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Differentiall  restoration of functional Epstein-Barr  Viru s 
andd Human immunodeficiency virus-1 specific CD8+ T cells 

durin gg antiretrovira l therapy 

Stefann Kostense, Sigrid A. Otto, Gerlinde J. Knol, Erik H. Manting, Marinus H.J. van Oers, 
Frankk Miedema and Debbie van Baarle 

Inn this study we investigated the effect of highly active anti-retrovira l therapy 
(HAART )) on HIV - and EBV-specific CD8+ T cells in 17 HIV- 1 infected individuals, 
usingg a combination of both direct visualisation of virus-specific T cells with 
tetramericc HLA-peptid e complexes, and functional analysis, using IFNy elispot 
assayss after  peptide-stimulation. HAART induced a decrease of HIV-specific CD8+ T 
cellss in most individuals, both in number  and function, whereas numbers of EBV-
specificc T cells did not change. Numbers of IFNy producing EBV-specific T cells 
increasedd in the majorit y of the individual s after  HAART , resulting in higher 
numberss of functional EBV-specific CD8+ T cells as compared to HIV-specific T cells 
andd leading to a higher  percentage IFNy+/tetramer+ T cells. An increase in the 
numberr  of EBV-specific IFNy* T cells was accompanied by a decrease in EBV load 
afterr  HAART.  In addition, a positive trend was found between CD4+ T cell numbers 
andd the number  of IFNy producing EBV-specific CD8+ T cells in HIV-infected 
individual ss with CD4* T cell counts below 200/ul blood at initiatio n of HAART , 
suggestingg that recovery of CD4+ T cells is important to improve the functional 
capacityy of CD8+ T cells. These data indicate that loss of HIV antigenic pressure 
leadss to a decline in HIV-specific T cell numbers in patients on HAART . In case of 
EBV,, where load is not directly influenced by HAART , restoration of CD4+ T cell 
numberr  leads to functional restoration of EBV-specific CD8+ T cells, resulting in a 
decreasee in EBV load. 

Introductio n n 

Inn human viral infections, MHC class I-
restrictedd CD8+ cytotoxic T cells (CTL) 
aree the main mediators of viral clearance 
orr control of viraemia. 1; 2 Primary 
infectionn with Epstein-Barr virus (EBV), a 
widespreadd human gamma herpesvirus, 
andd reactivation of latently EBV-infected 
BB lymphocytes is controlled by specific 
CTLL responses. 3 In contrast, in HIV-
infection,, despite the efficacy of HIV-
specificc CTL to suppress viral replication 

earlyy in infection, 4 CTL do not contain 
andd eventually seem to lose control of 
HIVV viral replication completely. 5 

Furthermore,, during HTV-induced 
immunodeficiency,, a higher rate of 
reactivationn of EBV-infection occurs 
whichh may lead to uncontrolled 
lymphoproliferation,, 6 indicating that 
apartt from HIV also other viruses like 
EBVV can no longer be contained. 
Differentt techniques are now being 
employedd which detect either presence 
orr function of virus specific T cells. 
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Stainingg with tetrameric MHC-peptide 
complexess 7 can enumerate CD8+ T cells 
withh peptide specific T cell receptors, and 
theirr use revealed a much higher 
frequencyy of antigen-specific circulating T 
cellss than estimated before by Limiting 
Dilutionn Analysis. 8_1° 51Cr release assays 
andd cytokine detection assays, like IFNy 
ELIspott assays, " assess the number of 
functionallyy reactive T cells at the 
peptidee level. By detecting virus-specific 
CD8++ T cells by both tetrameric MHC-
peptidee complexes and IFNy production, 
Zajacc et al. showed that LCMV- infected 
CD44 knock out mice mounted substantial 
numberss of LCMV specific tetramer+ T 
cells,, but had decreased numbers of IFNy 
poducingg T cells compared to wild type 
mice.. 12 In addition, we have observed 
decreasedd numbers of IFNy producing 
HIV-specificc (Kostense et al. submitted) 
andd EBV-specific CD8+ T cells in HIV-
infectedd individuals (Van Baarle et al. 
submitted).. In addition, HIV-infected 
individualss have higher EBV load and in 
HIV-infectedd individuals progressing to 
AIDS-relatedd non-Hodgkin's lymphoma 
(AIDS-NHL),, loss of EBV-specific T cell 
functionn in the course of HIV-infection 
wass paralleled by increasing EBV load 
(Vann Baarle et al. submitted). Appay et al. 
showedd that HIV-specific T cells indeed 
lackedd perforin, an important effector 
moleculee in killin g virus infected cells.13 

Becausee of the functional deficiency of 
CD8++ T cells, at this time for HIV-infected 
individualss antiretroviral drugs are the 
onlyy means to suppress HIV RNA load. 
Althoughh monitoring of treatment with 
combinationss of antiretroviral drugs 
havee mainly focussed on suppression of 
virall  load and reconstitution of CD4+ T 
celll  numbers, improvement of CTL 
functionn is considered an important goal, 

especiallyy in the context of the recently 
reportedd structured-treatment-interrup-
tionn trials. Until now, evaluation of anti-
HIV-specificc CD8+ T cells has been 
dominatedd by observations of decreased 
HIV-specificc CD8+ T cell numbers 
possiblyy due to decreased antigen 
burdenn 14 without further detailed 
functionall  analysis. 15 Furthermore, the 
effectt of HAART on EBV immunity and 
EBVV load, of which the latter is often 
highh in HIV-infected individuals, has not 
beenn evaluated. Because of the reported 
positivee correlation between CD4+ T cell 
numberss and effective antiviral CD8+ T 
cells,, 12; 16 therapy-induced restoration of 
CD4++ T cell numbers is expected to lead to 
functionall  restoration of virus-specific 
CD8++ T cells. 
Inn this study, we have used a 
combinationn of both direct visualisation, 
usingg tetrameric HLA-peptide com-
plexes,, and functional analysis, using 
IFNyy elispot assay, of HIV-specific CD8+ 

TT cells and compared kinetics of HIV-
specificc T cells with EBV-specific CD8+ T 
cellss after highly active antiretroviral 
therapyy (HAART). Using these 
techniquess simultaneously, also the 
fractionn of functional cells (IFNy 
producingg T cells) of the total amount of 
antigen-specificc T cells (tetramer+ T cells) 
wass assessed. In addition, using real time 
quantitativee PCR assay, the number of 
EBVV virus particles was quantitated to 
studyy the possible impact of HAART on 
EBVV load. 

Material ss and methods 

Studyy population 

Thiss study was performed on 
participantss of the Amsterdam Cohort 
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studiess on AIDS and HIV-1 infection. 
Wee selected HIV-seropositive male 
individualss according to HLA-type A2, 
Al l ,, B8, or B57. Peripheral blood 
mononuclearr cells (PBMC) were 
cryopreservedd according to a standard 
protocoll  in a computerized freezing 
device. . 
Wee analyzed longitudinal PBMC samples 
fromm 17 HTV-infected individuals on 

HAARTT consisting of a triple drug 
regimen.. Two of these individuals could 
onlyy be investigated either for EBV or 
HIVV responses alone, because of their 
HLAA types. Several individuals were 
treatedd with 2 reverse transcriptase-
inhibitorss prior to addition of the 
proteasee inhibitors. Characteristics of the 
HIV-11 infected individuals are 
summarizedd in Table 1. 

Tablee 1: Characteristic of HIV- 1 infected homosexual men on HAART 

Patientt HLA Baseline CD4+ T cell Baseline viral load CD4 Load 
countt / \i\ blood * / \i\ serum response* responsê 

1 1 

8 8 

36 6 

43 3 

156 6 

211 1 

270 0 

371 1 

523 3 

545 5 

557 7 

585 5 

665 5 

678 8 

692 2 

1113 3 

1194 4 

A2 2 

A2 2 

B8 8 

A2,B8 8 

A11,B8 8 

A2,B8 8 

A2,B8 8 

B57 7 

B8 8 

A2,B8 8 

A2,B8 8 

A2 2 

A2 2 

A l l l 

B8 8 

B8,B57 7 

A11,B8 8 

120 0 

170 0 

150 0 

440 0 

420 0 

270 0 

100 0 

310 0 

310 0 

350 0 

130 0 

100 0 

420 0 

80 0 

170 0 

280 0 

350 0 

180 0 

12 2 

93 3 

51 1 

98 8 

54 4 

81 1 

166 6 

310 0 

90 0 

17 7 

1 1 

200 0 

150 0 

340 0 

66 6 

110 0 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

--

+ + 

+ + 

--

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

--

+ + 

+ + 

+ + 

*HIV*HIV viral RNA copies/nl serum 
## Increased CD4+ T cell numbers (to above 200/fil) after start of therapy = +; no change or decreased 
CD4+CD4+ T cell numbers = -. 
JJ Decreased HIV viral load after start of therapy = +; no change or increased viral load = -. 
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Tetramericc HLA-peptid e complex 
formation n 

Refoldingg of HLA class I heavy chains 
andd tetramer formation was performed 
ass described previously. 7 HLA class I 
heavyy chains and 02 microglobulin were 
constructedd in pET plasmids (Novagen) 
andd expressed in BL21 E.coli strains. 
Heavyy chain, fi2m and peptides were 
refoldedd by dilution. 17 Subsequently, 
MHCC class I tetramers complexed with 
EBVV and HIV-peptides were produced as 
previouslyy described. 7 The peptides used 
(Isogen,, Maarssen, The Netherlands) are 
listedd in table 2. Refolded HLA peptide 
complexess were biotinylated, FPLC 
purifiedd using an H16/60 Superdex 200 
columnn (Pharmacia). Purified complexes 
weree bound to streptavidin-
phycoerythrinn or streptavidin-APC 
(Sigma).. Tetrameric product was FPLC 
purifiedd and concentrated using amicon 
stirr cells. 

Floww cytometry and tetramer  staining 

Three-- or four-color fluorescence analysis 
wass performed as previously described. 18 

Briefly,, PBMC were thawed and 1.5 x 106 

cellss were stained in PBS supplemented 
withh 0.5% (v/v) bovine serum albumin 
(PBA)) with MHC class I tetramers (PE and 
APC),, PerCP conjugated Mab CD8 
(Bectonn Dickinson, San José, California, 
USA)) and anti-CD27-FITC (CLB, 
Amsterdam,, The Netherlands). After 
staining,, cells were washed with PBA and 
fixedd in PBS/1% paraformaldehyde, and 
att least 250,000 events were acquired 
usingg a FACScalibur flow cytometer 
(Bectonn Dickinson). 

Too determine the percentage of dead cells 
inn each sample, propidium iodide staining 
wass performed. Lymphocytes were gated 
byy forward and sideward scatter. Data 
weree analyzed using the software 
programm CELL Quest (Becton Dickinson,). 

ELIspott assay for single cell IFNy-release 

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

Nylon-backedd 96-well plates (Nunc, 
Roskilde,, Denmark) were coated 
overnightt with 50 ul of 15 ng/ml of anti-
IFNyy mAb, 1-DIK (MABTECH, 
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// well in the absence or presence of 
2uMM peptide (table 2). As a positive 
controll  to test the capacity of PBMC to 
producee IFNy upon antigen independent 
stimulation,, Phytohemoagglutinin (PHA) 
(Murexx Diagnostics, Dartford, UK) was 
added.. Cultures were incubated overnight 
att 37°C in 5% CCh. The next day, cells 
weree removed by washing with 
PBS/0.05%% Tween 20 and the second 
biotinylatedd anti-IFNy 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 
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Tablee 2. Peptides used in tetramer formation and ELISpot assay stimulation 

HLAtyp e e 
A2 2 

A l l l 

B8 8 

B57 7 

EBV V 
protein n 
BMLF-1: : 

EBNA-3B: : 
EBNA-3B: : 

BZLF-1: : 
EBNA-3A: : 

nt t 

peptide e 
GLCTLVAM L L 

IVTDFSVIK K 
AVFDRKSDAK K 

RAKFKQLL L 
FLRGRAYGL L 

HI V V 
protein n 
Gag g 
Pol l 

Gag g 
Nef f 

Gag_ _ 

peptide e 
SLYNTVATL L 
ILKEPVHGV V 

nt t 
nt t 

EIYKRWII I 
FLKEKKGL L 

KAFSPEVIPMF F 
nt=nt= none tested 

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 
assayy was very reproducible when 
performedd on multiple samples from 
EBV-positivee donors, detecting as low as 1 
positivee cell per lxlO5 PBMC (0.001%). 

Vira ll  load determination 

HIVV RNA load was quantitated in serum 
usingg NASBA (Organon Teknika, Boxtel, 
Thee Netherlands). For EBV load 
measurementss in PBMC a real time 
quantitativee Taqman assay was used. 

PBMCC (lxlO6) were lysed by addition of 
L6-lysiss buffer. 19 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. 20- 21 

PCRR amplification was performed as 
previouslyy described ^ 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 
standardd dilution of plasmid DNA 
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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 5xl06 

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

Statisticall  analysis 

Too compare HIV- or EBV-specific 
tetramer++ and IFNy producing CD8+ T 
cellss before and after HAART Wilcoxon 
testss were performed. To compare the 
differencess between HIV and EBV 
specificc tetramer+ T cells, IFNy+ T cells, 
deltaa IFNy+ T cells and fractions of 
IFNy+/tetramer++ T cells, Mann-Whitney 
testss were performed. Correlations were 
testedd using the Spearman's non-
parametricc correlation test. All statistical 
analysess were performed using the 
softwaree program SPSS 7.5 (SPSS Inc., 
Chicago,, Illinois, USA). 

Results s 

ViralViral  load, CD4+ T cells and EBV and 
HlV-specificHlV-specific CD& T cell responses 
duringduring treatment 

Too determine the effectiveness of the 
treatmentt strategies, we analysed HIV 
RNAA load and CD4+ T cell numbers 
beforee and after HAART. As also shown 
inn several previous studies, HIV RNA 
loadd significantly decreased after start of 
HAARTT (Median 150 to 1 RNA 

copies/(ill  serum, p=0,007, Wilcoxon test) 
andd CD4+ T cell counts increased 
(mediann 245 to 288 T cells/ul blood) 
(p=0.012,, Wilcoxon test) (Baseline values 
aree listed in table 1). 
Too investigate the changes in number 
andd function of HIV- and EBV-specific 
CD8++ T cells following start of therapy, 
wee stained virus-specific CD8+ T cells 
withh specific HLA-peptide tetrameric 
complexess and performed IFNy elispot 
assays.. In table 2 the HLA molecules and 
correspondingg immunodominant viral 
peptidess used to construct tetrameric 
complexess and to stimulate PBMC are 
shown.. In figure 1 two HIV-infected 
individualss are shown; patient 1113 
respondedd to therapy with increased 
CD4++ T cell numbers, whereas patient 
5577 did not respond to therapy and 
showedd decreasing CD4+ T cell 
numbers.. Each show quite distinct 
changess in numbers of tetramer+ T cells 
andd IFNy+ T cells or in the fraction of 
tetramer**  T cells producing IFNy for HIV 
andd EBV peptide-specific T cells after 
therapy.. For individual 1113, the 
percentagee tetramer+ T cells specific for 
alll  HIV-peptides decreased, in contrast 
too stable or increased HIV-tetramer+ T 
cellss in patient 557 (figure 1, upper 
panels).. The percentage EBV-specific 
tetramer++ T cells, increasing in patient 
11133 and decreasing in patient 557, 
showedd kinetics opposite to HIV specific 
tetramer++ T cells (figure 1 middle 
panels).. Numbers of EBV and HIV 
specificc IFNy+ T cells increased or 
remainedd stable in patient 1113, but 
decreasedd in patient 557. This resulted in 
ann increase in the IFNy" fraction of both 
EBV-- and HIV-tetramer+ T cells for 
patientt 1113, whereas these fractions 
decreasedd for patient 557 (lower panels). 
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Responderr 1113 Non-responder 557 
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FigureFigure 1. Longitudinal kinetics of HIV 
andand EBV specific T cells in 4 different 
HIV-infectedHIV-infected individuals 
IndividualIndividual HIV and EBV pep tide-specific T 
cellscells of two HIV-infected individuals 1113 and 
557557 are shown. Patient 1113 illustrates kinetics 
ofof virus-specific T cells after therapy that was 
frequentlyfrequently observed in patients responding to 
therapy.therapy. For patient 557, therapy did not 
increaseincrease CD4+ T cell numbers and this patient 
showedshowed different kinetics of virus specific T 
cellscells than responder 1113. The upper three 
panelspanels indicate kinetics of virus peptide-specific 
TT cells (% of CD8+ T cells) as measured by 
tetramertetramer staining (solid symbols) and IFNy 
secretionsecretion assays (open symbols). Individual 
peptidepeptide specific CD8+ T cells are plotted over 
timetime during therapy. Per graph is indicated 
whetherwhether HIV- or EBV-specific T cell 
percentagespercentages are depicted. Fractions ofIFNf- T 
cellscells (functional T cells) of total tetramer* T 
cellscells are indicated in the lowest panels and 
combinecombine individual peptides per virus. Start of 
dualdual RT inhibitor therapy is indicated by 
arrows,arrows, and start of HAART is defined as t=0 
andand dashed vertical lines. 

NumbersNumbers of HIV-specific T cells but 
notnot EBV-specific T cells are decreased 
afterafter therapy 

Too investigate changes in the number of 
HIV-specificc T cells and EBV-specific T 
cellss in the total study group the sum of 
circulatingg (tetramer+) T cells was 
calculatedd from the individual peptide-
specificc CD8+ T cells and expressed as 
percentagee of CD8+ T cells for 16 
individuals,, (figure 2) A decline in HIV -
specificc CD8+ T cells was observed in 15 
outt of 16 individuals (median from 
1,05%% before therapy to 0.58% after 
therapy,, p=0.047, Wilcoxon test), (figure 
2)) In contrast, numbers of EBV-specific T 
cellss did not change significantly 
(mediann from 0,85% before therapy to 
0,77%% after therapy, p=0.125, Wilcoxon) 
(figuree 2). 

HIV V EBV V 

HH 0.01 
beforee after 

H-1 1 

P=0.047 7 

beforee after 
ll-r-r J J 

P=0.125 5 

FigureFigure 2. Tetramer* HIV  and EB V-specific 
TT cells during therapy. 
BaselineBaseline values (before) of HIV- (left panel) and 
EBV-specificEBV-specific (right panel) tetramer* T cells as 
percentagespercentages of CD8* T cells compared with 
averagedaveraged values after start of therapy (after) are 
depicteddepicted for 16 HIV-infected individuals. 
Tetramer-stainingTetramer-staining was performed as described 
inin the Methods section. 
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NumberNumber of IFNy producing EBV-
specificspecific T cells but not HIV-specific T 
cellscells increase after therapy 

Inn a previous study we found decreased 
numberss of IFNy producing HIV-specific 
(Kostensee et al. submitted) and EBV-
specificc (van Baarle et al. submitted) 
CD8++ T cells in HIV-infected individuals, 
especiallyy when these individuals 
progressedd to AIDS or AIDS-NHL, 
respectively.. To study whether the 
functionalityy of virus-specific CD8+ T 
cellss was improved by HAART, we 
enumeratedd IFNy producing CD8+ T 
cellss before and after therapy, using the 
IFNyy elispot assay. To compare the 
kineticss of HIV-specific IFNy producing 
TT cells with EBV-specific IFNy producing 
TT cells before and after therapy for the 
totall  study group, the individual peptide-
specificc percentages of CD8+ T cells were 
summedd for 16 individuals. As shown in 
figuree 3a, in most HIV-infected 
individualss the percentage of IFNy 
producingg HIV-specific T cells decreased 
significantlyy after therapy (median from 
0.111 before to 0.06% of CD8+ T cells after 
therapy,, p=0.017, Wilcoxon), in parallel 
withh the number of HIV-tetramer+ T 
cellss (figure 2). In only 3 out of 16 
individualss an increase in the number of 
functionall  HIV-specific T cells was 
observed.. In contrast, the majority of the 
individualss in the study (10/16) showed 
ann increase in the number of EBV-
specificc IFNy producing T cells (median 
fromm 0.17 before to 0.24% after therapy), 
althoughh not statistical significant 
(p=0.244,, Wilcoxon test) (figure 3a) 
(figuree 1, 1113). This resulted in higher 
percentagess of functional EBV-specific 
CD8++ T cells (median=0.24%) compared 
too HIV specific T cells after HAART 

(median=0.06%,, p=0.025, Mann-Whitney 
test).. These differential kinetics of EBV 
andd HIV-specific IFNy responses are 
illustratedd by the differences in the delta 
IFNy++ T cells in figure 3b, showing that 
inn most patients, EBV specific responses 
improvedd to a higher extent than HIV-
specificc IFNy responses (p=0.054, Mann-
Whitney). . 

a a 
ss 10 

D D 
oo 1 

= = ^ ^ aa 0.1 

S-o.oi i 

HIV V 

... t 
 m 

**r— — s s 
- / \ \ 

EBV V 

FigureFigure 3. Number of IFNy producing HIV 
andand EBV-specific Tcells during therapy 
a.a. Baseline values (before) of HIV- (left panel) 
andand EBV-specific (right panel) IFNy producing 
TT cells as percentages ofCD8+ T cells compared 
withwith averaged values after start of therapy 
(after)(after) are depicted for 16 HIV-infected 
individuals.individuals. The % of IFNy producing T cells 
waswas measured using Elispot assays after 
peptide-stimulationpeptide-stimulation and performed as described 
inin the Methods section. 
b.b. Difference in IFNy producing T cells 
betweenbetween baseline and average after HAAKT are 
indicatedindicated as delta IFNy producing T cells for 
HIV-HIV- and EBV-specific CD8+ T cells. 
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Sincee the observed increase in the 
numberr of functional EBV-specific CD8+ 

TT cells could be a reflection of increased 
CD4++ T cell help, we correlated the 
numberr of CD4+ T cells with the number 
off  functional EBV-specific T cells. In 
individualss with low (below 200/ ul) 
CD4++ T cell counts before treatment, a 
positivee trend was observed between the 
percentagee of functional EBV-specific 
CD8++ T cells and the number of CD4+ T 
cellss before and during therapy (R=0.32, 
p== 0.067, figure 4). In addition, in 
individuall  557 (figure 1), who does not 
showw an improvement in the number of 
CD4++ T cells, decreasing numbers of 
IFNyy producing EBV-specific T cells 
weree observed during HAART. 

H H 
+ + 
ac c 
A A 

h h 
H H l/ i i 

> > 
w w 
$ $ 

1 1 

m m 

i i . i i ] ] 

CD4++ T cell numbers 

FigureFigure 4. Correlation between CD4+ and 
IFNy+IFNy+  CD8+ T cells. 
CorrelationCorrelation between CD4+ T cell numbers (x-
axis)axis) and numbers of EBV-specific IFNy 
producingproducing T cells (y-axis) for HIV-infected 
individualsindividuals with less than 200 CD4+ T cells/fil 
atat baseline (n=8) (Spearman, p=0.032). 

FractionFraction of IFNy / tetramei* T cells 
duringduring treatment 

Inn previous studies we have shown that 
nott only the total number of IFNy 
producingg T cells, but also the 
percentagee of IFNy+ T cells of tetramer+ T 
cellss (fraction of functional T cells) may 
givee an indication of the functional 

statuss of virus-specific CD8+ T cells, (van 
Baarle,, submitted and Kostense, 
submitted)) Therefore, we calculated the 
percentagee IFNy producing T cells of the 
tetramer**  T cells for 11 individuals from 
whomm we had the complete data set, i.e. 
wee had both tetramer-staining data and 
IFNyy elispot data for each peptide 
epitopee studied. We summed the 
individuall  peptide-specific percentages of 
functionall  tetramer+ CD8+ T cells. To 
investigatee whether therapy, which 
inducess suppression of viral load and an 
increasee in CD4+ T cell numbers, could 
increasee the fraction functional cells for 
EBVV and HIV-specific CD8+ T cells, we 
comparedd the percentage functional T 
cellss before with the average percentage 
afterr therapy. Although the fraction of 
functionall  HIV-specific T cells could 
increasee after therapy in 3 individuals, it 
usuallyy decreased (figure 5). In most of 
thee individuals the increase in fraction 
functionall  HIV-specific T cells was not 
duee to an increase in the number of HIV -
specificc IFNy producing cells, but to a 
slowerr decline in IFNy producing T cells 
ass compared to the decline in tetramer* 
TT cells. In contrast, in 7 out of 11 patients 
ann increase in the fraction functional 
EBV-specificc T cells was observed 
(mediann from 31.4 before therapy to 
39.2%% after therapy), (figure 5) Before 
therapy,, the fraction functional EBV-
specificc T cells was higher than the 
fractionn functional HIV-specific T cells 
(p=0.054,, Mann-Whitney test), and this 
differencee was even higher after therapy 
(mediann EBV =39.2 vs. median 
HIV=11.6%,, p=0.019). Indeed the 
differencee in fraction functional T cells 
(Afraction)) was higher for EBV-specific T 
cellss (median= 7.45) in comparison with 
HIV-specificc T cells (median= -0.90), 
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whichh was almost significant (p=0.074, 
Mann-Whitney)(dataa not shown). 

P=0.019 9 

FigureFigure 5. Percentage IFNy producing T 
cellscells of tetramet* T cells for HIV  and 
EBV-specificEBV-specific Tcells during therapy 
BaselineBaseline values (before) of HIV- (left panel) and 
EBV-specificEBV-specific (right panel) IFNy producing T 
cellscells of tetramer* T cells (fraction functional T 
cells)cells) and averaged values after start of therapy 
(after)(after) are depicted for 11 HIV-infected 
individuals.individuals. A fraction of 100% means that 
ElispotElispot and tetramer staining identified equal 
numbersnumbers of peptide specific T cells. 

Interestingly,, individuals selected for 
havingg CD4+ T cell counts above 200/ ul 
bloodd at initiation of HAART, showed a 
substantiall  increase in the fraction 
functionall  HIV-specific T cells shortly 
(withinn the first month) after therapy 
(median=6.99 before and 16,5% after 
therapy)) (p=0.059, Wilcoxon test) (data 
nott shown). This improvement was not 
observedd after long-term therapy up to 1 
year. . 

FunctionalFunctional improvement of EBV-
specificspecific Tcells and decreased EBVload 
afterafter therapy 

Too investigate whether the increase in 
EBV-specificc IFNy producing T cells 

leadss to a reduction in EBV load, we 
measuredd EBV load using a real time 
quantitative-PCRR assay before and after 
therapyy in 15 HIV-infected individuals 
fromm whom we could obtain sufficient 
PBMCC to isolate DNA. 

-0,8-0,6-0,4-0,22 0,0 0,2 0,4 0,6 

Deltaa EBV specific IFNg+ T cells 

FigureFigure 6. Negative correlation between delta 
EBV-specificEBV-specific IFNy* T cells (y-axis) and delta 
EBVEBV viral load (x-axis). (Spearman, p=0.096). 

Overall,, individuals with improved EBV 
responsess tended to suppress their EBV 
loadd after therapy, (figure 6) In 9 out of 
155 individuals EBV load decreased after 
startt of therapy, sometimes after an 
initiall  transient increase. As shown in 
individuall  examples in figure 6, EBV 
loadd decreased following or simul-
taneouss with the increase in EBV-specific 
IFNyy production. This decrease in EBV 
loadd occurred most outspoken in 
individualss with high CD4+ T cells after 
startt of therapy (fig 7). One of the 
individualss that did not reach CD4+ T 
celll  numbers well above 200/ |il after 
therapyy (and later progressed to AIDS), 
showedd a further decrease in the number 
off  EBV-specific IFNy producing T cells 
andd consequently an increase in EBV 
load,, (fig 7, patient 585) Because EBV 
loadd differed enormously between 
individualss and ranged from 0 to 620.000 
copies/1066 PBMC, no statistical 
differencee could be found before and 
afterr therapy (p=0.414, Wilcoxon test). 
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FigureFigure 7. Kinetics of EBV load in relation to EBV-specific IFNy* T cells during therapy 
EBVEBV load (open circles, dashed line) in relation to EBV-specific IFN/-producing T cells (filled circles 
andand solid line) (lower panels) and CD4+ T cells (upper panels) are depicted during therapy (x-axis). 
TherapyTherapy is initiated at time point 0 and indicated by the dashed vertical lines. Individuals with high 
oror increasing CD4+ T cells numbers (211, 692 and 43, left panels) are compared to one individual 
withwith low CD4+ T cell numbers who progressed to AIDS (585, right panel). 

Discussion n 

Inn this study we compared HIV and 
EBV-specificc CD8+ T cells after start of 
HAART,, using both HLA-peptide 
terramericc complexes and IFNy elispot to 
determinee the presence and function of 
thesee cells, respectively. As reported 
previouslyy 14; 15; 23, we observed that in 
mostt individuals, therapy induced a 
markedd decline of HIV-specific CD8+ T 
cells,, both in number and function, 
whereass numbers of EBV-specific T cells 
didd not change. The fraction of EBV-
specificc T cells producing IFNy increased 
inn the majority of the individuals after 
HAART,, resulting in higher numbers of 
functionall  EBV-specific CD8+ T cells 
comparedd to HIV-specific T cells. 
Interestinglyy this increase was paralleled 
byy a decrease in EBV load. Furthermore, 

aa positive trend was found between 
CD4++ T cell numbers and the number of 
IFNyy producing EBV-specific CD8+ T 
cellss in patients selected for CD4+ T cell 
countss below 200/fil blood before 
HAART. . 
Itt has been suggested that protease 
inhibitorss (PI) reduce the number of HIV 
antigen-specificc T cells as measured by 
tetramerr staining, due to 
downmodulat ionn of MHC-peptide 
surfacee expression 24. In this study 
severall  patients received dual RT 
inhibitorss prior to PI treatment. In 
general,, start of dual antiretroviral 
therapyy already induced selective 
decreasess in HIV-specific T cells. In 
addition,, the number of EBV specific T 
cellss did not substantially change after 
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initiationn of HAART. Thus, HAART 
inducedd a selective decrease of HIV-
specificspecific CD8+ T cells instead of a general 
MHCC class I modulated decrease of 
CD8++ T cells. 
Inn this study, we utilized the fraction of 
IFNyy producing T cells within the 
tetramer**  T cells as an indicator of CD8+ 

TT cell functionality. It appears that EBV 
specificc T cell function is capable of 
improvementt after therapy, whereas 
HIVV specific T cell function is not 
improved.. Earlier experiments indeed 
showedd differential kinetics of HIV- and 
EBV-specificc IFNy secreting T cells 
duringg HAART 23. These findings have 
beenn explained by the differential 
reductionn of viral antigen concentration. 
Combiningg the IFNy assay with tetramer 
stainingg provides further information on 
thee immune status, and indicates that 
CD8++ T cell functionality can improve 
withoutt significant increase in tetramer+ 
TT cell numbers. 
Functionall  recovery of EBV-specific 
CD8++ T cells may be a reflection of 
improvedd CD4+ T cell help. Previous 
studiess have shown that CD4+ T cells are 
importantt for maintaining the functional 
capacityy of CD8+ T cells. 16; 25(van Baarle 
ett al. submitted) When we correlated the 
numberr of CD4+ T cells with the number 
off  functional EBV-specific T cells in 
individualss with low (<200/ul) CD4+ T 
celll  counts before treatment, we found a 
positivee trend consistent with this 
hypothesiss (R=0.32, p< 0.067). 
Inn co-infected patients, HIV- and EBV-
specificspecific CD4+ T helper cells are 
differentlyy affected. HIV infection results 
inn selective depletion of HIV-specific 
CD4++ T cells in the majority of the 
patientss already during acute infection 
26,, although long term asymptomatics 

(andd in our study, patients with CD4+ T 
celll  counts over 200/ ul) may preserve 
thesee CD4+ T cells 27. EBV-specific CD4+ 

TT cells are already generated before HIV-
infection,, and are probably preserved for 
aa longer period during chronic HIV-
infection.. The observed difference in 
functionall  recovery between EBV- and 
HIV-specificc CD8+ T cells may thus be 
explainedd by the fact that HIV-specific 
CD4++ T cells may be irreversibly 
depletedd already early in HIV-infection 
26.. Only individuals with relatively high 
numberss of CD4+ T cells may show some 
recoveryy of HIV-specific CD4+ T cells 
andd thus concomittantly an increase in 
CD8++ virus specific IFNy producers, and 
hencee an increase in the fraction of IFNy+ 

tetramer++ T cells. Moreover, since loss of 
antigenn exposure results in decrease in 
HIV-specificc T cells in the long term, this 
effectt is observed only shortly (within 
thee first month) after therapy. Indeed, 
patientss selected for having CD4+ T cell 
countss above 200/ ul blood at initiation 
off  HAART, showed a significant 
increasee in the fraction functional HIV-
specificc T cells shortly therapy. These 
resultss are in agreement with transient 
risess in CTLp frequencies observed after 
therapyy 28"30. 
InIn conclusion, we found a trend for EBV-
butt not HIV- specific recovery of 
IFNy+CD8++ T cells in the majority of the 
HAARTT treated individuals that were 
respondingg to therapy. Although the 
totall  number of EBV-specific tetramer+ 

CD8++ T cells did not increase, the 
fractionn of IFNy producing T cells did 
improve,, indicating that the function 
hadd improved on a per cell basis. This 
impliess that immune reconstitution can 
bee established and may prevent the 
occurrencee of opportunistic infections or 
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malignanciess against which antigen-
specificc CD4+ T cells are still present. 
Thiss underscores the need to treat 
patientss early in infection when HIV-
specificc CD4+ T cell responses may still 
bee available 26' 31. Early therapy, before 
HIV-specificc CD4+ T cell help is 
depleted,, should improve HIV-specific 
CD8++ T cell responses. Assessment of the 
fractionn IFNy producing T cells of 
tetramer++ T cells can be a helpful tool to 
monitorr functional immune 
reconstitution. . 

Acknowledgments Acknowledgments 
ThisThis study was part of the Amsterdam Cohort 
StudiesStudies on AIDS and HIV-1 infection, a 
collaborationcollaboration of the Municipal Health Service, 
thethe Academic Medical Center and CLB. This 
studystudy was financially supported by the Dutch 
AIDSAIDS fund, grant 2164 and 1007 and the Dutch 
CancerCancer Society, grant 1168. We thank 
Dr.M.Th.L.Dr.M.Th.L. Roos and collaborators for T 
lymphocytelymphocyte immunophenotyping. 

References s 

1.. Doherty PC, Christensen JP: Accessing 
complexity:: The dynamics of virus-
specificc T cell responses. Annu.Rev. 
Immunol.. 18:561-592,2000 

2.. Harty JT, Tvinnereim AR, White DW: 
CD8++ T cell effector mechanisms in 
resistancee to infection. Annu.Rev. 
Immunol.. 18:275-308,2000 

3.. Rickinson AB: Cellular immunological 
responsess to the virus infection. Epstein, 
M.A.,, Achong, B.G., eds. The Epstein-
Barrr virus: recent advances 75-115,1990 

4.. Koup RA, Safrit JT, Cao Y, et al: 
Temporall  associations of cellular 
immunee responses with the initial 
controll  of viremia in primary human 
immunodeficiencyy virus type 1 
syndrome.. J.Virol. 68:4650-4655,1994 

5.. Klein MR, Van Baaien CA, Holwerda 
AM ,, et al: Kinetics of Gag-specific CTL 

responsess during the clinical course of 
HIV-11 infection: A longitudinal analysis 
off  rapid progressors and long-term 
asymptomatics.. J.Exp.Med. 181:1365-
1372,1995 5 

6.. Cohen JI: Epstein-Barr virus lympho-
proliferativee disease associated with 
acquiredd immunodeficiency. Medicine 
70:137-160,1991 1 

7.. Altman DJ, Moss PAH, Goulder PJR, et 
al:: Phenotypic analysis of antigen-
specificc T lymphocytes. Science 274:94-
94,19% % 

8.. Butz EA, Bevan MJ: Massive expansion 
off  antigen-specific CD8+ T cells during 
ann acute virus infection. Immunity 8:167-
175,1999 9 

9.. Murali-Krishna K, Altman JD, Suresh M, 
ett al: Counting antigen-specific CD8 T 
cells:: a reevaluation of bystander 
activationn during viral infection. 
Immunityy 8:177-187,1998 

10.. Butz E, Bevan MJ: Dynamics of the CD8+ 
TT cell response during acute LCMV 
infection.. Adv.Exp Med Biol. 452:111-
22:111-122,1998 8 

11.. Lalvani A, Brookes R, Hambleton S, 
Brittonn WJ, Hil l AVS, McMichael AJ: 
Rapidd effector function in CD8+ memory 
TT cells. J.Exp.Med. 186:859-865,1997 

12.. Zajac AJ, Blattman JN, Murali-Krishna K, 
ett al: Viral immune evasion due to per-
sistencee of activated T cells without 
effectorr function. J.Exp.Med 188:2205-
2213.1998 8 

13.. Appay V, Nixon DF, Donahoe SM, et al: 
HIV-specificc CD8(+) T cells produce 
antivirall  cytokines but are impaired in 
cytolyticc function. J Exp.Med 2000.; 
192.::63.-76. . 

14.. Gray CM, Lawrence J, Schapiro JM, et al: 
Frequencyy of class I HLA-restricted anti-
HIVV CD8+ T cells in individuals re-
ceivingg highly active antiretroviral 
therapyy (HAART). J Immunol. 162:1780-
1788.1999 9 

15.. Ogg GS, Jin X, Bonhoeffer S, et al: Decay 
kineticss of human immunodeficiency 
virus-specificc effector cytotoxic T lym-
phocytess after combination antiretroviral 
therapy.. J.Virol. 73:797-800, 1999 



ChapterChapter 7 

16.. Kalams SA, Buchbinder SP, Rosenberg 
ES,, et al: Association between virus-
specificc cytotoxic T-lymphocyte and 
helperr responses in Human Immuno-
deficiencyy Virus type-1 infection. J Virol 
73:6715-6720,1999 9 

17.. Garboczi DN, Hung DT, Wiley DC: 
HLA-A2-peptidee complexes: refolding 
andd crystallization of molecules ex-
pressedd in Esdierichia coli and complexed 
withh single antigenic peptides. Proc. 
NaU.Acad.Sci.USAA 89:3429-3433,1999 

18.. Ogg G, Kostense S, Klein MR, et al: 
Longitudinall  phenotypic analysis of 
humann immunodeficiency virus type 1-
specificc T lymphocytes: correlation with 
diseasee progression. J.Virol. 73:9153-
9160,1999 9 

19.. Boom R, Sol CJA, Salimans MMM , 
Jansenn CL, Wertheim-van Dillen PME, 
Vann der Noordaa J: A rapid and simple 
methodd for purification of nucleic acids. 
J.Clin.Microbiol.. 28:495-503,1991 

20.. Cameron KR, Stamminger T, Craxton M, 
Bodemerr W, Honess RW, Fleckenstein B: 
Thee 160,000-Mr virion protein encoded 
att the right end of the herpesvirus 
saimirii  genome is homologous to the 
140,000-Mrr membrane antigen encoded 
att the left end of the Epstein-Barr virus 
genome.. J.Virol. 61:2063-2070,1987 

21.. Meyohas MC, Marechal V, Desire N, 
Bouilli ee J, Frottier J, Nicolas JC: Study of 
mother-to-childd Epstein-Barr virus trans-
missionn by means of nested PCRs. 
J.Virol.. 70:6816-6819,1996 

22.. Niesters HGM, van Esser J, Fries E, 
Woltherss KC, Cornelissen J, Osterhaus 
ADME:: The development of a high-
throughputt real-time quantitative assay 
forr Epstein-Barr virus detection. 
J.Clin.Microbiol.. 38:712-715-, 2000 

23.. Dalod M, Dupuis M, Deschemin JC, et al: 
Broad,, intense anti-human immuno-
deficiencyy virus (HIV) ex vivo CD8(+) 
responsess in HIV type 1-infected 
patients:: comparison with anti-Epstein-
Barrr virus responses and changes during 
antiretrovirall  therapy. J Virol 73:7108-
7116,1999 9 

24.. Andre P, Groettrup M, Klenerman P, et 
al:: An inhibitor of HIV-1 protease modu-
latess proteasome activity, antigen 
presentation,, and T cell responses. 
Proc.Natl.Acad.Sci.U.S.A.. 95:13120-
13124,1998 8 

25.. Kalams SA, Walker BD: The critical need 
forr CD4 help in maintaining effective 
cytotoxicc T lymphocyte responses. J Exp 
Medd 188:2199-2204,1998 

26.. Rosenberg ES, Billingsley JM, Caliendo 
AM ,, et al: Vigorous HIV-1 specific CD4+ 
TT cell responses associated with control 
off  viremia. Science 278:1447-1450,1997 

27.. Pitcher CJ, Quittner C, Peterson DM, et 
al:: HIV-1-specific CD4+ T cells are detec-
tablee in most individuals with active 
HIV-11 infection, but decline with pro-
longedd viral suppression. Nature Med. 
5:518-525,1999 9 

28.. Pontesilli O, Kerkhof-Garde SR, 
Notermanss DW, et al: Functional T cell 
reconstitutionn and HIV-1-specific cell-
mediatedd immunity during highly active 
antiretrovirall  therapy (HAART). 
J.InfectDis.. 180:76-86,1999 

29.. Kalams SA, Goulder PJ, Shea AK, et al: 
Levelss of human immunodeficiency 
viruss type 1-specific cytotoxic T 
lymphocytee effector and memory 
responsess decline after suppression of 
viremiaa with highly active antiretroviral 
therapy.. J.Virol. 73:6721-6728,1999 

30.. Rinaldo CR, Jr., Beltz LA, Huang XL, 
Guptaa P, Fan Z, Torpey DJ: Anti-HIV 
typee 1 cytotoxic T lymphocyte effector 
activityy and disease progression in the 
firstt 8 years of HIV type 1 infection of 
homosexuall  men. AIDS 
Res.Hum.Retrovirusess 11:481^89,1995 

31.. Oxenius A, Price DA, Easterbrook P, et 
al:: Early highly active antiretroviral 
therapyy for acute HIV-1 infection 
preservess immune function of CD8+ and 
CD4++ T lymphocytes. Proc.Natl.Acad. 
Sci.USAA 97:3382-3387,2000 

http://NaU.Acad.Sci.USA

