentagee of functional virus-specific T cells 
increasedd in most individuals for both HIV- and 
EBV-specificc T cells (median from 16 to 3 1 ; 
p = 0 . 0 3 ,, and 23 to 3 9 % ; p = 0 . 0 7 , respectively; 
figuree 3C). 

Onee subject showed an increase in viral load and 
aa decrease in CD4+ T cell numbers (open circle in 
f iguree 3). Another subject responded to therapy 
butt progressed to AIDS shortly before start of 
therapyy (open tr iangle). Indeed these individuals 
showedd several distinct changes in T cells, 
comparedd to the majori ty of the individuals, who 
respondedd positively to treatment. When 
excludingg the one individual with decreasing 
C D 4 ++ T cells, a significant improvement was 
foundd for both HIV and EBV specific T cells 
(Wi lcoxon:: p = 0 . 0 1 0 , and p=0.028, 

respectively). . 

InfluenceInfluence of HAART on EBV load 
Antiretrovirall therapy in principle does not 
inter feree with EBV replication. Therefore changes 
inn EBV load during HAART are likely an effect of 
immune-reconstitution.. The average EBV load did 
nott significantly change after start of HAART 
(mediann from 4.8 to 4.4 log EBV-copies/10ó 

PBMC),, however, substantial longitudinal changes 
weree observed. Several subjects showed a 
tempora ll increase in EBV load shortly after start 
off therapy, fo l lowed by a reduction. In some 
occasions,, temporal peaks in EBV load were 
accompaniedd by paral le l increases in IFN/1" T 
cellss (Figure 5, subjects 5 2 3 , 211). In other 
subjectss EBV-specific IFN)^ T cells and EBV load 
showedd inverse dynamics in time (Figure 5, 585, 
43) .. However, no definite trend was observed. 

Discussion n 
Inn this study we compared HIV and EBV-specific 
C D 8 ++ T cells after start of HAART, using both 
HLA-pept idee tetrameric complexes and IFNy 
elispott to determine the presence and function of 
thesee cells, respectively. As reported previously 
(89 ,230 ,235) ,, we observed that in most 
individuals,, therapy induced a marked decline of 
HIV-specificc CD8 + T cells, whereas numbers of 
EBV-specificc T cells d id not change. The number 
off virus specific T cells as detected by Elispot 
assayss d i f fe red substantially from tetramer 

stainingg results confirming earl ier reports which 
suggestss that not all tetramer+ T cells are 
capablee of I F N / production (189,192,236). The 
ratioo of HIV- and EBV-specific T cells that 
producedd IFN/, increased in the majority of the 
individualss after HAART, which suggests that the 
functionn of virus specific T cells is improved in 
individualss successfully t reated with HAART. 
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FigureFigure 4. Comparison of Elispot and Intracellular 
cyokinecyokine staining in one HAART treated subject. 
OneOne individual tested for virus specific IFNy 
responsesresponses before, shortly after and long after 
startstart of HAART. Elispot and intracellular cytokine 
stainingstaining was performed after stimulation with 
HLA-B8HLA-B8 restricted epitopes as described in table 
2.2. Results are the sum of two tested HIV peptides 
(left(left panels) and two EBV peptides (right panels). 
ElispotElispot results are transformed from number of 
spotsspots to percentage of CDS+ T cells. Percentage 
CD8CD8++ T cells positive for IFNy in Elispot assays or 
intracellularintracellular cytokine staining after stimulation 
withwith HIV or EBV derived peptides show similar 
dynamics. dynamics. 

Despitee the relative improvement of EBV-specific 
TT cells no significant changes were observed in 
EBVV load. The heterogeneity in EBV-load may be 
thee result of temporal elevations observed shortly 
afterr start of treatment. These fluctuations after 
startt of therapy may resemble earlier 
observationss of immune-restoration disorder 
afterr initiation of therapy (237), and may 
obscuree possible effects of EBV-specific IFN/1" T 
cellss on EBV load. Fluctuations in EBV load may 
alsoo occur in the absence of antiretroviral 
therapy,, due to EBV reactivation. In healthy 
controls,, these fluctuations occur less frequently 
andd may be small. In contrast, in HIV-infected 
individualss enormous peaks in EBV load can be 
observedd (Van Baarle et a l . submitted). When 
paral leledd by EBV-specific IFN^* T cells, this 
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Monthss after start of HAART 

FigureFigure  5. Longitudinal dynamics of EBV-specific 
IFNy*IFNy* Tcells and EBVload during HAART. 
ExamplesExamples are given for temporal increases of 
EBVEBV load which are accompanied by increases in 
EBV-specificEBV-specific IFNy* T cells (subjects 523, 211); 
increasingincreasing or decreasing IFNy* T cells and inverse 
dynamicsdynamics in EB V load (subjects 585, 43). 

viremiaa may be controlled. A reduction in EBV-
specificc T cells may allow EBV load to increase; 
inn contrast, a rise in EBV load is likely to tr igger 
thee expansion of EBV specific T cells. Both sorts of 
interactionss were observed in the current study 
population.. Overa l l , it appears that the 
interactionn between the immune system and the 
virall load may be more complex during 
antiretrovirall therapy, than anticipated. 
Inn addit ion, since the EBV load assay measures 
thee total number of EBV cop ies /10 6 PBMC, 
increasee in EBV load may indicate to an increase 
inn copies per cell or an increase in infected B 
cells.. Since the first would be the result of EBV 
replicationn with associated lytic antigen 
expression,, lytic antigen-specific T cells would be 
moree important in control of EBV load. Expansion 
off latently infected B cells may be solely 
controlledd by latent antigen-specific T cells. 
However,, as we observed similar kinetics for 
bothh lytic and latent antigen-specific T cells 
duringg HAART, the influence of both may be the 
samee on EBV load. 

Functionall recovery of virus-specific CD8 + T cells 
mayy be a reflection of improved CD4+ T cell 
help.. Previous studies have shown that CD4+ T 

cellss are important for maintaining the functional 
capacityy of CD8 + T cells. (163). Indeed in our 
study,, without an increase in CD4 + T cells no 
improvementt of T cell function was observed. 
However,, the initial rise in CD4 + T cells is likely to 
bee caused by redistribution (79), which implies 
thatt these cells were present before therapy. 
Likewise,, I F N / producing CD8 + T cells may have 
beenn present before therapy in lymph-nodes, 
andd redistributed to the blood after therapy. 
However,, the number of EBV-specific T cells does 
nott seem to be af fected by redistribution, as 
numberss of EBV-tetramer+ T cells remain 
relativelyy stable. Nonetheless the relative 
proportionn of IFN^" producing T cells does 
improve.. Alternatively, suppression of HIV load 
enhancess polyclonal T cell responsiveness to ant i -
CD33 antibodies (79,238). This may directly or 
indirectlyy improve CD8 + T cell responsiveness 
afterr antigen-specific stimulation. 

Inn this study, we utilized the percentage of IFNy 
producingg T cells within the tetramer+ T cells as 
ann indicator of CD8 + T cell functionality. 
Combiningg the IFNy assay with tetramer staining 
providess further information on the immune 
status,, and indicates that CD8 + T cell functionality 
cann improve without significant increase in 
tetramer++ T cell numbers. Although the total 
numberr of virus-specific tetramer+ CD8 + T cells 
decreasedd and the total number of I F N / ' T cells 
didd not significantly change, the ratio 
IFNy/tetramer++ T cells d id improve, indicating 
thatt the function had improved on a per cell 
basis.. This implies that immune reconstitution can 
bee established and may help to prevent the 
occurrencee of opportunistic infections or 
malignancies.. Assessment of the percentage IFNy 
producingg T cells of tetramer* T cells can b e a 
helpfull tool to monitor functional immune 
reconstitution. . 
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