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Dysfunctionall  Epstein-Barr  viru s (EBV)-specific CD8+ T 
lymphocytess and increased EBV load in AIDS-related non-

Hodgkin' ss lymphoma patients 

Debbiee van Baarle, Egbert Hovenkamp, Margaret F.C. Callan, Katja C. Wolthers, 
Stefann Kostense, Linda C. Tan, Hubert G.M. Niesters, Albert D.M.E. Osterhaus, 

Andreww J. McMichael, Marinus H. J. van Oers and Frank Miedema 

AIDS-relatedd Non-Hodgkin's Lymphoma's (AIDS-NHL ) are thought to arise because of 
losss of Epstein-Barr  Viru s (EBV)-specific cytotoxic T lymphocytes. Here, we 
investigatedd whether  cellular  immunit y to Epstein-Barr  Viru s (EBV) is lost due to 
physicall  loss or  dysfunction and correlated these data with EBV load. For  comparison, 
individual ss who progressed to AID S with Opportunisti c Infections and long-term 
asymptomaticss were studied. The number of virus-specific T cells was detected using 
tetramericc HLA-EBV-peptid e complexes; function of these EBV-specific T cells was 
determinedd using the INFy-ELIspot assay. We observed that EBV-specific CD8+ T cells 
weree not physically lost but rather  lost their  capability to produce IFNy. This loss of 
functionn correlated with lower  CD4+ T cell numbers and was accompanied by 
increasingg EBV load. In long-term asymptomatic HFV-1 infected individuals, in whom 
CD4++ T cell numbers were maintained, IFNy producing EBV-specific T cells were stable 
andd occasional bursts in EBV load were paralleled by increased numbers of functional 
TT cells, suggestive of immune control. Our  data suggest that functional loss of EBV-
specificc CD8+ T cells with a concomitant increase in EBV load may play a role in the 
pathogenesiss of AIDS-NHL . 

Introductio n n 

Infectionn with Epstein-Barr virus (EBV), a 
widespreadd human gamma herpesvirus, 
leadss to viral persistence in a latent form 
inn B-lymphocytes. 1 The initial expansion 
andd reactivation of these latently infected 
BB lymphocytes is controlled by specific 
CD8++ MHC class I-restricted cytotoxic T-
Iymphocytee (CTL) responses. 2 Because 
reactivationn may result in lytic antigen 
expression,, 3 CTL control during this 
stagee of reactivation may involve lytic 
antigen-specificc effector T cells.4 

Duringg immunodeficiency, a higher rate 
off  reactivation of EBV-infection may lead 

too uncontrolled lymphoproliferation. 5 In 
humann immunodeficiency virus (HIV)-
infectedd individuals, the incidence of 
Non-Hodgkin'ss lymphomas (NHL) is 
considerablyy increased and 75% of these 
lymphomass is EBV-positive. 6 These 
acquiredd immunodeficiency syndrome 
(AIDS)-relatedd diffuse large cell NHL are 
thereforee thought to arise because of loss 
off  EBV-specific T cell immunity. 7 

Untill  now, only few cross-sectional 
studiess have been performed to study 
EBV-specificc immunity in AIDS-NHL 
patients.. Some studies show decreased 
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EBV-specificc CTL activity in patients 
withh AIDS and AIDS-related complex. 8 

Inn contrast, other studies by Carmichael 
ett al. and Geretti et al. showed sustained 
EBV-specificc CTL responses with 
decliningg HIV-specific CTL in advanced 
HIV-infection,, suggesting selective loss 
off  HIV-specific CTL. 9; 10 We previously 
reportedd a longitudinal study into the 
kineticss of HIV-1 and EBV-specific CTL 
responsess in HIV-infected individuals 
usingg limiting dilution analysis (LDA) to 
determinee the number of CTL precursors 
(CTLp).. It revealed that in patients with 
AIDS-NHL,, diagnosis of NHL was 
foundd to be preceded by a decrease in 
EBV-CTLpp and an increase in the 
numberr of infected B cells as measured 
inn an in vitro EBV transformation assay. 
7 7 

Thee underlying cause for this loss in EBV-
specificc CTLp is unknown. Recently, 
MHCC class I-peptide tetrameric 
complexes,, to directly visualize, and IFNy 
ELIspott assays, to enumerate functional 
antigen-specificc CD8+ T cells have been 
developed.. 11; n These methods demon-
stratedd much higher frequencies of 
antigen-specificc T cells than estimated by 
LDAA before. Moreover, Combination of 
thesee new methods allowed us to 
investigatee at the peptide level whether 
EBV-specificc CD8+ T cells become either 
deletedd or dysfunctional in patients that 
havee developed AIDS-NHL. In addition, 
usingg a real time quantitative PCR assay, 
thee number of EBV virus particles was 
quantitated.. Presence and function of 
CD8++ T lymphocytes specific for peptides 
fromm both latent and lytic EBV antigens 
weree studied and EBV load was 
measuredd in the course of HIV-infection 
inn AIDS-NHL patients. For comparison, 
HIV-infectedd individuals who progressed 

too AIDS with Opportunistic Infections 
(AIDS-OI)) or were long-term 
asymptomaticc (LTA) were studied. 

Methods s 

Studyy population 

Thiss study was performed on participants 
off  the Amsterdam Cohort studies on 
AIDSS and HIV-1 infection. From these 
individuals,, we selected HIV-positive 
malee individuals according to duration of 
follow-up,, availability of samples and 
HLA-typee (A2 and/or B8). Blood samples 
fromm these (homosexual) individuals were 
collectedd every 3 months for HIV-1 
serologyy and immunological studies. In 
addition,, at all time points peripheral 
bloodd mononuclear cells (PBMC) were 
cryopreserved. . 
Wee analyzed longitudinal PBMC samples 
fromm 5 HIV-infected individuals 
progressingg to AIDS-related diffuse large 
celll  Non-Hodgkin's Lymphoma (NHL), 
startingg at or soon after HIV-1 
seroconversion.. For comparison, we 
studiedd PBMC samples from 3 HIV-
infectedd individuals progressing to AIDS 
(PROG,, classification of the Centers for 
Diseasee Control 1993) with Opportunistic 
Infectionss (OI) and 3 HIV-infected Long-
termm asymptomatic (LTA) individuals 
withh CD4+ T cells counts >500/mm3 

duringg more than 8 years of 
asymptomaticc follow-up. Characteristics 
off  the HIV-1 infected individuals are 
summarizedd in Table 1. 

Floww cytometry and Tetramer staining 
MHCC class I tetramers complexed with 
EBV-peptidess were produced as 
previouslyy described.11 The peptides used 
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Tablee 1. Characteristics HIV- 1 infected individual s 

participant t 
NHL0118 8 
NHL0139 9 
NHL0308 8 
NHL6006 6 
NHL6118 8 

PROG0232 2 
PROG0341 1 
PROG0642 2 
LTA0036 6 
LTA0057 7 
LTA1160 0 

age* * 
36 6 
46 6 
34 4 
41 1 
25 5 
35 5 
33 3 
43 3 
44 4 
39 9 
35 5 

HLAA class I 

A2,3;; B51,60 
A2;; B8,51 
Al ;; B8,51 

A2,32;; B7,35 
A2,3:: B8,37 
Al,3;; B7,8 

A24,28:: B8,13 
A3;; B8,70 

Al,32;; B8,44 
A2,19;; B27,40 

A2;; B8,27 

follow-up* * 
124 4 
87 7 
94 4 
76 6 
25 5 
134 4 
128 8 
39 9 
95 5 
162 2 
128 8 

CD4-counts§ § 
<0.19 9 
<0.06 6 
0.07 7 
0.1 1 
0.19 9 
0.23 3 
0.09 9 
0.04 4 
0.36 6 
0.34 4 
0.24 4 

diagnosiss 11 
NHL L 
NHL L 
NHL L 
NHL L 
NHL L 

Mycobact. . 
PCP P 
PCP P 

--
--
--

*age*age in years at HIV-1 seroconversion or first seropositive visit; t CD4+ T cell numbers at AIDS-
diagnosisdiagnosis or last time point studied for LTA; § seropositive follow-up, from HIV-1 seroconversion or 
firstfirst seropositive visit until AIDS-diagnosis or last time point studied; 11 NHL= B cell non-
Hodgkin'sHodgkin's lymphoma, PCP= Pneumocystis carinii pneumonia, Mycobact.= Mycobact. tuberculosis 
extrapulm. extrapulm. 

weree two immunodominant epitopes 
fromm EBV lyti c cycle proteins, the HLA 
A2-restrictedd epitope GLCTLVAM L (A2-
GLC)) from BMLF-1 and the HLA B8-
restrictedd epitope RAKFKQLL (B8-RAK) 
fromm BZLF-1, and one immunodominant 
epitopee from the latent antigen EBNA-3A, 
thee HLA B8-restricted epitope 
FLRGRAYGLL (B8-FLR). Biotinylated class 
II  peptide complexes were tetramerized by 
additionn of allophycocyanin or 
phycoeryy thrin-conjugated streptavidin. 
Two-colorr fluorescence analysis was 
performedd as previously described. 13 

Briefly,, PBMC were thawed and 1.5 x 106 

cellss were stained in PBS supplemented 
wit hh 0.5% (v/v) bovine serum albumin 
(PBA)) with MHC class I tetramers and 
PerCPP conjugated Mab CD8 (Becton 
Dickinson,, San José, California, USA). 
Afterr staining, cells were washed with 
PBAA and fixed in PBS/1% 
paraformaldehyde,, and at least 250,000 
eventss were acquired using a 
FACSCaliburr flow cytometer (Becton 

Dickinson).. Tetramer-staining was very 
reproduciblee because multiple stainings 
onn PBMC, both frozen and fresh, from the 
samee donor gave similar results. 
Too determine the percentage of dead cells 
inn each sample, a Propidium Iodide 
stainingg was performed. Lymphocytes 
weree gated by forward and sideward 
scatter.. Data were analyzed using the 
softwaree program CELL Quest (Becton 
Dickinson). . 

TT lymphocyte immunophenotyping for 
CD44 and CD8 membrane markers was 
performedd in real time by flow cytometry. 

ELIspott  assay for  single cell IFNy-release 

IFNyy producing antigen-specific T cells 
weree enumerated using IFNy specific 
ELIspott assays as previously described. 12 

96-welII  nylon-backed plates (Nunc, 
Roskilde,, Denmark) were coated 
overnightt with 50 |il of 15 (J.g/ml of anti-
IFNyy mAb, 1-DIK (MABTECH, 
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Stockholm,, Sweden) in 0.1 M 
carbonate/bicarbonatee buffer pH 9.6. 
Afterr 6 wash steps with culture medium 
(RPMI1640,, Gibco BRL, Life Technologies, 
Breda,, The Netherlands) to remove 
unboundd antibody, plates were blocked 
forr 1 h with RPMI 1640 supplemented 
withh 10% FCS. Subsequently, PBMC were 
addedd in triplicate wells at 1 x 105 

cells/welll  in case of HLA B8-restriced 
responsess or 2 x 105 cells/well in case of 
HLAA A2-restricted responses in the 
absencee or presence of 2 uM peptide. As a 
positivee control to test the capacity of 
PBMCC to produce IFNy in general, 
Phytohemoagglutininn (PHA) (Murex 
Diagnostics,, Dartford, UK) was added. 
Culturess were incubated overnight at 
37°CC in 5% CO2. The next day, cells were 
removedd by washing with PBS/0.05% 
Tweenn 20 and the second biotinylated 
anti-IFNyy mAb, 7-B6-1 biotin 
(MABTECH),, was added at 1 ug/ml in 
PBSS and left for 3 h at room temperature, 
followedd by streptavidin-conjugated 
alkalinee phosphatase (MABTECH) for an 
additionall  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 
andd nitro blue tetrazolium (BCIP/NBT, 
Sigma,, St. Louis, Missouri, USA). 
Reactionss were stopped by extensive 
washingg in water. Nylon membranes 
weree dried and spots were counted after 
computerizedd visualization by a scanner 
(Hewlettt Packard Company, Baise, Idaho, 
USA).. The number of specific T cell 
responderss per 106 PBMC was calculated 
afterr subtracting negative control values. 
Becausee the percentage of dead cells and 
thee percentage of CD8+ T cells was 
assessedd in the same samples, the number 

off  specific T cell responders/106 living 
CD8++ T cells could be calculated. This 
assayassay was very reproducible when 
performedd on multiple samples from 
EBV-positivee donors, both frozen and 
fresh,, detecting as low as 1 positive cell 
perr lxl05 PBMC (0.001%), and nicely 
correlatedd with intracellular IFNy staining 
(dataa not shown). 

DNAA extraction and Real-time 
quantitativ ee TaqMan assay 

PBMCC (lxl06) were lysed by addition of 
L6-lysiss buffer. Genomic DNA was 
extractedd by precipitation with 
isopropanoll  and DNA from 2xl05 cells 
wass amplified using PCR primers 
selectivee for the EBV DNA genome 
encodingg the non-glycosylated 
membranee protein BNRF1 pl43. PCR 
amplificationn was performed as 
previouslyy described u using EBV/pl43 
forwardd and reverse primers resulting in 
aa 74 basepairs DNA product. In the PCR 
reactionn a fluorigenic EBV/pl43-specific 
probee was added with a FAM reported 
moleculee attached to the 5' end and a 
TAMRAA quencher linked at the 3' end, 
too detect amplified DNA. Amplification 
andd detection was performed with an 
ABII  Prism 7700 Sequence Detection 
Systemm (PE Applied Biosystems, Foster 
City,, California, USA). Real time 
measurementss were taken and a 
thresholdd cycle value was calculated for 
eachh sample by determining the point at 
whichh the fluorescence exceeded a 
tresholdd limit of 0.04. Each run contained 
severall  negative controls (no template or 
EBV-negativee DNA), a positive control 
(aa known amount of EBV copies) and a 
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standardd dilution of plasmid DNA 
containingg the PCR product as insert, 
whichh was calibrated with an EBV 
quantifiedd standard (Advanced 
Biotechnologiess incorporated, Maryland, 
USA).. The analyzed sensitivity of the 
assayy was between 50 and 5x106 

copies/ml.. Al l reactions were performed 
inn duplicate and only considered 
positivee when both replications were 
abovee the threshold limit . 

Statisticall  analysis 

Too test the relation between CD4+ T cell 
numberss and EBV-specific functional 
CD8++ T cells, EBV-tetramer+ T cells or 
totall  CD8+ T cells, regression analyses 
(mixedd linear model) were performed 
afterr cube root transformation of all 
variables.. To correct for a possible 
correlationn between multiple 
observationss from one person, 
compoundd symmetry (CS) was used as 
correlationn structure using the PROC 
MIXE DD procedure of the software 
programm SAS. 

Results s 

Directt  visualization and functional 
analysiss of EBV-specific CD8+ T 
lymphocytes s 

Too investigate the cause of the defective 
EBV-immunee surveillance in AIDS-NHL 
patients,, we enumerated EBV-specific 
CD8++ T cells using tetrameric HLA-EBV-
peptidee complexes and IFNy-ELIspot 
assayss in the course of HIV-infection. 
CD8++ T cells specific for two epitopes 

LTA1160(A2/B8)LTA1160(A2/B8) NHL0308 (BS) 

FigureFigure 1. Presence and function of lytic 
andand latent EBV antigen specific CD8+ T 
lymphocyteslymphocytes in one LTA individual (left) 
andand one AIDS-NHL patient (right) 
OnOn the x-axis follow-up is indicated in months 
afterafter HIV-1 seropositive entry in the study. 
TheThe arrows indicate the time of NHL-diagnosis 
andand start of therapy. The vertical dotted line 
indicatesindicates the time point at which CD4+ T cell 
countscounts drop below 200/mm3.a. Longitudinal 
analysisanalysis of CD4+ and CD8+ T lymphocyte 
numbers,numbers, b/c/d. Longitudinal analysis of B8-
FLR-FLR- (b), B8-RAK- (c) and A2-GLC- (d) 
specificspecific CD8+ T lymphocytes as assessed by 
tetramertetramer staining (solid line) and IFNyELIspot 
assayassay (dashed line), as described in Methods 

fromm EBV lytic antigens, A2-GLC and B8-
RAK,, and for one epitope from a latent 
antigen,, B8-FLR were studied. In 
preliminaryy studies using IFNy ELIspot 
assay,, the selected EBV-epitopes were 
shownn to be immunodominant, in that 
theyy were recognized by a high frequency 
off  CD8+ T cells (100 to 400 peptide-specific 
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TT cells/106 PBMC) in aU HIV-infected 
individualss studied. HLA-A2-restricted 
latentt antigen specific T cells were not 
presentt or present in a very low range 
(dataa not shown). Therefore, HLA-A2-
restrictedd T cells against latent epitopes 
weree not studied. Once immuno-
dominancee was established the number 
andd function of EBV-peptide specific 
CD8++ T lymphocytes was determined in 
progressorss to AIDS-NHL or AIDS-OI 
andd LTA individuals. Detailed results 
fromm two study participants (1 LTA, 1 
AIDS-NHL)) are shown in figure 1. 
Overall,, in HLA-A2+ and HLA-B8+ 

individualss most EBV-specific CD8+ T 
cellss (0.2% to 3.8% of total CD8+ T cells) 
weree directed against the lytic epitope B8-
RAKK (0.7% to 3.6% in fig. lc), whereas less 
(0.1%-1.6%)) T cells were directed against 
thee latent epitope B8-FLR (0.1% to 1.1% in 
fig.lb).. In HLA-A2+ individuals 0.2% to 
1.2%% of the T cells were directed against 
thee lytic epitope A2-GLC (0.6% to 0.8% in 
fig.. Id). Interestingly, the number of IFNy 
producingg EBV-specific T cells was 
relativelyy stable and high in LTA1160, 
whereass these numbers were lower and 
decreasingg in the course of HIV-infection 
inn AIDS-NHL patient NHL0308 for both 
lyticc and latent antigens. 

Losss of function of EBV-specific CD8+ 

TT lymphocytes in AIDS-NHL patients 

Thee percentage of total circulating 
(tetramer+)) and total number of functional 
(IFNyy producing) EBV-specific CD8+ T 
cellss was calculated from the individual 
peptide-specificc CD8+ T cells (figure 2b, 
3b,, 4b and 5b). In this study population 
0.22 to 6% of the CD8+ T cells were EBV-

AID6-NHLL patients 

NHL6C06(Ayy NHMUS (A2) 

timee (months) 

figurefigure 2 

specificc and approximately 10% of these T 
cellss (range 4.1 to 25.8%) produced IFNy 
inn elispot assay in response to EBV 
peptidess early in infection, (table 2) 
Similarr results were obtained using 
intracellularr IFNy staining after peptide 
stimulation,, (data not shown) 
Inn 4/5 AIDS-NHL patients (NHL6006, 
NHL0118,, NHL6118 and NHL0308) only 
aa moderate decline in the number of 
tetramer++ T cells was observed in the 
coursee of HIV-infection after an initial rise 
inn the first year(s) of HIV-infection (fig. 2b 
andd 3b). One AIDS-NHL patient 
(NHL0139)) even showed sustained 
increasingg numbers of tetramer"1" T cells 
(fig.. 3b). Interestingly, the function of 
thesee EBV-specific T cells decreased more 
rapidlyy in the course of HIV-infection 
thann their numbers were falling. 
Sometimess almost no IFNy-producing 
CD8++ T cells were left after a few years of 
HIV-infectionn (patient NHL6006, fig. 2b, 
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NHL61188 (A2/B8) 

AIDS-NHLL pat ients 

NHL01399 (A2/BS) 

24 4 

NHL0Ï088 (B8) 

30000 & 
P P 
O O 

20000 S 

6 0 A 8 00 300 

TNHL L 

FigureFigure 2-3. Presence and function of EBV-specific CDS* T cells and EBVload in 5HIV-1 
infectedinfected individuals with AIDS-NHL 
OnOn the x-axis follow-up is indicated in months after HIV-1 seropositive entry in the study. The 
arrowsarrows indicate the time of AIDS-NHL diagnosis, start of antiretroviral therapy (DDI) and HIV-1 
seroconversionseroconversion (HIV+). The vertical dotted line indicates the time point at which CD4+ T cell counts 
dropdrop below 200/mm3. The horizontal dotted line indicates the tresholdfor the number oflFNy 
producingproducing T cells. 
FigureFigure 2/3a. Longitudinal analysis of CD4+ and CD8+ T lymphocyte numbers. 
FigureFigure 2/3b. Longitudinal analysis of EBV-specific CD8+ T lymphocytes as assessed by tetramer 
stainingstaining as a composite of all tested tetramers (solid line) and IFN/ELIspot assay (dashed line), as 
describeddescribed in Methods. 
FigureFigure 2/3c. Longitudinal analysis of EBV-load, expressed as the number of virus copies per 106 

PBMCPBMC (solid line), in comparison with the number of functional EBV-specific CD8+ T lymphocytes 
perper 106CD8+T cells (dashed line). 

andd B8-FLR-specific T cells in NHL0308, 
fig.fig. lb) or near lymphoma diagnosis 
(patientt NHL0118, fig. 2b). In the course 
off  HIV-infection, numbers of functional 
CD8++ T cells could be as high as 4000 /106 

CD8++ T cells but eventually dropped 
beloww 250 for A2-restricted responses 
(NHL6006,, NHL118), below 500 for B8-

restrictedd responses (NHL0308) and 
beloww 800 for A2+B8-restricted responses 
(NHL6118,, NHL0139) (fig. 2b and 3b, 
respectively).. This loss of function was 
observedd for both lytic and latent antigen-
specificc T cells (patient NHL0308, fig.lb 
andd c). 
Althoughh the proportion of tetramer+ T 



9292 Chapter 5 

cellss that produced IFNy could be 
betweenn 15 and 30% early in HIV-
infectionn (NHL6006 and NHL0118, table 
2),, this percentage decreased in the course 
off  HIV-infection, leaving less than 3% of 
thee tetramer+ T cells to produce IFNy 
alreadyy a few years before AIDS-NHL 
diagnosiss (NHL6006, NHL0118, 
NHL01399 and NHL0308, table 2). 

Inn LTA, the number of EBV-specific T 
ceUss decreased (LTA0036), increased 
(LTA1160)) or remained stable (LTA0057) 
inn the course of HIV-infection. (fig. 4b) 
However,, absolute numbers of IFNy 
producingg T cells were stable in LTA 
comparedd to AIDS-NHL patients and 
rangedd from +/- 250 to 400/106 CD8+ T 
cellss for A2-restricted responses 
(LTA0057)) and +/- 1100 to 7500 T 
cells/1066 T cells for (A2+) B8-restricted 
responsess (LTA0036 and LTA1160) (fig. 
4b).. Moreover, the percentage tetramer+ T 

LTA0036(B8) ) 

cellss that produced IFNy was stable in the 
coursee of HIV-infection compared to 
AIDS-NHLL (table 2). 

Progressorss to AIDS-OI showed low 
percentagee of tetramer+ T cells (range 
0.3-1.8%)) and IFNy producing T cells 
(rangee +/- 300 to 800/106 CD8+ T cells) 
specificc for EBV (fig. 5b). But both 
numberr of tetramer+ T cells and IFNy 
producingg T cells were relatively stable 
inn the course of HIV-infection. 
Functionall  capacity of EBV-specific CD8+ 

TT cells only selectively decreased in slow 
progressorr PROG0341 prior (3 months) 
too AIDS-diagnosis to almost zero (fig. 
5b),, at which the proportion of tetramer+ 

TT cells that produced IFNy was 0.5% 
(tablee 2). For fast progressor PROG0642 
bothh number and function decreased 
onlyy after AIDS-diagnosis (fig. 5b), and 
thee percentage tetramer+ T cells that 
producedd IFNy did not decrease below 

LTA A 

LTA0057W2) ) VTA1160(A2/B8) VTA1160(A2/B8) 

400 80 120 160 

timee (months) 

400 80 120 160 
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progressorss to AIDS-OI 

PROG02322 (BS) PROG0341 (BS) PROG06422 (BS) 

00 40 80 12O.1Ê0 

HAARTlr*OI I 

timee (months) 

FigureFigure 4-5. Presence and function ofEBV-specific CDS* T cells and EBV load in 3 HIV-1 
infectedinfected LTA individuals (fig.4) and 3 HIV-1 infectedindividuals progressing to AIDS-
OI(fig.5). OI(fig.5). 
OnOn the x-axis follow-up is indicated in months after HIV-1 seropositive entry in the study. The 
arrowsarrows indicate the time ofAlDS-diagnosis (NHL or OI), start of'antiretroviral therapy (DDI) and 
HIV-1HIV-1 seroconversion (HIV*). The vertical dotted line indicates the time point at which CD4+ T cell 
countscounts drop below 200/mm3. The horizontal dotted line indicates the tresholdfor the number of IFNy 
producingproducing T cells. 
FigureFigure 3/4a. Longitudinal analysis ofCD4+ and CD 8* T lymphocyte numbers. 
FigureFigure 3/4b. Longitudinal analysis of EBV-specific CD8+ T lymphocytes as assessed by tetramer 
stainingstaining as a composite of all tested tetramers (solid line) and lFNyELlspot assay (dashed line), as 
describeddescribed in Methods. 
FigureFigure 3/4c. Longitudinal analysis of EBV-load, expressed as the number of virus copies per 106 

PBMCPBMC (solid line), in comparison with the number of functional EBV-specific CD8+ T lymphocytes 
perper W CD8+T cells (dashed line). 

3%.. (table 2) PROG0232, a slow 
progressorr to AIDS, even showed an 
increasee in functionality just after start of 
highlyy active antiretroviral therapy 
(HAART)) and just before AIDS-
diagnosiss (fig.5b). 

Thiss leads to an increase in the total 
numberr of IFNy producing T cells from 
+ /-- 800 to 2400/106 CD8+ T cells and the 
percentagee tetramer+ T cells that 
producedd IFNy from + /- 15 to 56% (table 
2). . 
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Tablee 2. IFNy producing CD8+ T cells as % of tetramer*  T cells at all time points 

timepoint t 

patient t 

NHL0118 8 

NHL0139 9 

NHL0308 8 

NHL6006 6 

NHL6118 8 

LTA0036 6 

LTA0057 7 

LTA1160 0 

PROG232 2 

PROG341 1 

PROG642 2 

1 1 

8.4 4 

5.6 6 

5.3 3 

14.8 8 

25.6 6 

9.4 4 

4.1 1 

13.7 7 

13 3 

5.8 8 
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ForFor each timepoint the percentage tetramer* CD8+ T cells that produced IFNy is presented. The 
underlinedunderlined numbers indicate the last timepoint before or timepoint at AIDS-diagnosis. Bold numbers 
indicateindicate first timepoint after start of anti-retroviral therapy. 

EBV-specificc CD8+ T lymphocyte 
functionn is dependent on CD4* T cells 
Wee investigated whether there was a 
possiblee relation between CD4+ T cell 
numberss and the number of EBV-specific 
CD8++ T cells (fig.2a, 3a, 4a, 5a). In 4/5 
AIDS-NHLL patients, loss of functional 
EBV-specificc CD8+ T cells (fig. 2b/c and 
3b/c)) was related in time to a drop in 
CD4++ T cell counts below 200/mm3 (fig. 
2aa and 3a). Moreover, when CD4+ T cell 
countss increased after anti-retroviral 
treatmentt (DDI) in patient NHL308, a 
parallell  increase in the number of 
functionall  B8-FLR-specific CD8+ T cells 
wass observed, (fig. lb) 
Inn LTA and PROG0232, who did not 
showw a functional loss of EBV-specific 
CD8++ T cells (fig. 4b, 5b), CD4+ T cell 
numberss were stable during most time 
pointss of follow-up, slowly decreased at 
thee end of follow-up, but never dropped 
beloww 200 CD4+ T cells/mm3 (fig. 4a, 5a). 

HAARTT could increase the number of 
functionall  EBV-specific T cells, (fig. 5b) 
CD4++ T cell counts in progressors 
PROG03411 and PROG0642 dropped 
beloww 200/mm3 after 125 and 34 
months,, respectively (fig. 5a, 5b). Here, 
losss of function was initially paralleled 
byy decrease in number, suggesting that 
losss of EBV-specific T cells is caused by 
physicall  deletion. Only at the last time 
pointt in patient P0341 function was 
selectivelyy lost. (fig. 5b) 
Indeed,, when CD4+ T cell numbers 
measuredd at all timepoints were plotted 
againstt the number of EBV-specific CD8+ 

TT cells that produced IFNy a correlation 
wass found (B = 0.076), which was highly 
significantt (p<0.037), whereas no 
correlationn was found between CD4+ T 
celll  numbers and the number of 
tetramer++ T ceUs (B = -0.043) (figure 7). In 
addition,, no correlation was found 
betweenn CD4+ T cell numbers and CD8+ 
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TT cell numbers, indicating that the 
correlationn between CD4+ T cells and the 
numberr of functional EBV-specific T cells 
wass not due to an increase in total CD8+ 

TT cells (data not shown). 
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/jr£ur ee 5. Correlation CD4+ T cell 
numbersnumbers and functional EBV-specific 
CDS*CDS* T cells 
CD4CD4++  T cell numbers (cube root transformed) 
ofof all time points of the 11 HIV-1 infected 
individualsindividuals are shown, plotted against a) total 
numbernumber of functional EBV-specific CD8+ T 
cells/10cells/1066 T cells (cube root transformed), 
determineddetermined by IFNy ELIspot assay and b) the 
cumulativecumulative percentage EBV-tetramer* CD8+ T 
cellscells (cube root transformed), assessed by 
stainingstaining PBMC with HLA-EBV-peptide 
tetramerictetrameric complexes. 

Functionall  loss of EBV-specific CD8+ T 
lymphocytess is paralleled by an 
increasee in EBV load 

Too investigate whether loss of functional 
TT cells is associated with an increase in 
EBVV load and whether this precedes the 
developmentt of AIDS-NHL, EBV 
load/1066 PBMC was determined using a 
reall  time quantitative PCR (Q-PCR). 
Indeed,, as shown in figure 2c and 3c, 
losss of EBV-specific CD8+ T cell function 
wass associated with an increase in EBV 
loadd in AIDS-NHL patients. 
Inn patient NHL0139 and NHL0308 
functionall  EBV-specific CD8+ T cells 
decreasedd after initial suppression of 
EBVV load, resulting in an increase of EBV 
loadd near lymphoma diagnosis, (fig. 3c) 
Afterr start of DDI treatment in patient 
NHL308,, the increase in functional EBV-
specificc CD8+ T cells led to a small 
reductionn in EBV load (fig.3c). In patient 
NHL01188 (fig. 2c) the gradual loss of 
functionn of EBV-specific CD8+ T cells is 
paralleledd by a gradual increase in EBV 
load. . 

Inn patient NHL6006 and NHL6118, loss 
off  function of EBV-specific CD8+ T cells 
wass associated with high EBV peak 
loads,, (fig. 2c, 3c) The subsequent 
increasee in functional EBV-specific CD8+ 

TT cells was followed by a decrease in 
EBVV load, but EBV load increased again 
whenn T cell function was subsequently 
lostt at AIDS-NHL diagnosis. (fig.2c and 
3c).. Especially for patient NHL6118 (fig. 
3c),, who had an EBV load of 9xl05 copies 
att AIDS-NHL diagnosis, this leads to a 
veryy high EBV load per IFNy producing 
TT cell. 

Inn contrast, in LTA occasional EBV peak 
loadss were paralleled by an increase in 
thee number of functional EBV-specific 
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CD8++ T cells after which EBV load 
decreasedd (fig. 4c). All three progressors 
too AIDS-OI also showed an initial 
increasee in functional EBV-specific T 
cellss together with an increase in total 
numberr of tetramer4 T cells, after which 
EBVV load decreased, (fig. 5c) At AIDS-
diagnosis,, although functional EBV-
specificc T cells were lost in some patients 
(PROG0341),, EBV load was low. 
HAART,, which led to an increase in the 
numberr of IFNy producing CD8+ T cells, 
resultedd in a decrease of EBV load in 
PROG02322 (fig.Sc). 

Discussion n 

Too investigate the cause of the defective 
EBV-immunee control in AIDS-NHL 
patients,, we studied number (using 
MHC-classs I-tetramers) and function 
(usingg IFNy elispot assay) of EBV-
specificc CD8+ T lymphocytes in the 
coursee of HIV-infection in relation to 
EBVV load. This is, to our knowledge, the 
firstt longitudinal study demonstrating a 
dichotomyy between direct visualization 
andd functional assays enumerating IFNy-
producingg antigen-specific T cells. The 
majorr conclusions from our study are (1) 
InIn AIDS-NHL patients EBV-specific 
CD8++ T cells are lost preferentially at the 
functionall  level and are not physically 
lost.. (2) Loss of EBV-specific CD8+ T cell 
functionn is correlated with lower CD4+ T 
celll  numbers. (3) Increasing EBV load 
correlatess with loss of EBV-specific 
immunity.. (4) The number of T cells 
directedd against lytic antigens is higher 
thann against latent antigens. 
Thee observed correlation between loss of 
functionn of EBV-specific CD8+ T cells 

andd lower CD4+ T cell numbers, 
indicatess an important role for CD4+ T 
cellss in maintaining the functional 
capacityy of CD8+ T cells. Our data are in 
goodd agreement with studies on T helper 
dependencee of LCMV-specific CTL in 
mousee models. 15_17 A critical role for 
CD4++ T cells has also been shown during 
immunizationn 18 and progressive loss of 
CTLL in the absence of adequate helper 
celll  function has been demonstrated for 
severall  murine viral infections. 19~21 

Furthermore,, CD4+ T cells also appear to 
bee essential for long-term persistence of 
adoptivelyy transferred virus-specific 
CTLL in humans.17; ^ 2 3 

InIn the natural course of HIV-infection, it 
hass been shown that progressors to 
AIDSS lose CD8+ CTL when functional 
HIV-specificc CD4+ T cells disappear. In 
contrast,, in non-progressors, who have 
stablee CD4+ T cell numbers, HIV-specific 
CTLL responses can be sustained for long 
timestimes 24"27 indicating that sustained HIV-
specificc helper activity is required for 
maintenancee of functional CD8+ T cell 
responses.24;; 28; 29 

Thee fact that the majority of EBV-specific 
CD8++ T cells were directed against lytic 
epitopes,, suggests that these lytic antigen-
specificc T cells play a role not only during 
acutee infection M but also in controlling 
EBVV reactivation by eliminating virus-
producingg cells at an early stage. Loss of 
functionall  lytic-antigen specific CD8+ T 
cellss could therefore lead to an increase in 
thee number of virus particles as we 
indeedd observed. As the pool of EBV-
infectedd B cells grows, there is an 
increasedd risk for subsequent genetic hits 
resultingg in malignant outgrowth of EBV-
infectedd B cells. Because functional CD8+ 

TT cells specific for latent antigens appear 
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too be lost as well newly developed tumor 
cellss wil l not be destroyed. Our data 
suggestt that loss of both lytic and latent 
antigenn specific CD8+ T cells may be risk 
factorss for development of AIDS-NHL. 

InIn HIV-infection, 0.2 to 6% of the CD8+ T 
cellss were found to be EBV-specific. In 
LTAA approximately 6% (range 4.1-8.4%) 
off  the HLA-A2-restricted EBV-specific T 
cellss and 15% (range 5.5- 28.5%) of the 
HLA-B8-restrictedd EBV-specific T cells 
producedd IFNy in response to EBV 
peptides.. This is comparable to results 
recentlyy reported for healthy HIV-
seronegativee EBV carriers, where the 
percentagee IFNy producing T cells 
rangedd from 11 to 53% (avg of 25%). 31 

However,, in AIDS-NHL patients and 
2/33 other progressors to AIDS the 
numberr of IFNy producing T cells was 
foundd to be lower already early in HIV-
infectionn and to decrease rapidly in the 
coursee of HIV-infection in AIDS-NHL 
patients,, resulting in a much lower 
percentagee (<3%) of IFNy producing T 
cellss per tetramer+ T cell population. 
Therefore,, our data indicate that next to 
tetramerr staining, functional analysis of 
antigen-specificc T cells is required to 
fullyy appreciate the role of CD8+ T cells 
inn various clinical conditions. The 
observedd discrepancy between number 
andd function of EBV-specific CD8+ T 
cellss is underscored by the finding that 
CD4++ T cell numbers correlated with the 
numberr of IFNy producing EBV-specific 
CD8++ T cells but not with the number of 
tetramer44 CD8+ T cells. 

Thee observed low percentage of IFNy 
producingg T cells is not likely to be a 
consequencee of susceptibility to rapid 
activation-inducedd cell death in vitro, 

causedd by pre-activation in vivo. Since 
tetramer-stainingg results before and after 
stimulationn are virtually the same (data 
nott shown), this indicates that antigen-
specificc cells are not lost after stimulation. 
Inn addition, when dead cells are included 
inn the analysis no increase in the 
percentagee of tetramer*  T cells was 
observed,, suggesting that even if cells are 
lost,, this is not occurring selectively in the 
EBV-specificc CD8+ T cells. Furthermore, 
wee studied expression of CD69, which has 
beenn shown to be highly expressed on 
non-responsivee T cells in LCMV-infected 
CD44 knock-out mice. 17 However, 
expressionn of CD69 was low, reaching no 
higherr levels than 5% of the tetramer+ T 
cells,, (data not shown) Indeed it has been 
shownn that compared to healthy 
individualss a higher percentage of PBMC 
fromm HIV-infected individuals undergo 
apoptosiss after overnight stimulation. 32 

However,, death of T cells was not 
correlatedd with CD4+ T cell numbers or T 
celll  function, not specifically observed in 
certainn T cell subsets and was not confined 
too expression of T cell activation markers. 
333 Moreover, it has been shown that virus-
specificc CD8+ T cells are able to rapidly re-
initiatee cytokine production after recent 
stimulation.. M Thus, even if the EBV-
specificc T cells are recently activated or 
preactivatedd in vivo, this would result in a 
rapidd production of IFNy. Overall, these 
observationss make a considerable death of 
EBV-specificc T cells in vitro unlikely. 
Thee low percentage of IFNy producing T 
cellss was also not due to a suboptimal 
assayy condition, since the elispot assay 
wass shown to detect virtually all 
antigen-specificc T cells when a T cell 
clonee was analysed (data not shown). 
Furthermore,, the percentage IFNy 
producingg T cells as assessed by 
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intracellularr staining was similar to the 
percentagee of IFNy producers found by 
elispott assay in both healthy controls 
andd patients (data not shown). 

Thee phenomenon of dysfunction has also 
recentlyy been shown for Hepatitis C 
viruss 35 during a period of acute 
infection,, for tumor-specific T cells in 
melanomaa patients 36 and for HIV-
specificc T cells. 37 This state of 
dysfunctionn has been shown to occur 
bothh at the level of IFNy production and 
cytolyticc activity. 35; 36 In addition, in 
healthyy individuals there is a correlation 
betweenn IFNy producing T cells and 
CTLprecursorr (CTLp) frequencies. 31 

Furthermore,, our own observations 
indicatee that the number of CTLp 7 and 
IFNyy producing T cells correlate and 
bothh decreased in the course of HIV-
infectionn in AIDS-NHL patients. 

Thus,, in AIDS-NHL patients we 
observedd a loss of function of EBV-
specificc CD8+ T cells, sometimes 
occurringg after an initial increase. 
Duringg this increase a positive 
correlationn with EBV load was observed, 
whereass loss of function was 
accompaniedd by increased EBV load 
leadingg to an inverse correlation. 
Overall,, EBV load increased when the 
numberr of functional T cells dropped 
beloww 500/106 T cells in case of B8-
restrictedd responses and 250/106 T cells 
inn case of A2-restricted responses. This 
suggestss that finally in AIDS-NHL 
patientss indeed immune control over 
EBVV seemed to be lost. 
Surprisingly,, in LTA enormous transient 
burstss of EBV load were observed. These 
peakss in viral load were paralleled by 
expansionss of functional CD8+ T cells 

specificc for EBV. Since EBV load 
subsequentlyy decreased these cells 
apparentlyy were able to control EBV 
viremia.. Although loss of function of 
CD8++ T cells specific for EBV was 
observedd in one progressor to AIDS-OI, 
thiss was not paralleled by an increase in 
EBVV load. It could however be that this 
individuall  eventually would have 
developedd AIDS-NHL had he not 
developedd AIDS-OI. 
Becausee not all AIDS-NHL patients 
showedd complete loss of function of 
EBV-specificc T cells, there might be 
additionall  factors critical for 
developmentt of lymphomas in HIV-1 
infectedd individuals. 

Thee development of AIDS-NHL is a 
multifactoriall  process involving at least 
virologicall  and immunological 
parameters.. Thus, both determinants are 
requiredd to obtain a complete picture of 
thee virus-host balance. We show that not 
justt the total number of circulating EBV-
specificc CD8+ T cells, but mainly the 
numberr of functional EBV-specific CD8+ 

TT cells are important in keeping EBV 
infectionn under control. When functional 
EBV-specificc CD8+ T cells start to 
decrease,, in most cases as a consequence 
off  a decrease in CD4+ T cells, this 
decreasee is paralleled by an increase in 
EBVV load. To predict the occurrence of 
ann AIDS-NHL, all these factors should 
bee taken into consideration. 
Inn conclusion, our data suggest that 
functionall  loss of EBV-specific CD8+ T cells 
withh a concomitant increase in EBV load 
seemss important in the pathogenesis of 
AIDS-NHLL and that the defective 
functionn of EBV-specific CD8+ T cells in 
AIDS-NHLL patients may be secondary to 
aa lack of CD4+ T cell help. 
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