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Generall Discussion 

Humann herpesvirus 8 was first discovered in a skin lesion of a patient with 
Kaposi'ss sarcoma (KS). Since its initial description, extensive studies have 
confirmedd the association of this herpesvirus with KS. The studies in this thesis 
focuss on HHV8 in AIDS-KS patients and its potential predictive value for the 
onsett of disease. 

HHV88 DNA versus RNA as marker for disease 
Severall  strategies are possible to measure active viral replication. First, measuring 
virall  DNA in serum or plasma, with the hypothesis that viral DNA in these 
clinicall  samples represent cell free virus. The detection of viral DNA in serum or 
plasmaa is usually associated with disease, as shown for other herpesviruses such 
ass EBV, CMV and HHV-6 13. Second, detecting of viral RNA in PBMC and tissue 
indicatess active replication. RNA can be measured with RNA amplification 
systemss such as RT-PCR or NASBA. Besides, HHV8 DNA in lesions and PBMC 
mayy represent latent infection, while detecting HHV8 RNA can be used as a 
markerr for active virus replication. Chapters 2 and 3 describe the development 
andd use of four different real-time NASBA assays that can detect HHV8 latent 
(LANA )) and lytic (vIL-6, vBcl-2, and vGCR) RNA in both tissue and PBMC. 
Comparingg the patients according to the stage of KS did not show a distinct 
expressionn pattern in the lesions of the different clinical stages of KS. In the 
correspondingg PBMC samples, very littl e or no mRNA was measurable in the 
patientss with early KS (stage I or II) , whereas patients with more advanced KS 
(stagee III or IV) had more detectable mRNA in the PBMCs. Overall, the results 
showw active mRNA expression in the lesions at different stages of Kaposi's 
sarcoma,, and a much more diverse expression pattern in the PBMCs, with the 
mostt mRNA measured in patients with severely advanced KS. Despite the 
sensitivityy of the assays, many of the PBMC samples were negative or below 
quantificationn level for one or more of the HHV8 RNAs, and no clear trend was 
seen.. The semi-quantification of HHV8 DNA by limited dilution PCR showed a 
highh HHV8 load in more advanced KS (chapter 3). Other studies also found a 
correlationn between HHV8 DNA load in KS tissue, KS PBMCs and the clinical 
stagee of KS. In more advanced KS disease a higher viral DNA load was measured 
comparedd with early stage KS 48. These results made the focus change from 
quantificationn of HHV8 RNA as a possible marker for disease development and 
progressionn to the quantification of HHV8 DNA. 

HHV88 DNA load and clinical use to predict KS 
Takenn together, the association of high HHV8 load with advanced KS and the 
findingg that although HHV8 DNA cannot consistently be detected in the blood of 
alll  KS patients, it is more frequently detected in patients subsequently 
progressingg to KS 913, it can be postulated that detection of HHV8 DNA could be 
off  clinical importance. Furthermore, the association of HHV8 load and the stage 
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off  KS suggest that HHV8 may also have a predictive value for KS development. It 
couldd be speculated that at some time before KS development, a rise in HHV-8 
virall  copies in serum or plasma could be indicative of viremia and the onset of 
KS.. To measure HHV8 DNA load we developed a real-time Taqman assay 
(chapterr 4) and this assay is used for the subsequent studies on HHV8 viral DNA 
load.. In chapter 5 we analysed HHV-8 DNA load in longitudinal serum samples 
HIV- 11 infected individuals 24 months before diagnosis of AIDS-KS til l 24 months 
afterr diagnosis in three-month intervals, to evaluate its prognostic value and 
behaviourr over time. It was found that viral load merely fluctuates over time and 
noo correlation was seen between HHV8 load and progression to KS, confirming 
studiess of Boivin et al. and Engels et al. 1314. Although there may be a correlation 
betweenn high viral load and advanced KS, the predictive value of HHV8 viremia 
forr the onset of KS is fairly low, if existing at all. 
Doess the lack of predictive value resemble the situation for other members of the 
herpesviruss family, e.g. CMV and Epstein-Barr virus (EBV)? Viral load 
measurementss of CMV and EBV are used as predictive marker for disease 
developmentt and to monitor therapy. However, the benefit of using viral load 
wit hh these two herpesviruses is not clear-cut. Of the many studies that have 
reportedd on the clinical relevance of viral load of CMV, some show that the risk of 
developingg CMV disease and death, in persons with advanced AIDS, is directly 
relatedd to the quantity of CMV DNA in plasma 15. Others reported that CMV 
DNAA was of limited value for prediction of the development of CMV disease in 
HIV-infectedd patients 16. In solid organ transplant recipients CMV DNA load was 
establishedd to be a useful marker for individualizing antiviral treatment of CMV 
infectionn 1719. Some studies argue that viral load alone does not have the best 
predictivee value. The initial viral load and rate of change in viral load has been 
foundd to have more prognostic value as predictors of CMV disease in organ 
transplantt recipients 20'21. In the case of HHV8 load it could be postulated that the 
initiall  viral load and rate of change in viral load may have more predictive value 
forr KS. However, the frequent lack of HHV8 detection in the 2 years prior to KS 
diagnosiss and the fluctuation of viral load seen in chapter 5 before clinical 
diagnosiss suggest this is not the case. Therefore HHV8 is not similar to CMV with 
respectt to the value of viral load as predictor of disease. 
Thee other example of viral load measurements used to predict disease 
developmentt with a herpesvirus infection is EBV. EBV is associated with 
lymphoproliferativee disorders and the viral load is used in transplant recipients 
too predict disease development 2224. However, EBV load in PBMC is not 
predictivee of development of AIDS-related non-Hodgkin lymphoma 25, and may 
havee poor diagnostic value for defining HIV patients at risk for developing EBV-
associatedd disease 26. For EBV the predictive value of viral load seems disease 
specific,, with high predictive value in post-transplant patients but poor predictive 
valuee in HIV infected patients at risk for developing EBV associated diseases. In 
contrastt to lack of correlation between viral load and disease progression in KS 
patients,, HHV8 load in patients with HHV8 positive Multicentric Castleman's 
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diseasee (MCD) was found to be correlated with disease exacerbations, as was 
reportedd in previous studies 2729 and as shown in chapter 8 also with treatment 
response.. This suggests that for HHV8 the clinical relevance of viral load may be 
disease-specific,, and that HHV8 may play a different role in the pathogenesis of 
thee different HHV8-associated diseases. This is also illustrated by the fact that the 
primaryy cell type infected by HHV8 in MCD is the B-cell 3°, suggesting that viral 
copiess measured in blood accurately represent ongoing viremia. In KS, the major 
HHV88 infected cell type expresses both endothelial and macrophage antigens 31, 
andd is most likely of endothelial origin. The disease is mainly restricted to the 
skin,, suggesting that viral DNA detected in blood is not necessarily a direct 
representativee of the disease process in the periphery, explaining the discrepancy 
betweenn viral load in either PBMC or serum, and disease progression in KS. 
Furthermore,, several studies have shown differences in gene expression in KS, 
PELL and MCD. Predominantly latent proteins are expressed in KS and PEL cells, 
whereass MCD expressed both latent and lytic proteins 32. Expression of vIRFl, 
vIL6,, and PF-8 proteins was seen in the infected B cells of MCD lymph nodes, 
whereas,, the protein expression in KS and PEL biopsies was restricted to PF-8 and 
vIL6,, respectively 33. Overall the expression pattern is different in the different 
diseasess 32_35. 

HHV88 loadd and clinical use in MCD 
Itt has been postulated that circulating B-lymphocytes serve as a reservoir of 
activelyy replicating virus and that evaluation of HHV8 viremia might have 
clinicall  relevance. Looking at HHV8 DNA load in serum, considered to represent 
viremia,, the predictive value of AIDS-KS is limited (chapter 5) however with 
MCD,, it can be used to study the response to therapy (chapter 8). 
Too study cell-free HHV8 we used plasma samples of a patient with MCD (chapter 
9).9). Contrary to what we expected, we discovered that HHV8 DNA was highly 
fragmentedd in the plasma samples, even though a clear correlation was observed 
betweenn clinical symptoms and viral load in serum and plasma (chapter 8). The 
moree lytic production of HHV8 in MCD cells results in more cell debris in the 
periphery.. Therefore, more HHV8 fragments were measured, resulting in a 
higherr viral load. Our study described in chapter 8 observed a decline in HHV8 
loadd during chemotherapy. Probably the HHV8 carrier cells are selectively killed 
byy the anticancer drug, causing a reduction in HHV8 DNA load. Although this 
studyy describes an experiment with samples from a single patient, further 
researchh showed similar patterns of fragmentation in plasma samples of other 
MCDD patients (personal communication M. Cornelissen). This indicates that 
HHV88 DNA in serum represents debris rather than intact cell free virus. This 
fragmentationn is also seen with CMV  36. Samples taken during primary CMV 
infectionn at peak viremia contained CMV DNA fragments that were small (<2,000 
bp),, indicating that CMV DNA in plasma and serum is highly fragmented. 
Iss HIV infection a factor in the clinical relevance of HHV8 load? The patients 
describedd in chapter 5 were AIDS-KS patients, whereas the case study in chapter 
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88 describes a HIV negative MCD patient. Therefore, it can be postulated that the 
concurrentt HIV infection plays a role in the lack of clinical relevance of HHV8 
loadd with AIDS-KS, and in the absence of HIV infection in the MCD case study a 
correlationn between viral load and disease progression is observed. A similar 
situationn is seen with EBV infection. The predictive value of EBV viral load is 
highh in post-transplant patients but low in HIV infected patients at risk for 
developingg EBV associated diseases. However, other studies on MCD patients 
reportedd a clear correlation between HHV8 viral load and clinical disease in HIV 
positivee patients. A direct relationship between the HHV8 viral load and HIV 
RNAA plasma levels has been reported for these patients, suggesting that HIV 
infectionn influences MCD by increasing the HHV8 load 37-38. The difference 
observedd in the clinical relevance of HHV8 load in AIDS-KS and MCD can be 
explainedd by the difference of the cells which harbour HHV8 DNA; spindle cells 
inn AIDS-KS versus B-cells in MCD. 

Otherr factors in the development of KS 
HIV-11 co-infection 
Althoughh HHV8 is now considered as the causative agent of all variants of KS, 
moree factors seems to influence KS development in infected individuals, such as 
ann impaired immune system. AIDS-KS is more aggressive compared to the other 
formss of KS, indicating that HIV may play an aggravating role in the 
developmentt of KS, apart from immunosuppresion due to infection. Interaction 
betweenn HHV8 and HIV-1 takes place, as HHV8 is activated by HIV-1 Tat 39 and 
ann increase in HIV-1 replication is found in the presence of HHV8 40. The fact that 
AIDS-KSS may occur at normal CD4-cell counts suggests that HIV does contribute 
moree than just immunodeficiency. HIV-1 infected cells, HHV8 infected cells, and 
KSS cells each produce cytokines and growth factors that promote the 
developmentt of clinical KS. HIV-1 infected cells have been shown to produce a 
varietyy of inflammatory cytokines that stimulate KS tumour cell growth41. 
Thee contributions of HIV RNA burden and CD4 cell count as a risk factor for KS 
aree not always directly proportional. Both factors have been described as 
individuall  risk factors, but also combined. This strengthens the idea of a direct 
andd indirect contribution of HIV infection to KS development 12/12,43 

Hostt genetics 
Apartt from HIV-1, other aspects may also play a role in KS disease progression, 
suchh as host genetic factors. For example, an A/ T single nucleotide 
polymorphismm (SNP) at position -251 in the IL-8 promoter, which influences 
productionn of IL-8, an important growth factor for Kaposi's sarcoma (KS), may 
playy a role. IL-8, the prototype member of the C-X-C chemokines, was shown to 
bee an autocrine growth factor for KS, where it mediates angiogenesis 44. IL-8 
serumm levels are elevated in classical KS patients 45 and after HIV infection iMS, 
withh HIV-1 Tat protein stimulating IL-8 production 44. We studied the effect of a 
SNPP in the IL-8 promoter on the risk of development and the severity of AIDS-
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relatedd KS in chapter 6. We found that individuals homozygous for T at this 
promoterr position, which are presumably low IL-8 producers, were partially 
protectedd from disease, and experience less severe disease symptoms. The results 
indicatee that low IL-8 producers are partially protected from AIDS-KS. 
Anotherr SNP that was recently described is located in the IL-6 promoter. This 
SNPP was found to be associated with the risk of HHV8 infection, a requirement 
forr KS development 49. These two studies show that host-related genetic factors 
cann increase the risk of KS. Viral variants in HHV8 itself may also be of influence. 
Ann HHV8 SNP in ORF 26 has been correlated with increased susceptibility to KS 
5050.. This observation suggests that molecular heterogeneity of the HHV8 genome 
affectss the biological properties of HHV8. Combined with the SNPs in host, these 
viruss variants may result in different clinical phenotypes of HHV8 infection. 

Otherr co-infections 
Anotherr aspect that may be related to the development of KS is concurrent 
infections.. A correlation between co-infection with several herpesviruses and 
diseasee development has been described. HHV6 and HHV7 are possibly a risk-
factorr for CMV related disease 5154, and activation of EBV by CMV has also been 
describedd 55-56. An in vitro study by Vieira et al showed activation of HHV8 lytic 
replicationn by CMV  57. If this activation is also operational in vivo, CMV might be 
ann augmenting cofactor in KS development. We assessed if CMV prevalence or 
loadd is a possible risk factor for KS development in a population study in chapter 
7.. We found that CMV prevalence and load is not an augmenting cofactor in the 
developmentt of KS, but other co-infections may play a role in KS. 
Thee clinical course of KS in each individual patient is likely to be determined by a 
varietyy of factors, including the pattern of cytokine production, the presence of 
otherr infectious agents, genetic factors and immunological status. Much remains 
too be learned about the mechanisms by which HHV8 initiates and promotes 
developmentt of HHV8 associated diseases. HHV8 may play a crucial role in 
creatingg the necessary microenvironment for lesion development through 
autocrinee / paracrine mechanisms, with only a few cells producing factors that 
potentlyy stimulate the growth of nearby cells; or HHV8 might directly transform 
cells,, resulting in KS. A combination of the two scenarios is also possible. 

Futuree directions 
Too understand the dynamics of HHV8 infection several directions can be 
explored.. First, the development of an animal model that accurately reflects KS 
pathogenesiss wil l be an important research tool. With such a system the recent 
hypothesiss that iron may be an important cofactor involved in the pathogenesis of 
KSS could be further examined 58, as well as aid in the further examination on the 
precisee interaction between HIV and HHV8. Second, PCR-based studies have 
shownn that HHV8 is rarely found in semen 59<60, but a few reports described high 
HHV88 titers in saliva 61<62. Therefore, a longitudinal analysis of HHV8 viral load in 
saliva,, before and after KS and /or MCD development could help to understand 
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thee dynamics of HHV8 infection. This may also provide further information on 
thee transmission route of HHV8. In such a study the effects of protease inhibitors 
(PI)) can also be analysed. The frequency of KS has dropped dramatically after the 
introductionn of HAART, especially with the inclusion of HIV Pis 6364. Studies 
donee specifically on the effects of PI on KS show that Pis have the ability to inhibit 
thee in vivo growth and invasion of an angiogenic tumour-cell line 65 and systemic 
administrationn of the Pis to nude mice was shown to block the development and 
inducess regression of angioproliferative KS-like lesions 66. Not only because of 
immunee reconstitution 67, but also because of direct and indirect activities, Pis can 
bee exploited for the therapy of KS and other tumours that occur in HIV-infected 
individuals,, independent of there ability to inhibit the HIV protease. 
Sincee HAART does not eradicate HIV and is associated with severe toxicity, the 
riskk of KS still exists making the prevention and treatment of this disease still 
imperative. . 
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