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Generall Discussion 

Inn HIV-infected individuals the 
incidencee of high grade malignant B cell 
NHLL is considerably increased (5-10%). 
1-44 Although these NHL are thought to 
arisee because of uncontrolled 
EBV-drivenn proliferation of B cells,5 the 
cellularr and molecular basis for the 
defectivee EBV-immunity in 
HIV-infectionn is largely unknown. In the 
studiess presented in this thesis we aimed 
too obtain more insight into the role of the 
Epstein-Barrr virus and EBV-specific 
immunityy in the pathogenesis of AIDS-
relatedd NHL. We aimed to define 
parameterss that may predict the 
occurrencee of AIDS-NHL and elucidate 
thee role of (defective) EBV immunity in 
thee pathogenesis of AIDS-NHL. To this 
endd both virological studies (part I) and 
immunologicall  studies (part II) were 
performed. . 

I:I: Virological studies 

Too define parameters that may predict 
thee occurrence of AIDS-NHL, we 
studiedd (super)infection with EBV 
type(s)) and EBV load in the blood of 
HIV-infectedd individuals. 
Thee decrease in EBV-specific immunity in 
thee course of HIV infection was suggested 
too result in superinfection with additional 
EBV-strains,, 6 which are less frequent 
amongg healthy individuals.79 In addition, 
thee reported high frequency of EBV type 
22 positive tumors has led to the 
suggestionn that superinfection with EBV 
typee 2 might contribute to the 
developmentt of lymphomas.lft11 

Therefore,, we developed a type-specific 
nestedd PCR for direct EBV-typing in 
PBMCC to analyze the prevalence of EBV-
typess 1 and 2 in several well-defined 
groupss of HIV-1 infected individuals. A 
highh prevalence of EBV type 2 infection 
andd superinfection with both type 1 and 2 
wass observed (chapter 2), confirming 
earlierr published observations from Yao 
ett al. 6 However, our observations that 
neitherr type 2 infection nor super-
infectionn correlated with a failing 
immunee system n and that 
superinfectionn was also present in 
healthyy persons, 13; 14 indicate that 
superinfectionn is not related to 
immunodeficiency.. Moreover, acquisi-
tionn of additional EBV strains 
(superinfection)) seems a common 
observation14;; 15 and can occur in time,12; 

166 as also has been suggested by Brooks 
ett al. 17 Furthermore, neither type 2 EBV 
infectionn nor superinfection proved to be 
relatedd to the development of AIDS-NHL. 
122 Therefore, the high frequency of EBV 
typee 2 positive tumors may be merely a 
reflectionn of the high prevalence of EBV 
typee 2 in HIV-infected homosexual 
individuals.. This has also been 
suggestedd for the high frequency of EBV 
typee 2 Burkitt's lymphomas (BL) in 
Centrall  Africa where EBV type 2 is 
common.. 18 Moreover, EBV gene 
polymorphismss detected in EBV isolates 
fromm healthy virus carriers occurred 
withh similar frequency in virus-
associatedd tumors from the same 
geographicall  region.19 

Furtherr studies including different HIV-
negativee populations showed that EBV 
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typee 2 prevalence was high among 
homosexuall  men in general and caused 
byy sexual transmission, (chapter 3)20 

AA second possible predictor of AIDS-NHL 
wee studied was EBV load, (chapter 4) 
Usingg a quantitative real-time PCR assay 
(too determine the number of EBV copies) 
wee showed that in HIV+ homosexual men 
thee EBV load was 100-fold higher than in 
HIV**  homosexual men, who in turn had a 
higherr EBV load than HIV" heterosexual 
individuals.. Furthermore, we compared 
EBVV load in PBMC and serum in the 
coursee of HIV-1 infection in subgroups 
off  HIV-infected individuals. Overall, 
EBVV load in PBMC was high, displayed 
considerablee fluctuations over time and 
provedd to be non- predictive of the 
developmentt of AIDS-NHL. EBV was 
detectablee in serum at some time points, 
butt at a lower level and it did not predict 
thee occurrence of AIDS-NHL. 
AA possible explanation for the 
observationss that HIV+ homosexual men 
hadd higher EBV load than HIV" 
Ziomosexuall  men, who in turn had a 
higherr EBV load than HIV" heterosexuals, 
mayy be the occurrence of increased 
frequenciess of superinfection with 
additionall  EBV types. Since 
superinfectionn with EBV type 1 and 2 is 
aa frequent observation in HIV-infected 
andd HIV-uninfected homosexual 
individuals,, EBV load may be increased 
byy these additional EBV strains. In 
addition,, the higher EBV load may be 
explainedd by the degree of 
immunodeficiency.. However, our data 
showw that the degree of 
immunodeficiency,, as reflected in the 
numberr of CD4+ T cells is not related to 

thee height of EBV load. A third 
possibilityy which may explain the high 
EBVV load in HIV+ versus HIV" 
individualss and homosexuals versus 
heterosexualss may be chronic antigen 
stimulation.. This may lead to polyclonal 
BB cell expansions and increased 
frequenciess of EBV-reactivation. This 
immunee activation may be antigen-
specificc and be induced by HIV, 
superinfectionn with additional EBV 
strainss and infections with other 
commonn viruses and less common 
virusess and virus strains. Especially 
cytomegaloviruss (CMV) has been 
implicatedd in EBV reactivation. 2124 

Furthermore,, immune activation can 
alsoo be induced via cytokines M or by 
virall  gene products like the HIV-protein 
Nef.. 26 

Sincee HIV" homosexual men had higher 
EBVV load than HIV" heterosexual 
individualss suggests that chronic antigen 
stimulationn might be related to sexual 
behavior.. Increased numbers of sexual 
intercoursee partners could lead to 
acquisitionn of other EBV strains and 
virusess like human herpesvirus 8 
(HHV),, hepatitis B and C virus (HBV 
andd HCV). This may lead to increased 
stimulationn of the immune system and 
therebyy evoke higher rates of EBV-
reactivation,, which may lead to higher 
EBVV load. 

Att the start of our studies, we hoped to 
findd a correlation between high EBV 
loadd and the development of AIDS-
NHL,, as has been shown for EBV load in 
PTLD.. 2729 However, we observed that 
totall  numbers of EBV copies were not 
predictivee for lymphoma development. 
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(chapterr 4) This could be due to the fact 
thatt the total number of EBV copies, 
whichh the Q-PCR detects, is determined 
bothh by the number of infected B cells 
andd the number of copies per cell. The 
numberr of infected cells can be 
measuredd by a spontaneous B cell 
transformationn assay (SBT), M which is 
basedd on the transforming capacity of 
thee EBV strains present. 31; 32 Using this 
assayy it was shown that the number of 
EBV-infectedd B cells did predict AIDS-
NHLL development30, suggesting that the 
totall  number of EBV copies may not 
reflectt the number of infected B cells. 
Recently,, EBV load in post-transplant 
patientss was investigated using a Q-PCR 
inn combination with in situ-
hybridisationn to determine the total 
numberr of EBV copies and study the 
numberr of EBV copies per cell. One 
studyy showed that the increase in EBV 
copiess seemed to be due to higher 
numberss of episomes per B cell and not 
too an increase in the number of infected 
BB cells. M Another study showed that the 
increasee in viral copies was not due to 
viruss replication, M suggesting that also 
thee number of infected B cells was rising. 
Thesee somewhat different results 
indicatee that the exact relation between 
thee total number of EBV copies and the 
numberr of EBV-infected B cells still 
needss to be established. 
EBVV load in serum did not correlate with 
EBVV load in PBMC, especially because 
enormouss peaks of EBV DNA can be 
foundd in serum, despite low EBV load in 
PBMC.. This and the fact that EBV load in 
serumm does not reflect the actual viral 
burdenn of the patient, indicate that EBV 
loadd should be measured in PBMC. 
Althoughh we anticipated that virological 
factorss would be important in the 

pathogenesiss of AIDS-NHL, our data 
showw that virological characteristics like 
EBVV type and load are neither related to 
norr predictive of AIDS-NHL 
development. . 

II:II: Immunological studies 

Itt was previously shown by our group 
thatt the occurrence of AIDS-NHL is 
precededd by decreasing 
EBV-CTLprecursorss and increasing 
numberss of EBV-infected B cells. 30 To 
investigatee by what mechanism EBV-
specificc CTLs are lost, we studied 
whetherr cellular immunity to EBV is lost 
duee to physical loss or due to 
dysfunction.. Moreover, we correlated 
thesee data on cellular immunity with the 
numberr of EBV-particles. (chapter 5) We 
determinedd both number (using HLA-
EBV-peptidee tetrameric complexes), 
phenotypephenotype (using monoclonal antibodies 
againstt CD45RO and CD27) and function 
(usingg IFNy Elispot assay) of virus-
specificc T cells. We observed that EBV-
specificc CD8+ T cells did not disappear 
butt rather lost their capability to produce 
IFNy.. (chapter 5) This loss of function of 
EBV-specificc CD8+ T cells correlated with 
lowerr CD4+ T cell numbers, was 
accompaniedd by increasing numbers of 
EBVV copies and was characterized by 
lackk of differentiation into CD27~ effector 
TT cells. In LTA individuals, in whom 
CD4++ T cell numbers were maintained 
andd EBV-specific T cells differentiated 
intoo the CD27- effector phenotype 
(chapterr 6), IFNy producing EBV-specific 
TT cells were stable, (chapter 5) In LTA, 
occasionall  bursts in EBV load were 
paralleledd by increased numbers of 
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functionall  T cells, suggestive of immune 
control. . 
Ourr data indicate that loss of function 
wass related to lack of CD4+ T cell help, 
indicatingg that CD4+ T cells are important 
inn maintaining the function of CD8+ T 
cells.. Functional CD4+ T cells may be 
necessaryy to enable CD27+ memory CD8+ 

TT cells to differentiate into CD27~ effector 
TT cells, either directly or indirectly by 
cytokinee production and CD70-CD27 
interaction.. These CD27~ effector T cells 
havee a higher functional capacity and 
thereforee are important to delay disease 
progression.. Highly active antiretroviral 
therapyy (HAART) was found to increase 
CD4++ T cell numbers and thereby leading 
too higher numbers of EBV-specific IFNy 
producingg CD8+ T cells and a subsequent 
reductionn in EBV load, (chapter 7) 

EBV-specificc CTL and EBV load: a 
delicatee balance 

Absolutee EBV load fluctuates over time 
andd does not seem to predict AIDS-NHL 
development,, although EBV load tends to 
increasee in the course of HIV-1 infection 
inn AIDS-NHL patients, (chapter 4) In 
addition,, we observe lower EBV-specific 
(functional)) immunity in progressors to 
AIDSS and decreasing EBV-specific 
immunityy in AIDS-NHL patients in the 
coursee of HIV-infection. (chapter 5) This 
suggestss that there is a delicate balance 
betweenn virus and the immune system. 
Functionall  loss of EBV-specific CD8+ T 
cellss with a concomitant increase in EBV 
indicatess a disturbed balance, which 
seemss critical in the pathogenesis of 
AIDS-NHL.. (figure 1) 

Duringg acute viral infection, an increase 
inn viral load induces a virus-specific 
CD8++ T cell response. 35 Depending on 
thee height of the viral load, the speed of 
CD8++ T cells to increase and the 
subsequentt decrease in viral load, a 
"virall  set-point" is reached in which the 
virall  load is in balance with the CTL 
response.. The level of this viral setpoint 
cann differ between individuals. ^ ^ Upon 
infectionn with HIV, continuous antigen-
stimulationn leads to a renewed viral set 
point,, at which the viral load is at a 
higherr level than in healthy controls. 
(chapterr 4) With the loss of functional 
EBV-specificc CD8+ T cells occurring in 
thee course of HIV-1 infection 40 (chapter 
5)) and the increased frequencies of EBV 
reactivation,, it wil l be increasingly 
difficul tt to suppress EBV load. This leads 
too accumulating amounts of EBV 
particless in the B cell pool of HIV-
infectedd individuals, (chapter 4) As long 
ass there is still sufficient EBV-specific 
(functional)) immune surveillance, the 
viruss and CTL are in balance, (chapter 5, 
figuree 1 first panel) But when there is 
losss of functional EBV-specific T cells (as 
inn NHL patients), EBV load gradually 
increases,, (chapter 4 and 5) (figure 1, 
secondd panel) 

Ourr data indicate that only studying 
EBVV load may not give a complete 
picture.. Risk assessment requires the 
evaluationn of both EBV load and the 
numberr and function of EBV-specific 
CD8++ T cells. High or low EBV load with 
sufficientt CTL response infers a low risk 
off  developing NHL, whereas high or low 
butt increasing EBV load with low CTL 
responsess infers a high risk of 
developingg AIDS-NHL suggesting that 
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thee system is out of balance. (Fig. 1, 
secondd panel) With a further increase in 
EBVV load and loss of function of EBV-
specificc T cells, this could lead to AIDS-
NHLL development, (fig.1 third panel) 
Thee immune system may try to 
compensatee for this loss of EBV-specific 
immunityy by increasing the numbers of 
EBV-specificc CD8+ T cells, (fig.1, fourth 
panel) ) 

Lackk of differentiation into CD27" 
effectorr T cells as a progression marker 

Wee show that differentiation into CD27-

effectorr CD8+ T cells is essential in 
controllingg chronic virus infections, 
(chapterr 6)41 Individuals that show an 

accumulationn of antigen-specific CD27-

TT cells have delayed disease progression, 
duee to the high effector functions of 
CD27-- T cells. *  Thus, lack of these 
CD27~~ effector T cells results in a 
relativelyy poorly functional HIV - or 
EBV-specificc T cell population leading to 
fasterr progression to AIDS or 
progressionn to AIDS-NHL, respectively. 
Sincee poor response to virus seems to co-
existss with poor differentiation into 
CD27-- effector T cells, CD27 expression 
onn virus-specific T cells may be used as a 
diseasee progression marker in HIV -
infectionn but possibly also in other 
clinicall  settings. In addition, it may be 
usedd as read-out for improvement after 
therapyy or vaccination. 

"balance" " 

AAAAAA AAAAA 

disturbedd balance 

PhasePhase I Phase II failing compensation 

**^>«** * J ^ 4 i 

IncreasingIncreasing risk of developing AIDS-NHL 

AA EBV load 

A.. EBV-spec T cell 

AA EBV-spec functional T cell 

figurefigure 1. Disturbance of the balance between virus and immunity 
ThreeThree mechanisms by which the balance between virus and immunity can be disturbed are depicted. 
TheThe filled triangles indicate EBV-specific CD8+ T cells, of which the black triangles are the finctional 
ones.ones. White triangles indicate EBV load. 
TheThe balance between virus and immunity is depicted in de first panel. This balance can get disturbed 
whenwhen (a) EBV-specific CD8+ T loose their functional capacity or (b) EBV-specific functional T cells 
areare lost or c) when EBV load increases. (Phase I: second panel) This disturbed balance leads to an 
increaseincrease in EBV load and concomitantly an increased risk of developing a lymphoma. (Phase II, third 
panel)panel) The immune system may attempt to compensate for the loss of function of EBV-specific T cells 
byby increasing numbers (gray triangles) of EBV-specific CD8+ T cells, (fourth panel) 
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ModelModel of EBV-induced AIDS-NHL 

Thee development of AIDS-NHL is a 
multifactoriall  process involving at least 
virologicall  and immunological 
parameters.. Chronic antigen stimulation 
inducedd by HIV-infection (direct or 
indirect)) and possibly (super)infection 
withh other EBV types or other viruses 
leadss to increased frequencies of EBV-
reactivation,, causing an initial EBV-
drivenn proliferation of B cells, (fig.2,1) In 
addition,, higher levels of TGFp, which 
havee been reported to occur in HIV-
infectedd individuals, 45 can induce the 
EBVV lytic cycle by increasing ZEBRA 
expressionn leading to higher levels of 
EBV-reactivation. . 
Reactivationn of EBV probably leads to 
entryy into the lytic cycle, with 
concommittantt lytic antigen expression, 
466 and subsequently latent antigen-
expression.. Therefore, lytic-antigen-
specificspecific T cells may be important in 
controllingg the initial reactivation of 
EBV-infectedd B cells, and may thus be 
thee key determinator for the expansion 
off  EBV-infected B cells, (fig.2, 7) 
Althoughh lytic antigens 47; 48 are 
sometimess expressed on tumors, the 
overalll  consensus is that most tumors 
expresss only latent antigens. 49; 50 An 
outgrowthh of latently infected B cells is 
thereforee controlled by latent-antigen 
specificspecific T cells, (fig.2, 9) 
Ann increase in EBV load (fig.2, 2) should 
drivee EBV-specific T cells into a more 
effectorr phenotype. Lack of CD4+ T cell 
helpp (fig.2, 3), possibly necessary to 
enablee CD27+ memory T cells to 
differentiatee into CD27- effector T cells 
(fig.2,, 4), results in maintenance of a 
memoryy phenotype and loss of function. 
Functionall  loss of both lytic and latent 
EBVV antigen- specific CD8+ T cells together 

withh an increase in EBV load is critical in 
thee pathogenesis of AIDS-NHL. 
Therefore,, a combination of CTL and 
EBVV load may be favored to predict the 
occurrencee of AIDS-NHL. 
HIV-infectionn is characterized by 
disturbancess in cytokine expression 
regulation,, 51; 52 leading to higher levels 
off  immunosuppressive and tumor-
promotingg cytokines, which could 
contributee to the pathogenesis of AIDS-
NHL.. It has been shown that B cells from 
HIV-infectedd patients constitutively 
expresss IL-6, which is known to promote 
thee growth of EBV-positive B cells. 53; M 

Furthermore,, EBV-positive AIDS-related 
BLL have been shown to express IL-10, 55 

anotherr cytokine which may not only 
promotee the growth of EBV-positive B 
cells,, 56 but also interferes with CTL-
generationn and thus could contribute to 
CTLL dysfunction. Furthermore, TGFp 
hass been shown to be transcribed in 
NHLL cells from SIV-infected rhesus 
monkeys,577 and may act as an autocrine 
growthh stimulus. 

Overall,, the balance between virus and 
thee immune system is a critical factor in 
thee pathogenesis of AIDS-NHL. Loss of 
thiss balance may favor the development 
off  a malignant lymphoma, by increasing 
thee chance of acquisition of additional 
specificc genetic changes, such as 
activationn of oncogenes, inactivation of 
suppressorr genes. Chromosomal 
translocationss in AIDS-NHL frequently 
involvee bcl-6, a proto-oncogene that 
affectss B cell maturation ^ 59 and c-myc, 
whichh can cause tumorigenic conversion 
inn lymphoblasts. In addition, point-
mutationss in N-ras and K-ras have been 
found.. M Furthermore, the tumor 
suppressorr gene P53 can be inactivated 
byy mutations.61; 62 (figure 2) 
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Modell of EBV-induced lymphomagenesis in HIV infection 

Bloodd HIV lymphoid tissue 

BB cell lymphoma 

figurefigure 2. Model of EBV-induced lymphomagenesis in HIV infection 
AA model is depicted to explain the development of EBV-related non-Hodgkin's lymphomas in HIV-
infectedinfected individuals. Chronic antigen-stimulation in the lymphoid tissue can lead to clonal expansion 
ofof EBV-infected B cells (1) and increased EBV load in the peripheral blood. (2) Because of lack of 
CD4+CD4+ T cell help (3), as a consequence of HIV-infection, memory CD8+ T cells do not differentiate 
intointo CD27- effector T cells. (4) EBV-specific CD8+ T cell function decreases, whereby EBV load in 
thethe blood can increase, either by increased numbers of EBV-infected cells (5), or increased numbers of 
EBVEBV copies per B cell (6). Dysfunctional EBV-specific T cells can not control the expansion of EBV-
infectedinfected B cells. (7) Additional genetic hits may subsequently result in a malignant outgrowth of 
thesethese EBV-infected B cells (8), which can also not be controlled by specific T cells (9), resulting in an 
AIDS-relatedAIDS-related non-Hodgkin's lymphoma (10). 

Implicationss for therapeutic approaches 

EBV-positivee AIDS-NHL develop. These 
Thee studies presented in this thesis shed n e w insights into AIDS-NHL 
somee light on the mechanism by which pathogenesis can be translated into 
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possiblee therapies to prevent or cure 
AIDS-NHL. . 
Adoptivee transfer of EBV-specific CTL 
hass been shown to result in decreased 
EBVV load and regression of PTLDs in 
transplantt recipients. 63^ However, 
reinfusionss of EBV-CTL were necessary 
too maintain a low level of EBV load. M To 
restoree the balance between CTL and 
EBVV load in AIDS-NHL patients and to 
Iysee the tumor, adoptive transfer of EBV-
specificc CTL is a possible candidate. 
However,, CD4+ T cells are important to 
sustainn the functional capacity of 
antigen-specificc CD8+ T cells 66-71. 
Becausee of the underlying CD4+ T cell 
defectt in HIV-infected individuals, 
adoptivee transfer of EBV-specific CD8+ T 
lymphocytess would only be temporarily 
succesfulll  and long-term EBV-specific 
immunityy would not be restored. 
Infusionn of CTL may eradicate the tumor 
ass shown for PTLD patients, in whom at 
thee same time also immunosuppressive 
therapyy is reduced. In HIV-infected 
individuals,, CD4+-specific immunity 
seemss irreversibly affected. Addition of 
(EBV-specific)) CD4+ T cells or addition of 
aa cytokine (IL-2, IL-12, IL-15) restoring 
orr replacing the function of CD4+ T cells 
mayy be an option to consider. 
Wee observed that EBV-specific immunity 
improvess after start of HAART. In 
particularr the number of IFNy producing 
EBV-specificc T cells increased leading to a 
higherr % of IFNy producing tetramer+ T 
cellss (IFNy/tetramer ratio). This improved 
cellularr immunity was probably caused 
byy an increase in the number of CD4+ T 
cells,, thereby probably restoring EBV-
specificc CD4+ T cell help, and led to a 
decreasee in EBV load. Therefore, HAART 
seemss a good candidate therapy to 

improvee EBV-specific immunity and 
therebyy reduce the risk on AIDS-NHL. 
Furthermore,, a combination of HAART 
therapyy and infusion of EBV-specific 
CTLL may be ah option. Initial infusion of 
EBV-specificc CTL to lyse part of the 
tumorr and subsequent boost of the 
immunee response with HAART may 
leadd to control of EBV load and thereby 
decreasee the risk of NHL. 
Sincee NHL is often a late complication of 
AIDS,, in the early days the incidence 
wass expected to increase due to the 
prolongedd survival of AIDS patients as a 
resultt of antiretroviral therapy (AZT) 
andd effective treatment and prophylaxis 
off  opportunistic infections l ; 72: n. Since 
HAARTT leads to higher CD4+ T cell 
numberss 7i, general immune 
reconstitutionn re and improvement of 
EBV-specificc T cell immunity, there are 
indicationss that the incidence of AIDS-
NHLL is beginning to decrease.76; ^ 

Futuree studies 

Futuree studies should be aimed at 
unravelingg the exact role of CD4+ T cells 
inn supporting CD8+ T cell function in 
EBVV infection. It is relevant to study the 
quantityy of EBV-specific CD4+ T cell 
responsess and investigate whether 
physicall  loss of these T cells by HIV-
inducedd killin g or initial loss of function 
off  these virus-specific CD4+ T helper 
cellss causes a lack in CD8+ T cell 
function.. Furthermore, studies should 
focuss on the need of costimulation in 
CD8++ and CD4+ T cell function. When 
thee exact role of CD4+ T cell is 
established,, therapeutic strategies to 
preventt or cure AIDS-NHL can be 
developed. . 
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