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Generall  Introduction 

Introductio n n 

Discoveryy of human herpesvirus 8 

Moritzz Kaposi first described Kaposi's sarcoma (KS) more than a century ago in 
18722 as "idiopathic multiple pigmented sarcoma of the skin"1. Until the early 
1980s,, it was almost exclusively observed as a rare tumour of unknown origin, 
occurringg in elderly persons of Mediterranean and Eastern European origin, as a 
complicationn of chronic immunosuppressive therapy, or as an aggressive 
malignancyy in young adults in sub-Saharan Africa. This epidemiological picture 
off  KS changed when in 1981 in New York and San Francisco dermatologists noted 
KSS in otherwise healthy young homosexual men 2. The disseminated and highly 
aggressivee form of KS in this group was recognised as one of the AIDS defining 
events.. As the AIDS epidemic spread, KS became the most common neoplasm in 
patientss infected with HIV-1; KS was found in approximately 40% of American 
menn with AIDS 3. A series of epidemiological observations strongly indicated that 
KSS had an infectious origin 4 and finally human herpesvirus 8 (HHV8), also 
knownn as Kaposi's sarcoma associated herpesvirus (KSHV), was identified by 
Changg et al. in 1994 as the cause of KS5. 

Humann herpesvirus 8 

Taxonomyy of HHV 8 

Beforee the discovery of HHV8, herpesvirus particles were described in a short-
termm culture of a KS lesion 6, they were subsequently identified as 
cytomegaloviruss (CMV) 7 and an association with CMV infection was proposed, 
althoughh this was found not to be true 8. The breakthrough in the search for the 
KSS agent came in 1994. Using representational difference analysis, two DNA 
fragmentss of a previously unknown herpesvirus were discovered in a KS lesion of 
aa patient with AIDS 5. The virus was identified as HHV8 or KSHV. On the basis 
off  phylogenetic analysis 910, HHV8 turned out to be the first human rhadinovirus 
(gamma-22 herpesvirus) identified (figure 1). The sequences showed homology to 
Epstein-Barrr virus (EBV), the closest human relative which belongs to the 
lymphocryptoviruss (gamma-1) herpesvirus subfamily, and herpesvirus saimiri 
(HVS).. The similarity to other human herpesviruses is also apparent from the 
structuree of the virus. The 3D structure of the HHV8 capsids is similar to those of 
herpess simplex virus type 1 (HSV-1) and CMV, which are prototypical members 
off  alpha- and beta-herpes viruses, respectively n. 
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Figur ee 1: HHV8 in relation to other herpesviruses. 
EBV,, Epstein-Barr virus, EHV-2 equine herpesvirus type 2, HVS herpesvirus saimiri, HSV herpes simplex virus, 
HSV-11 herpes simplex virus type 1, HSV-2 herpes simplex virus type 2, EHV-1 equine herpesvirus type 1, PRV 
pseudorabiess virus, VZV varicella-zoster virus, HCMV human cytomegalovirus, HHV-6 human herpesvirus 6, and 
HHV-77 human herpesvirus 7. 
Source:: Antman K and Chang Y. Kaposi's sarcoma. N Engl J Med 2000; 342:1027-38. 

Genomee structur e of HHV 8 

HHV88 is a typical herpesvirus; its double stranded DNA genome consists of a 
continuouss 145 kb long unique region that is flanked by 20-35 kb terminal repeat 
regionn (figure 2). Two types of genes have been described: Conserved genes that 
aree also found in other herpesviruses and coding for structural and replication-
associatedd proteins, being arranged in blocks. In the gene regions between these 
conservedd blocks, the viral genome contains open reading frames (ORFs) unique 
too rhadinoviruses and HHV8, including a variety of homologues to human genes 
912.. HHV8 encodes a dozen genes of cellular origin, including genes that encode 
proteinss that can modulate immune responses, apoptosis, and cell growth. These 
geness include viral homologues to cytokines and cytokine receptors, such as IL-6 
13,, macrophage inflammatory proteins I and II (vMIP-I/-II) , and the IL-8 
receptor// G-protein coupled receptor (vIL-8/vGPCR)1415, as well as genes 
associatedd with cell proliferation and anti-apoptosis, such as a viral Cyclin D 16, 
ann interferon response factor (vIRF)17, vBcl-218 and Flice inhibitory protein 
(vFLIP)19.. Genes unique to HHV8 have been characterized and assigned with the 
prefixx "K " and at least two of them, Kl and K12 (T0.7/Kaposin), revealed 
transformingg potential in vitro 2022. 

Althoughh successful primary cultivation of HHV8 from KS tissue has been 
reported,, the use of cell culture systems other than the lymphoma cell lines is 
veryy limited so far 23-24. In cell lines the expression of viral genes can be induced 
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Generall  Introduction 

byy butyrate or phorbol esters and based on this response three classes of HHV8 
transcriptss have been distinguished 25. In general, class-1 genes are associated 
withh latent infection, class-II genes have been associated with both latent and lytic 
infection,, and class-Ill exclusively with lytic infection26. 

Codingg region 

Termina l̂  ^ 
repeats s 

| | 
Kl l 

vIL-6 6 

.. _ . vBcl-2 
vMIP-I I 

vMIP-II ,, -III ORF26 
1 1 

vIRl: : ORF655 vFLIP vCyc 

__ I N f -

ii  i m\ 

Termina a 
repeats s 

K12/Kaposinn ' vGPCR 
ORF73/LANA A 

kbOO 50 100 
Figuree 2: The HHV8 genome is 140 kb long, flanked by multiple repeat sequences (striped blocks). The genome 
containss close to 100 open reading frames (ORF). Genes that are conserved in most herpes viruses are located in the 
conservedd blocks (light grey boxes). The more diverse areas of the genome are indicated by black boxes. 

Genomicc variation of HHV 8 

Thee genome of HHV8 is highly conserved among the different viral isolates, and 
thee most variable region to date in the HHV8 genome appears to be ORFK1, 
codingg for a transmembrane protein with similarity to the B-cell receptor. Using 
ORFK11 sequences from different geographic regions, four major subtypes (A, B, C 
andd D) 27 were defined by phylogenetic analysis. There is evidence that particular 
subtypess and variants are associated with particular geographic regions; Al , A4 
andd C3 variants were frequently seen in AIDS-KS cases from the USA, whereas B 
subtypess predominated in African KS cases or in people of African heritage, and 
CC subtypes were mostly found in Classic, Transplant and AIDS-KS cases from the 
Middlee East and Asia. A rare D subtype was identified in patients of pacific 
Islandd origin 27. Similar results were described in another study where the 
subtypess A, B and C were distinguished 28. This study narrowed the definition of 
subtypee variants, with subtype B predominantly found in Africa while subtypes 
AA and C were found more frequently in Europe. More recently a new subtype E 
wass found in Brazilian Amerindians 29 and a subtype N in South Africa 303:. An 
overvieww is shown in figure 3. 
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Figuree 3: Genotype distribution of HHV8 

HHV 88 disease association 

Primar yy infection 

Dataa on primary HHV8 infection is scarce. In a study on HHV8 infection in 
immunocompetentt children, primary infection was linked to febrile 
maculopapularr skin rash 32. One study reported non-specific symptoms of 
diarrhoea,, fatigue, localized rash, and lymphadenopathy around the time of 
seroconversionn to HHV8 33, and another found a higher incidence of sore throat, 
cough,, and muscle ache during primary HHV8 infection in HIV-1 seronegative 
individualss M. 

Kaposi'ss sarcoma 

KSS may develop in the absence of immune deterioration, but in most cases occurs 
whenn the immune system is suppressed (HIV-1 infection, advancing age, or 
immunee suppressive drug treatment after organ transplantation). KS is a tumour 
off  vascular origin giving rise to multiple independent lesions of the skin that 
evolvee from patches to plaques and then to nodules. Different clinical and 
epidemiologicall  forms of KS are recognised. 
Classicall  KS, an indolent form, primarily occurs in older men of Eastern 
European,, Mediterranean, or Jewish descent 3-35. It usually arises at the lower 
extremitiess and only rarely involves visceral organs. More than 65% of the 
patientss are older than 50 years at the time of diagnosis 3. The disease progresses 
slowlyy and those affected often live with the disease for 10 years or more 36. A 
mildd form of KS is found in post-transplantation patients. Severe 
immunosuppression,, such as that which occurs with medication in organ 
transplantationn or autoimmunity, predisposes to KS. This variant of KS is known 
ass iatrogenic KS or transplant KS 37. Depending on the type of organ received and 
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Generall  Introduction 

thee geographical or ethnic origin 0.5-5% of the organ transplant recipients 
developp KS 38. An endemic and aggressive form of KS (African KS, endemic KS) 
involvingg visceral and/or lymphatic organs occurs in children and young black 
adultss in equatorial Africa 39. The most aggressive form of KS is found in HIV-1-
infectedd individuals (AIDS-KS, epidemic KS). This form of KS is generalised and 
disseminatedd localising in skin and visceral organs, but also including the gastro-
intestinall  tract and lungs 40. HIV and HHV8 dually infected patients have a high 
riskk of developing KS, possibly because of a synergistic effect of the two viruses. 
Thee HIV-1 Tat protein has been suggested to act as an angiogenic factor and as a 
stimulatorr of HHV8 replication41'42. 
Althoughh all these forms of KS have a different clinical course, they share the 
samee histopathology that is characterised by angiogenesis, inflammation, and 
proliferation.. The lesions are characterised by the presence of spindle-shaped 
cells.. The vascular endothelial cells and the perivascular spindle shaped cells in 
KSS lesions are infected with HHV8. The majority of these spindle cells are latently 
infected,, expressing a small subgroup of viral proteins. Only a small proportion 
off  the cells express a large number of viral lytic antigens. 

Multicentri cc Castleman's disease (MCD) 

Castleman'ss disease is a rare, non-malignant lymphoproliferative disorder, 
characterizedd by atypical polyclonal B cells 43. Histologically, Castleman's disease 
cann be divided into a plasma cell (PC) variant type, a hyaline vascular type, or a 
combinationn of the two. The multicentric PC and multicentric PC-hyaline types 
aree most likely manifestations of HHV8 u and are seen in HIV-infected 
individuals.. Most case studies demonstrate near 100% presence of HHV8 by PCR 
inn AIDS-associated MCD, whereas studies of non AIDS-associated MCD detect 
HHV88 in 40% to 50% of cases 43-44. Plasmablastic MCD is a newly described 
variantt of MCD that has been highly associated with HHV8 45. In contrast to KS, 
inn which the tumour cells show primarily latent infection, a higher rate of lytic 
infectedd cells can be observed in MCD. Castleman's disease has been linked to 
excesss production of interleukin-6 46 and the symptoms were associated with high 
HHV88 viral load in peripheral blood mononuclear cells, and high plasma human 
interleukinn 6 (IL-6) and interleukin 10 levels. HHV8 encodes its own viral 
homologuee of IL-6 47 as well as both latent and lytic genes, which can potently 
inducee the cellular expression of IL-6. This disease is most likely the result of 
activee lytic viral infection in the context of a host with poor immune control. 

Primar yy effusion lymphoma (PEL) 

PELL is a rare B-cell lymphoma, seen predominantly in patients with AIDS, and in 
thee absence of HIV infection extremely rare. The malignant cells are monoclonal B 
cellss that contain HHV8 and, in most cases, Epstein-Barr virus (EBV)16-48'51. An 
importantt feature of PELs is that the viral DNA copy number is extremely high, 
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comparedd with their KS counterparts52. Most of the initial PELs were HHV8 and 
EBVV positive but in 1998 the first HHV8+/EBV- cell line was described 53. 

Otherr  HHV 8 disease associations 

Severall  studies have suggested a role of HHV8 in multiple myeloma (MM) 54-55
/ 

however,, subsequent studies failed to detect HHV8 DNA or anti-HHV8 
antibodiess in patients with MM  56. The role of HHV8 in MM remains unclear. An 
overvieww of diseases tested for the presence of HHV8 is given by Ablashi et al57. 
Recentlyy an association between HHV8 and primary pulmonary hypertension has 
beenn suggested 58"60. 

Tablee 1: Disease associated with HHV8 

Diseasee Risk population Morphology y Frequency y 

20-30% % 
Homosexual l 
men n 

4-7% % 

Rare e 

Site e 

AID S S 
associated d 

HIV-11 infected homosexual men 

Endemicc Young adults sub-Saharan Africa 

KS S 
Classical l Olderr men of eastern European, 

Mediterraneann or Jewish decent 

~~ . Organ transplant recipients; 
Transplantt _ . . . , . 

.. , Patients receiving chronic 
associatedd . 

immuno-suppressivee therapy 

Primaryy effusion 
lymphoma a 

Subsett of body cavity lymphomas. 
Mostt common in patients with 
HIV V 

Spindel--
shapedd KS 
cells s 

Immunoblasts s 

Skin; ; 
Muco--
cutanio o 

0.2-5%% renal 
transplant t 
recipients s 

Rare;; 0.13% of 
alll  AIDS- Body-
associatedd cavity 
NHLs s 

Multicentric c 
Castleman n 
disease e 

Mostt common in patients with 
HIV ;; not always associated with 
HHV8,, sometimes associated with 
PELL or KS 

Plasmablasts s Rare e 
Lymph--
nodes, , 
spleen n 

HHV 88 and HIV 

HIVV infection is neither necessary nor sufficient for the development of KS. 
However,, it is associated with an increased risk of KS and a more aggressive 
coursee of the disease. Interaction between HHV8 and HIV-1 takes place, as HHV8 
iss activated by HIV-1 Tat 42 and an increase in HIV-1 replication is found in the 
presencee of HHV8 61. HIV-1 may also play a role by promoting cytokine 
production.. HIV-1 infected cells have been shown to produce a variety of 
inflammatoryy cytokines that stimulate KS tumour cell growth 62. There is also an 
overwhelmingg association of KS with HIV-1, but not HIV-2, infection. HIV-1-
positivee patients were roughly 12 times more likely to have KS than were HIV-2-
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positivee patients 63. In a study on the effects of HIV-1 Tat on AIDS-KS, a human 
AIDS-KSS cell line was injected into Taf-transgenic mice which subsequently 
developedd KS-like tumours M. 

Distributio nn of HHV 8 

Geographicc distributio n 

Unlikee other herpesviruses, HHV8 is not ubiquitous. Seropositivity rates for 
HHV88 vary with race and geographic regions. Infection rates are less than 3% in 
thee United States and most European countries. In the Mediterranean, the 
infectionn rates are up to 35%. A large study on blood donors from the different 
regionss in Italy showed that HHV8 seroconversion ranged from 3.8% to 35% 6566, 
withh highest rate in part of the country with high incidence rates of KS. The 
highestt seroprevalence rates are found in Africa, where the seroprevalence in 
Ugandaa and other Central African countries may be substantially higher than 
50%% 65'67. Most HHV8 infections appear to be asymptomatic, and most infected 
individualss wil l not develop virus-associated disease. Generally, the regional 
seroprevalencee of HHV8 correlates well with the incidence of KS. 

Agee distributio n 

Inn developed countries the seroprevalence increases after puberty whereas in 
endemicc areas the seroprevalence increases throughout childhood 32-68'69. Overall, 
thee seroprevalence rate in children tends to mirror that in the adult population 
butt in somewhat lower percentages, and many studies found an increase in 
seroprevalencee with age70'71. 

Sexx distributio n 

Inn contrast to the almost identical rates of HHV8 infection among men and 
womenn in different areas of the world, increasing male-to-female ratios of KS are 
found,, which may be as high as 17:1, especially in high-incidence areas 36. This 
suggestss that gender plays a role in the development of KS, possibly through 
androgenicc hormones. However, in South Africa where previous male-to-female 
ratioo was 7:1 in 1988, the incidence rate in women has increased at a higher rate 
thann in men and in 1996 the ratio has changed to 2:1 72. In the case of Iatrogenic 
KS,, female gender was found to be a risk factor in an Italian cohort. This reflected 
aa higher seroprevalence in women than in men before transplantation 73. This 
suggestss that the difference in prevalence of KS between men and women 
correlatess better with prevalence of infection than with hormonal differences. It is 
clearr that the manner in which gender contributes to the development of KS 
remainss to be examined. 
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Distributio nn of HHV 8 in population at risk of AIDS-K S 

AA high seroprevalence has been reported in patients attending clinics for sexually 
transmittedd diseases or in patients with well-known risk of KS, especially in HIV-
positivee homosexual men, ranging from 20% to 70% and supporting the concept 
thatt HHV8 is a sexually transmitted disease in this group 74_76. In Amsterdam, 
HHV 88 antibodies were most often found in HIV-infected men and could be used 
too predict the risk of KS 77. Only 7-11% of HIV-1 positive intravenous drug users 
aree HHV8 positive, and among HIV-positive haemophiliacs HHV8 infection is 
veryy uncommon76'78-79. 

Transmissionn routes of HHV 8 

Sexuall  transmission of HHV8 is well established, particularly through male 
homosexuall  contact. The prevalence of HHV8 infection is associated with the 
numberr of homosexual partners and correlates with a history of sexually 
transmittedd diseases 80-8:. However, in the South African population, the 
correlationn with increasing numbers of heterosexual partners is less apparent 70. 
Althoughh a reported increase in virus prevalence after puberty in developed 
countriess further supports transmission by sexual contact, prepubescent virus 
prevalencee observed in Africa suggests additional modes of transmission 68. The 
presencee of HHV8 antibodies in infants suggests transmission of HHV8 from 
motherr to child 82-83, although a recent study on vertical transmission of HHV8 
duringg pregnancy and birth did not find evidence of this 84. The continuing 
increasee in the prevalence of HHV8 infection throughout childhood points to 
transmissionn from child tot child via non-sexual routes (e.g. via saliva) in both 
Africaa and southern Europe 32<68-69. Overall, apart from sexual transmission, 
horizontall  transmission from mother to child 6883, transmission via saliva 85, and 
other,, presently unknown routes of transmission are suggested 68,69,86-88 
Importantly,, HHV8 seropositivity was not associated with injecting drug use, 
whereass infections with HIV-1, hepatitis B virus (HBV), and hepatitis C virus 
(HCV),, known blood-born transmitters, were associated 78. Further studies of 
variouss body fluids of persons with KS have found high levels of HHV8 in saliva 
andd at much lower levels in cervical and vaginal fluids and serum 89. HHV8 
recoveredd from saliva was similar to HHV8 DNA recovered from cultured cells 
thatt were infected with saliva fluid, suggesting that infectious virus is carried in 
thee saliva and that HHV8 can be transmitted via saliva 85'90. 
Recentlyy a novel transmission route has been postulated in transplant patients, 
wheree tumour cells from the donor can contribute to Iatrogenic KS. Barozzi et al. 
foundd Y-chromosome markers and donor-derived microsatellite sequences in 
tumourr cells from female patients 91. Not only HHV8 but also the KS progenitor 
cellss may be seeded after solid organ transplantation. 
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Diagnostics s 

HHV88 activity can be monitored via assays that either detects the virus itself 
(proteinss or nucleic acids) or the host response to infection (antibodies or cellular 
immunee response). Efficient systems for culturing HHV8 from samples of 
infectedd tissues or bodily fluids have not yet been developed. 

Serologicall  testing 

Throughh the development of serological assays that detect antibodies against 
HHV-8,, large-scale epidemiological studies were made possible, which have 
providedd important information on HHV-8 infection. HHV8 antigens that are 
targetedd by the humeral (B-cell) response come in two broad categories: latent 
andd lytic. The major latent antigen is latent nuclear antigen 1, which is encoded 
byy open reading frame 73 (ORF 73). The major lytic antigens are open reading 
framee 65 (ORF 65) (a capsid protein) and K8.1 (a membrane-associated 
glycoprotein).. There is no gold standard yet against which to measure the efficacy 
off  serological assays, consequently some may overestimate the number of 
positives,, and some may underestimate the number. Several large studies give an 
overvieww of HHV8 serological tests and compared the performance of various 
assayss (western blot, immunofluorescence assays or enzyme immunoassays) 92~95. 
Thee concordance for KS sera is relatively high, whereas it decreases in KS free 
HIV-infectedd patients, African patients, and healthy individuals. The 
immunofluorescencee assays (IFA) that detect lytic antigens are generally more 
sensitivee than other assays, and their use results in higher estimates of prevalence 
75'.. When used together, two IFA (latent and lytic) showed the best combination of 
sensitivityy (89.1%) and specificity (94.9%) 93. The combination of the results of 
severall  peptide assays (combined-peptide ELISA's) or the use of a combination of 
severall  peptides in a single assay has also been proposed to increase sensitivity 96. 
HHV88 serology assays show lower overall concordance in low-prevalence 
populationss than in KS patients. Therefore, particular caution is recommended in 
low-prevalencee settings, because the number of false positives can exceed the 
numberr of true cases, leading to the underestimation of risks. 
Apartt from the sensitivity of the serology assays, other factors also influence the 
seropositivityy rate in population studies. A recent study found that titers to both 
lyti cc and latent antibodies increased for many years, usually in parallel, and were 
higherr in HIV-1 infected men, even in asymptomatic individuals 97. Because 
personss with more advanced infections have higher antibody levels, they are 
easierr to detect, which may distort our understanding of the epidemiology of 
HHV8.. Not only prolonged HHV8 infection but HIV infection also has been 
reportedd to boost HHV8 antibody levels to both the latent nuclear antigen 
encodedd by ORF 73 and the lytic cycle capsid protein encoded by ORF 65 77. The 
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samee study also showed that the antibody levels of ORF 65 rise after KS, in 
contrastt to the levels of ORF 73 antibodies that remained similar before and after 
KS.. Taken as a whole, the various serological assays are still imperfect, which 
resultss in the misclassification of HHV-8 test results, and this influences the 
resultss of epidemiological studies. However, the distribution of HHV-8 infection 
amongg HIV risk groups and geographical areas has been quite comparable. 

Molecularr  diagnostics 

Thee development of amplification methods has been very important in clinical 
diagnosticss of viral diseases, jointly related to antiviral drug development. They 
playy an important role in viral diagnosis and research and are essential for 
providingg information when viral culture and identification are not feasible. The 
molecularr diagnostic assays can be separated into qualitative and quantitative 
assays. . 

Qualitativ ee assays 

Severall  qualitative amplification methods have been developed for the detection 
off  HHV8 in different biological samples. HHV8 PCR was used to demonstrate the 
causall  association between HHV8 and KS, PEL and other HHV8 associated 
diseasess as well as predicting the development of KS in asymptomatic HIV 
positivee patients. HHV8 DNA can be detected in the blood, especially in the 
lymphocytee fraction of infected patients and the presence of viral DNA is 
predictivee of a significantly increased risk of developing KS 98-101. Using nested 
PCRR assays for ORF 65 and ORF 73, combined with EIA assays for ORF 65 and 
ORFF 73, primary HHV8 infections were identified in the Amsterdam Cohort 
studiess 77. 

Quantitativ ee assays 

Forr predicting the progression of an infection and for monitoring the effects of 
antivirall  drug therapy, quantification of nucleic acids has become an essential tool 
inn clinical virology. Quantitative molecular assays allow the reliable measurement 
off  the amount of a specific nucleic acid target in biological samples. The first 
approachess towards quantification were semi-quantitative, based on limiting 
dilutionn of the samples. Subsequently, competitive PCR assays were developed. 
Now,, with the development of real-time amplification methods, most 
quantitativee assays are real-time based. These quantitative assays are fluorescence 
basedd and have several advantages over conventional (RT-) PCR assays that 
requiree additional steps after amplification for the detection of the amplimer, 
suchh as gel electrophoresis, Southern blotting or enzyme-linked immunosorbent 
assays.. First, the reduced risk of contamination from prior experiments, because 
amplificationn and detection takes place in a closed system. Second, the high 
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throughputt makes it possible to detect and quantify numerous samples in one 
day.. Third, there is a broad dynamic range of quantification. 
Onee detection method in particular uses RNA as template is nucleic acid 
sequenced-basedd amplification (NASBA) 102-104 although it can also be used for 
DNAA detection and amplification nowadays io5,io6_ j ^ e single-step isothermal 
RNA-specificc amplification process amplifies RNA in a dsDNA background. 
NASBAA has been used to detect viral RNA in clinical samples such as CMV and 
HIV-1104'107'108.. Recently, NASBA assays have been developed into a real-time 
detectionn amplification system by combining the NASBA with a molecular 
beacon109.. This beacon hybridises with the target amplimers in NASBA (figure 
4a).. The beacon has a stem-loop structure, with a complementary sequence to the 
targett in the loop and a double-stranded stem structure with an unrelated 
sequence.. When the molecular beacon hybridises with its target, it undergoes a 
conformationall  change. The fluorophore and the quencher that are attached to the 
oppositee ends of the stem are separated and the beacon fluoresces. 
Real-timee PCR is similar in its use of fluorophores but with this amplification 
system,, a molecular probe is used. The fluorescent-labeled oligonucleotide probe 
iss coupled to the endogenous 5'exonuclease activity of Taq DNA polymerase as a 
meanss of cleaving a quenched fluorphore from the probe (figure 4b). For HHV8, 
severall  real-time assays have been developed110113. In this thesis both real-time 
NASBAA and real-time PCR assays are described. 
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Figuree 4: Schematic representation of (a) molecular beacon used for real-time NASBA amplification and (b) 
molecularr probe used in real-time PCR. 
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Scopee of this thesis 

Althoughh the mechanism by which HHV8 leads to the development of KS is still 
unclear,, it is now generally agreed that HHV8 is a key player in the development 
off  KS and Hill' s criteria, for linking a pathogen to disease, have been met for 
HHV 88 and KS. To study the role of HHV8 in KS we have developed several real-
timee amplification assays that enabled us to study the expression of several 
HHV 88 genes in PBMC and skin lesions of KS patients. Because these studies did 
nott reveal a clear pattern in HHV8 RNA prevalence or RNA levels, the focus 
shiftedd towards HHV8 DNA. With many viral infections, the detection and 
quantificationn of the virus play an important role in predicting disease 
developmentt and to monitor treatment. Monitoring viral load in blood has 
alreadyy been introduced into clinical routine for HIV and hepatitis C virus. The 
importancee of viral load in predicting disease development, combined with the 
causall  relation between HHV8 and KS, led us to postulate that the HHV8 viral 
loadd may be indicative for disease progression. To study HHV8 DNA load we 
developedd a real-time amplification assay. The purpose of this assay was to be 
ablee to detect and quantify HHV8 DNA in clinical samples. We studied HHV8 
viremiaa as a possible predictor of AIDS-KS and as a measure of disease 
progression.. We performed longitudinal analysis of HHV8 load in AIDS patients 
beforee and after KS diagnosis. 
HHV88 is also associated with MCD, and using the real-time quantitative assay, 
thee clinical relevance of HHV8 load in a MCD patient was studied. Plasma 
sampless from this patient were used to study cell-free HHV8. 
Apartt from HHV8, additional factors seem to determine if KS develops in 
infectedd individuals. A role may be played by genetic differences between the 
individuals.. Interleukin-8 (IL-8) was shown to be an autocrine growth factor for 
KS,, and it fulfil s a prominent role in tumour angiogenesis and several cancers. 
Higherr IL-8 expression correlates with poor KS prognosis. An IL-8 -251 A/ T 
polymorphismm SNP that correlates with differential IL-8 production is studied as 
aa possible risk factor for the development of KS. Another cofactor in the 
developmentt of KS may be an interaction of HHV8 with other viruses. An in vitro 
studyy showed activation of HHV8 lytic replication by CMV, if this activation is 
alsoo operational in vivo, CMV might be an augmenting cofactor in KS 
development.. In a population study we assessed if CMV prevalence or load is a 
riskk factor in the development of AIDS-KS, and if the activation of HHV8 by CMV 
seenn in vitro is also found in vivo. 
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Developmentt of HHV8 real-time NASBA assays 

Background d 

Humann herpesvirus-8 (HHV8) is linked to the pathogenesis of Kaposi's sarcoma 
(KS),, and the HHV8 DNA load in peripheral blood mononuclear cells (PBMC) is 
associatedd with the clinical stage of KS. To examine the expression of HHV8 in 
PBMC,, four HHV8 mRNA specific NASBA assays were developed 

Methods s 

Wee have developed four quantitative nucleic acid sequence-based amplification 
assayss (NASBA-QT) specifically to detect mRNA coding for ORF 73 (latency-
associatedd nuclear antigen, LANA) , vGCR (a membrane receptor), vBcl-2 (a viral 
inhibitorr of apoptosis) and vIL-6 (a viral growth factor). The NASBA technique 
amplifiess nucleic acids without thermocycling and mRNA can be amplified in a 
dsDNAA background. A molecular beacon is used during amplification to enable 
real-timee detection of the product. The assays were tested on PBMC samples of 
twoo AIDS-KS patients from the Amsterdam Cohort. 

Results s 

Forr all four assays, the limi t of detection (LOD) of 50 molecules and the limi t of 
quantificationn (LOQ) of 100 molecules were determined using in vitro transcribed 
RNA.. The linear dynamic range was 50 to 107 molecules of HHV8 mRNA. We 
foundd HHV8 mRNA expression in 9 out of the 10 tested samples. 

Conclusion n 

Thesee real-time NASBA assays with beacon detection provide tools for further 
studyy of HHV8 expression in patient material. 
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Background d 

Homosexuall  men infected with HIV-1 are at increased risk for developing AIDS-
relatedd Kaposi's sarcoma (AIDS-KS) due to co-infection with HHV8, a gamma 
herpess virus. Also known as Kaposi's sarcoma associated herpes virus, HHV8 
wass first discovered in 1994 in KS-affected tissue 1. Since then it also has been 
associatedd with the development of multicentric Castleman's disease and primary 
effusionn lymphoma (PEL) 25. HHV8 DNA has been detected in both tissues and 
bodilyy fluids 6-7. Studies initiall y focused on HHV8 and its association with KS, 
transmissionn of HHV8, and the natural history of HHV8 infection. As shown by 
Renwickk et al. and Jacobsen et al. 8;9 seroconversion for HHV8 during HIV 
infectionn increases the risk of developing KS, implying that HIV-1 has an impact 
onn HHV8. Laboratory assays developed for the detection of HHV8 include 
serologicc assays such as immunofluorescence antibody assays 1013, immunoblot 
assayss 10, and various enzyme immunoassays 14_16. PCR-based assays have also 
beenn used to detect HHV8 DNA  1. With the serologic assays, sensitivity and 
specificityy are always problematic. No single assay is completely sensitive and 
specificc 17. 

Wee would prefer a method using viral RNA or DNA as a marker for the presence 
off  HHV8. Though DNA is an obvious choice because HHV8 is a DNA virus, we 
havee chosen RNA, because it indicates activity of the virus and may thus be a 
betterr prognostic marker. Active infected cells produce more RNA than DNA. In 
situsitu hybridisation has shown that most HHV8 infected cells in KS lesions are 
latentlyy infected 1819 but lytic HHV8 infection is clearly present in a small 
proportionn of cells 2022. 

AA method for the detection of RNA is RT-PCR. To increase sensitivity an 
additionall  amplification step can follow the RT-PCR. This method is time 
consumingg and also increases the likelihood of false positive reactions due to 
cross-contamination.. Nucleic acid sequence-based amplification (NASBA) is a 
single-stepp isothermal RNA-specific amplification process 23 that amplifies mRNA 
inn a dsDNA background 24. NASBA has proved successful in the detection of 
variouss mRNAs 2426 and in the detection of both viral  23 and bacterial  27 RNA in 
clinicall  samples. 

Byy combining the standard NASBA technology 28 with a molecular beacon that 
annealss during amplification to the target sequence, a real-time detection system 
iss generated 29. This paper describes our development of real-time NASBA assays 
too quantify four functionally different genes of HHV8: ORF 73, a latent gene, 
vGCR,, a constitutively active gene, and the lytic genes vBcl-2 and vIL-6. To 
normalisee the input mRNA we developed a fift h NASBA for a constitutively 
expressedd mRNA, U1A mRNA, and standardised the specific HHV8 mRNAs to 
thee expression of U l A mRNA. 
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Methods s 

HHV 88 genes. Our first assay was developed for ORF 73 and is based on the 
amplificationn of a 192 bp fragment situated within the gene. ORF 73 encodes the 
majorr immunogenic latency-associated nuclear antigen (LAN A) of HHV8. LAN A 
iss essential for maintenance of this virus in latently infected cells 30-31. It is 
expressedd only in such cells and thus gives a good indication of latent HHV8 
infection.. In addition, LAN A interacts with the tumour suppressor protein p53 
andd represses its transcriptional activity 32. 
Ourr second assay was developed for vGCR, G-protein coupled receptor, and 
amplifiess a 168 bp fragment. A receptor that binds several CXC and CC 
chemokines,, vGCR appears to be constitutively active 33, although some studies 
indicatee that it is expressed only during lytic replication 34. It may contribute to 
thee pathogenesis of KS by increasing the release of cellular growth factors such as 
VEGFF 33. It transforms rodent fibroblasts and induces expression of angiogenic 
factors35. . 

Thee final two assays were developed for the genes vBcl-2 and vIL-6. The assay for 
vBcl-22 amplifies a 216-bp fragment, and for vIL-6 the fragment is 186 bp. vBcl-2 
andd vIL-6 are both early lytic genes, as their expression increases within 10 hours 
afterr induction 9. 

vBcl-22 is a member of the Bcl-2 family, and functional studies indicate that vBcl-2 
preventss Bax-mediated apoptosis and thus is an anti-apoptotic protein 3637. It is 
primarilyy active during lytic replication and its expression pattern suggests that it 
mayy function to prolong the survival of cells in which lytic infection is present. 

vIL-66 is a secreted cytokine that maintains proliferation of IL-6-dependent mouse 
andd human mycelia cell lines 21-38-39 and prevents apoptosis 21-38,4o. 

NASBA.. A NASBA reaction is based on the simultaneous activity of avian 
myeloblastosiss virus (AMV ) reverse transcriptase (RT), RNase H and T7 RNA 
polymerasee with two oligonucleotide primers to produce amplification of the 
desiredd fragment more than 1012 fold in 90 to 120 minutes 23-41. In a NASBA 
reaction,, nucleic acids are a template for the amplification reaction only if they are 
singlee stranded and located in the primer-binding region. Because the NASBA 
reactionn is isothermal (41°C), specific amplification of ssRNA is possible if 
denarurationn of dsDNA is prevented in the sample preparation procedure. It is 
thuss possible to pickup mRNA in a dsDNA background without getting false 
positivee results caused by genomic dsDNA, in contrast with RT-PCR. In figure 1 a 
schematicc presentation of the NASBA amplification is given. NASBA is achieved 
withh the PI (antisense) - P2 (sense) oligonucleotide set. The overhang on PI 
encodess the promoter sequence for the T7 RNA polymerase. By using molecular 
beaconss with the NASBA amplification a real-time detection system can be 
generated.. Molecular beacons are stem-and-loop-structured oligonucleotides with 
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aa fluorescent label at the 5' end and a universal quencher at the 3' end. They are 
highlyy specific for their target and hybridise with their amplified target RNA 
whenn present in a NASBA amplification reaction to form a stable hybrid 42 at a 
relativee low temperature (41 °C). 

Molecular r 
beacon n 

reffVo o Fluorophoree CT V Quencher 

+ + 
P2 2 

PI I 

""  . i 
Amplificationn in detail: Light 

7™\ \ 

sensee RNA V W W 

oligoo PI 

Reverse e 
Transcriptase e 

RNasee H 
primerr P2 

Reverse e 
Transcriptase e 

RNasee H 
oligoo PI 

Reversee Transcriptase 

T77 RNA polymerase 

Reversee Transcriptase 

W W 

primerr P2 

T77 RNA polymerase 

jfcjhjQQ X X ^ anti-sense RNA 
AAAAA A A 

Figuree 1: NASBA amplification reaction with the PI (anti-sense) - P2 (sense) oligonucleotide primer set. The 
overhangg on PI encodes the promoter sequence for the T7 RNA polymerase. A molecular beacon with a fluorophore 
andd a quencher with the NASBA amplification reaction generates a real-time detection system. 

Tablee 1: Primers for PCR fragments in plasmids 

5 'p r imer r 3 'p r imer r PCRR f ragment size 

O RFF 73 agcccaccaggagataataca 

v G CRR gcggatatgactactc tggaaact 

vBcl-22 a tggacgaggacgt t t tgcct 

vIL- 66 ggt tcaagt tgtggtctctctt 

tcat t tcctgtggagagtcccc 595 bp 

gaggct t tggaagagaccgtt 926 bp 

cccaatagcgctgtcattctt 473 bp 

ggagtcacgtc tgggatagagtt 589 bp 
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Tablee 2: Sequences of the primers and beacons for each of the assays 

Primerr PI Anti-sense P r i m er P2 Sense primer Beacon Stem-loop in lowercase 
Pn m err italics 

ORF73 3 

vGCR vGCR 

vBcl-2 2 

vIL-6 6 

U1A A 

AGG AGA CAA TAC ACA GAA AGG ATG GAA 
TATT ACA CAA TAA G GAC GAG ATC CA 
AAA CGA GGT TAC TGC CAG GCG GAA GGT 
CAGG ACC CAC GT AAG GGG GGT GA 
AAA GCG AAA CCA CTG GTG AGA TTT CAC 
GGGG TCC GAT TG AGC ACC ACC GGT A 
AGG AAC ATA AAA CGA GGA AAA TCA GTG 
AGCC AAA GTG TCT CA ATA AAC GTG GA 
AGG AGG CCC GGC ATG CAG TAT GCC AAG 
TGGG TGC ATA A ACC GAC TCA GA 

gcagca cgc AGG AGT AAA GGC AGG 
CCCCCC CGT GTC gc g g tgc 
gcagca cgc TGA TTG TTG CTG TGG 
TGCC TGC T gcg tgc 
gcagca cgc TGA CCT TTG GCA GTT 
TTGG TGG CC gcg tgc 
gcagca cgc GGA AGA GCT CAA TAA 
GCTT GAC TA gcg tgc 
cgtcgt acg AGA AGA GGA AGC CCA 
AGAA GCC A cgt acg 

Thee 3' anti-sense primer is elongated with T7-promotor recognition 
CACC TAT AGG G 

sequence:: AAT TCT AAT ACG ACT 

Standardd RNA. The NASBA quantification method is based on a standard curve 
withh a known input of RNA. For this input we used in vitro RNA that was 
transcribedd from four different plasmids. These plasmids were generated by 
cloningg a specific PCR product for each of the four target genes, using primer sets 
locatedd on the borders of the different genes. Primer sequences are shown in table 
1.. Input for the PCR was the nucleic acids of the BCP-1 cell line (a cell line 
containingg HHV8). The sizes of the four different PCR fragments were 595 bp, 
9266 bp, 473 bp, and 589 bp for ORF 73, vGCR, vBcl-2 and vIL-6, respectively (table 
1).. Each PCR fragment was cloned into the TOPO-TA plasmid (Invitrogen/ 
Lifetechnologies,, Carlsbad, USA), and after all inserts were verified by 
sequencing,, the fragments were cloned in a plasmide, pBluescript SK (Stratagene, 
Laa Jolla, USA). In vitro RNA was generated from these plasmids using T7 or T3 
RNAA polymerase, depending on the orientation of the fragment, and was treated 
withh DNase to remove the plasmid. The Q-RNA was purified by RNeasy (Qiagen, 
Hilden,, Germany), quantified spectrophotometrically, and checked by eye on 
agarosee gel. The resulting in vitro RNA was used for the four different standard 
curves. . 

Real-timee amplification system. NASBA amplification requires a sense and an 
anti-sensee primer, and for real-time detection a unique beacon is added to the 
reaction.. We developed a molecular beacon that could hybridise with the known 
sequencess of the four HHV8 genes, as shown in table 2. Al l the beacons have 6-
fluorescinee (6-FAM) as the fluorescent label at the 5'end and a (4-(dimethylamino) 
phenyl)) azo) benzoic acid (DABCYL) as universal quencher at the 3'end. A 
BLASTT analysis revealed that in each case, neither the primers nor the beacon 
sharedd significant homology with any known nucleotide sequences other than the 
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targett gene. The quality of the different beacons was tested with a melting curve 
(fromm 80 C to 20 C) and acryl amide gel electrophoresis. 

Eachh reaction consisted of 5 ul of the sample RNA and 10 ul of NASBA reaction 
mix.. This mix consisted of 80 mM Tris-HCl [pH 8.5], 24 mM MgC12,140 mM KC1, 
1.00 mM DTT, 2.0 mM of each dNTP, 4.0 mM each of ATP, UTP and CTP, 3.0 mM 
GTP,, and 1.0 mM ITP in 30% DMSO. This solution also contained the anti-sense 
andd sense primers for amplification and the molecular beacons used for detection. 
Thee final concentration for the primes was 0.1 uM and for the beacons 40 nM. 
Thee reaction mixtures were incubated at 65°C for 5 min, and after cooling to 41 °C 
forr 5 min to allow for primer annealing, 5 ul of enzyme mix was added by 
pipettingg into the lids of the microtubes and subsequently spinning down. This 
mixx contained, per reaction, 375 mM sorbitol, 2.1 ug BSA, 0.08 U RNase H, 32 U 
T77 RNA polymerase and 6.4 U AMV reverse transcriptase. Reactions were 
incubatedd at 41 °C for 120 min in a fluorometer (Cytofluor 4000; Perkin-EImer, 
Wellesley,, Mass.). The RNA amplicons generated in the NASBA process are 
detectedd by molecular beacons 29. These beacons generate a fluorescent signal 
duringg amplification when hybridising with their target. The fluorescence is 
measuredd continuously during amplification for real-time monitoring (i.e., as the 
reactionn proceeds). A threshold is determined by setting the fluorescence emitted 
inn the first 5 measure points as a background. The time-point at which a reaction 
risess above this threshold of detection and becomes positive is determined. This 
time-to-positivityy (TTP) principle is similar to real-time PCR 43. A calibration 
curvee with 50,102,103,104, 105,106 and 107 molecules HHV8 mRNA was included 
inn each experiment. The number of mRNA copies per sample input can be 
extrapolatedd from the standard curve. De Baar et al showed that it is possible to 
usee ttp values for quantification without the use of an internal calibrator 44. 

RNAA quantification . For standardisation of the amount of RNA input the U1A 
assayy was used in each experiment. U1A mRNA encodes for one of the proteins 
off  the Ul snRNP 4546. Because U1A is constitutively expressed, the amount of 
U1AA mRNA measured in the samples is an indication of total RNA input. The 
meann of 6 assays (variation 0.6 log) was taken as the input RNA amount of the 
sample,, and sample input RNA was normalised accordingly. The NASBA 
conditionss for the Ul A assay were the same as those for the HHV8 assay, with the 
exceptionn of the final concentration of the primer (0.2 uM) and the beacon (50 
nM). . 
HHV 88 DNA assay. The DNA fractions of the PBMC samples were tested for the 
presencee of HHV8 DNA using a nested PCR for ORF 73 described by Goudsmit et 
al.al. 47. As a quantification of the amount of DNA, input a limited dilution PCR for 
thee cellular CCR5 gene was used. With limited dilution, an estimation of copies 
off  HHV8 DNA was made in relation to the amount of cells. For both the ORF 73 
andd the CCR5 nested PCR, the detection level was 5 molecules input per reaction. 

38 8 



Developmentt of HHV8 real-time NASBA assays 

Patientt  samples. To test our assays in vivo, we selected PBMC samples from two 
participantss of the Amsterdam Cohort Studies. Described elsewhere in detail48-49, 
theyy were both HIV-l-infected men with Kaposi's sarcoma but had very different 
diseasee development. Patient 1 was a 30-year-old man who was demonstrated to 
bee HIV-1-seropositive in 1995. In July 1996 he was diagnosed with KS. He did not 
respondd to anti-retroviral or chemotherapy and died in January of 1997 as a result 
off  severe infiltration of KS in both lungs. Patient 2 is a 36-year-old man who 
visitedd our outpatient clinic in 1992 with an increasing number of KS-related skin 
lesions.. After he started anti-retroviral therapy several lesions disappeared and 
completee remission was gradually reached over the course of two years. These 
twoo patients were chosen in large part for the diversity in their course of Kaposi's 
sarcoma.. We tested three samples for patient 1 and seven samples for patient 2 
collectedd over time, all taken after diagnosis of KS. 

Afterr the frozen PBMC samples were thawed the cells were collected and 
resuspendedd in Trizol™ buffer to isolate RNA and DNA simultaneously, 
accordingg to the manufacturer's recommendations. Precipitated RNA was 
redissolvedd in 50 \i\ H2O. For each time-point, a known amount of cells (7.6-11.1* 
1066 cells) were isolated. With high input of total RNA we found that background 
RNAA can disturb the amplification if present in large amounts and it was 
necessaryy to dilute the samples. To have a broad range in the dilution for the 
RNAA quantification in the NASBA experiments, the samples were diluted 10,100, 
andd 1000 times. Of these diluted samples 5 \i\ was used per reaction, and 10 ul of 
reactionn mix was added. U1A mRNA was used as an external standard to 
comparee quantification signals among the different samples. 

Results s 
Sensitivityy and specificity. These newly developed assays can be used 
quantitativelyy by testing a standard curve of samples with a known amount of 
mRNAA molecules within the same experiment as the unknown samples, then 
extrapolatingg the results to the standard curve. Typical amplification curves could 
bee plotted in which an increase of fluorescence was observed until most of the 
molecularr beacon had hybridised with the synthesised amplicons and the 
fluorescencee reached a maximum level. 

Suchh an amplification of in vitro synthesised ORF 73 RNA is shown in the insert 
inn figure 2a. The time-point at which the fluorescence signal became detectable 
overr the background i.e., time-to-positivity (TTP), was linear over a range of at 
leastt six orders of magnitude of input RNA molecules, as shown by the dilution 
seriess of in vitro synthesised RNA. In figure 2a the relationship between TTP 
valuess of the standard curve for ORF 73 and the log input of in vitro RNA is 
shown.. This relationship extended from 107 to 50 molecules input. 
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Thee dilution series of in vitro RNA showed a detection level of 50 molecules input. 
Forr accurate quantification the required level is 102 molecules input per assay. 
Thee line is calculated with linear regression analysis. Besides the limi t of detection 
(LOD),, the limi t of quantification (LOQ) can be determined. For ORF 73, the LOD 
iss 50 molecules input (84% pos.) while the LOQ is 102 molecules per reaction. The 
linearr quantification of the ORF 73 assay was determined to be 102 to 107 copies 
RNAA per reaction (R 2 = 0.96, p < 0.001, fig. 2a). The sensitivity of all four assays 
wass studied using five serial dilutions. The linear regression analyses for the 
otherr assays are shown in figure 2b-e. The assay for vGCR has a very small 
standardd deviation, and the amplification is linear from 107 to 50 molecules input 
perr reaction (R 2 > 0.99, p < 0.001, fig. 2b). The LOD is 50 molecules (55% pos.) and 
thee LOQ is 102 molecules per reaction. The assays for both vBcl-2 and vIL-6 are 
weakerr but still within a workable range. As above, the linear quantification was 
betweenn 102 to 107 copies RNA per reaction (R 2 = 0.94 and R 2 = 0.95 respectively, 
pp < 0.001, fig. 2c,d). For both assays, the LOD is 50 molecules (72% and 50% pos. 
respectively)) and the LOQ is 102 molecules per reaction. U1A has a linear 
quantificationn range of 103 to 108 molecules (R2 = 0.99, p<0.001, fig 2e). The assay 
forr U1A had a sensitivity of only 103 copies input/reaction, which is feasible due 
too the high expression level of Ul A. 

Thee specificity of the five assays was tested by spiking each reaction with 10 6 

moleculess of in vitro RNA that the primers and beacon were not designed for. For 
example,, ORF 73 in vitro RNA did not give a signal with the vGCR assay (data 
nott shown). 

Robustness.. In replicate independent experiments, the time-to-positivity (TTP) 
valuee had a linear relationship with the logarithm of the amount of in vitro RNA 
addedd in the reaction. Subsequent experiments used serial 10-fold dilutions of in 
vitrovitro RNA (from 107 to 102 and 50 molecules per reaction) as a standard curve to 
determinee the amount of HHV8 RNA in samples. The experiments were done on 
differentt days and by different people with no significant variation in results, 
whichh confirmed the robustness of the assays and also their ease of performance. 
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Figuree 2: Standard curves in vitro RNA 
Figuree 2 a-d. Relationship of time-to-positivity (TCP) to HHV8 mRNA copy number. The number of mRNA 
moleculess present in the reaction is indicated on the x axis and the TTP value in indicated on the y axis. For the data 
obtainedd with 50,102to 107 molecules, the values of TTP are the mean of five replicates of independent experiments. 
Forr the U1A the range of RNA input was 103 to 108. Error bars indicate the standard deviation for the values of TTP. 
Thee solid line was obtained by linear regression analysis of the data from 50 to 107 molecules, and the dotted lines 
indicatee the 95% confidence intervals for the regression. Inserts a-d: Amplification plot of a 10-fold dilution serial 
dilutionn of in vitro RNA for ORF 73, vGCR, vBcl-2 and vIL-6. The amount of input RNA lxlO7, lxl0«, lxlO5, M O 4 , 
1«103,, lxlO7, 50 and 0 molecules. Insert e: Amplification plot of a 10-fold dilution serial dilution of U1A in vitro 
RNA,, the amount of input RNA 1x10», lxlO7, l x lO , lxlQs, lxlO», 1x103 and 0 molecules. 
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Tablee 3: The ratio mRNA of 

1.1 1 
1.2 2 
1.3 3 
2.1 1 
2.2 2 
2.3 3 
2.4 4 
2.5 5 
2.6 6 
2.7 7 

ORF73 3 

6,33 xlO5 

92 2 
2,2><102 2 

2,9*102 2 

2,7*102 2 

5,0xl02 2 

3,0*102 2 

2,66 xlO2 

41 1 

--

(HHV8/U1A)* * 

vGCR R 

3,1 1 
71 1 
9,2 2 

--
--

2,66 xlO5 

8,5x10s s 

--
--
--

10". . 

vBcl-2 2 

3,1 1 
71 1 

3,33 xlO3 

3,9x1c4 4 

2,7*102 2 

3,2><103 3 

5,7xl05 5 

4,0xl02 2 

4,1*103 3 

--

vIL-6 6 

62 2 
--

1,8x102 2 

--
2,2xl02 2 

25 5 
3,0xl03 3 

--
2,6x10» » 

--

HHV88 DNA copies per 
lO11

 c ei i s 

20 0 
20 0 
200 0 
20 0 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 

Negativee samples are shown as -. Samples from patient 1 are numbered 1.1 -1.3; samples from patient 
2:: 2.1-2.7. 

Patientt  samples. To address the functionality and quality of the HHV8 assays in 
vivo,vivo, they were tested on PBMC samples collected after KS diagnosis from two 
participantss in the Amsterdam Cohort Studies. In total, 10 frozen samples were 
analysed.. As a positive control, all samples were tested for the presence of HHV8 
DNAA with a nested PCR and were found to be positive (see Materials and 
Methods).. The copies of HHV8 DNA varied between 2 and 2 102 per 103 cells 
(tablee 3). A relation has been shown between the HHV8 DNA levels in PBMC and 
thee extent of Kaposi's sarcoma 50. A possible correlation between DNA levels and 
mRNAA expression should be investigated. 
Thee results of the HHV8 assays are shown in table 3. Of the 10 samples, 9 were 
positivee for ORF 73, whereas only half were positive for vGCR. While vBcl-2 was 
measuredd in 9 out of 10 samples, vIL-6 was detected in approximately half of the 
samples.. All the samples that were positive for ORF 73 were also positive for 
vBcl-2.. Surprisingly the samples were positive for a latent and a lytic gene at the 
samee time. The variation in expression levels is large both among the different 
assayss and among the samples. No clear trend in the expression of HHV8-specific 
mRNAA can be distinguished, based on HHV8 DNA levels, patient, or disease 
status. . 

Discussion n 

Inn general the NASBA assay has several advantages over the PCR technique 51. 
Thee amplification procedure of the NASBA assay is entirely isothermal and is 
conductedd at 41 °C; it does not require thermal cycling instrumentation. The 
NASBAA product is single-stranded and can therefore be readily detected by 
hybridisationn analysis. 
Ourr four real-time NASBA assays offer these benefits and also the five features 
thatt define validation of any assay: accuracy, sensitivity, precision, robustness, 
andd specificity. With the use of standard curves in each experiment, accuracy is 
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achieved.. The sensitivity is determined with a linear standard curve. The limi t of 
detectionn (LOD) and the limi t of quantification (LOQ) are determined. For all the 
HHV88 assays, the LOD is 50 molecules per reaction and LOQ was 100 molecules 
perr reaction. To achieve linear amplification requires at least 5 concentrations on 
thee linear portion of the curve. For the HHV8 assays, the linear range spans 7 
concentrationss and for U1A it spans 6 concentrations. Quantification was 
achievedd within this linear range of at least six orders of magnitude (10 2 to 10 7 

moleculess per reaction). Within this linear range quantification of at least six 
orderss of magnitude (10 2 to 10 7 molecules per reaction) was achieved. 

Thee precision of the assays was measured as the standard deviation and the 
confidencee interval (fig. 2). We used 5 replicates of 7 different concentrations of 
thee standard curve. Robustness was determined by having different people 
performm the experiments on different days. Specificity was shown with spiking 
experiments.. The lower detection level of the assays was approximately 50 copies 
perr reaction. The assays work equally well in vivo as in vitro e.g., for quantification 
off  HHV8 RNA in PBMCs. 
Thee onset of KS is associated with a high HHV8 load in PBMC 19 and this 
indicatess that HHV8 infected circulating cells play an important role in KS 
developmentt 20,52,53 HHV8 can infect circulating B cells, 
monocytes/macrophages,, T cells and KS-like spindle cell progenitors 5i-56. In KS 
lesionss B cells are rare or absent, but monocytes macrophages are abundantly 
presentt 52, this suggest that circulating monocytes may recruit the virus into 
tissuess or transmit the virus to other cells. Since lymphocytes and monocytes 
infiltratingg KS lesions can be productively infected by HHV8 2a22, it is important 
too look at active infection in the PBMC. PBMCs of two AIDS-KS patients were 
selectedd and analysed for the presence of HHV8 mRNA. 
Inn 90% of our samples, ORF 73 mRNA and vBcl-2 mRNA were detected, whereas 
forr vIL-6 mRNA and vGCR mRNA were present in 60% and 50%, respectively. 
Thee expression levels of all four genes varied widely. Comparing the different 
expressionn levels of the four FïrTV8 genes within one sample or comparing 
expressionn levels of one gene in one patient did not show an apparent tendency. 
Noo clear trend can be distinguished based on the HHV8 DNA levels, patient or 
diseasee status. Nevertheless the finding of expression of different HHV8 specific 
geness in PBMCs is notable in itself, as it has not been described before. HHV8 
RNAA has been found in tissues, endothelial cells and spindle cells 18<57-58. In 90% 
off  fresh KS-affected tissues, HHV8 RNA has been detected with RT-PCR 59. In situ 
hybridisationn and LANA immunohistochemistry have confirmed HHV8 gene 
expressionn in KS spindle cells within KS lesions is,58,6o-62 Expression of lytic HHV8 
geness has also been documented in monocytes and macrophages in KS lesions 20. 
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Conclusion n 

Thee assays that were developed work well for the detection and quantification of 
HHV 88 specific mRNA. Although no clear trend in the expression pattern could be 
distinguishedd the finding of expression of different HHV8 specific genes in 
PBMCss is important in itself. As this suggests that HHV8 replication takes place 
inn the PBMC. The PBMCs we used were obtained from two patients. To draw 
conclusionss about the clinical and prognostic utilit y of these assays more patients 
andd patient samples need to be analysed. However, as the assays are able to 
quantifyy HHV8 mRNA in PBMC samples we feel that these real-time NASBA 
assayss with beacon detection provide tools for further study of HHV8 expression 
inn patient material. 
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HHV88 RNA expression in Kaposi's sarcoma and PBMCs 

Abstract t 
Humann herpes virus-8 (HHV8) is associated with all clinical forms of Kaposi's 
sarcoma.. HHV8 DNA is present in Kaposi's sarcoma biopsies, and observed 
regularlyy in saliva and less consistently in blood of Kaposi's sarcoma patients. 
Thee expression pattern of latent (ORF 73) and lytic (vGCR, vBcl-2 and vIL-6) 
HHV88 mRNA was studied in peripheral blood mononuclear cell (PBMC) samples 
andd Kaposi's sarcoma skin biopsies of 11 AIDS Kaposi's sarcoma patients with 
fourr different nucleic acid sequence-based amplification (NASBA) assays. 
Patientss were divided into groups according to the clinical stage of the Kaposi's 
sarcomaa (Stage I-IV) . Al l biopsies were positive for two or more of the mRNA 
measured.. No clear difference could be seen in the expression pattern in the 
lesionss of the different clinical stages. In the corresponding PBMC samples there 
wass very littl e or no mRNA was measured in the patients with Kaposi's sarcoma 
stagee I or II , whereas patients with more advanced Kaposi's sarcoma (stage III or 
IV)) had more detectable mRNA in the PBMCs. Thus, the HHV8 DNA load in the 
PBMCss increases in more advanced Kaposi's sarcoma as does the frequency of 
mRNAA detection in the PBMCs. 

Introductio n n 

Infectionn with HHV8 (human herpes virus 8), or Kaposi's sarcoma associated 
herpess virus (KSHV) as it is also known, is associated with several malignancies 
off  both endothelial and lymphoid cells in humans: Acquired immunodeficiency 
syndromee (AIDS) Kaposi's sarcoma and non-AIDS related Kaposi's sarcoma, 
primaryy effusion lymphoma (PEL) and multicentric Castleman's disease 12. 
Specificc HHV8 DNA sequences are found in >95% of Kaposi's sarcoma lesions, 
fromm both HIV positive and negative persons, in about 50% of peripheral blood 
mononuclearr cells (PBMCs) from AIDS patients with Kaposi's sarcoma and in 0-
10%% of PBMCs in HIV patients without Kaposi's sarcoma 3. Detection of HHV8 
DNAA in PBMCs from HIV-1 infected persons is associated with an increased risk 
off  subsequent development of Kaposi's sarcoma 3. The HHV8 DNA load in 
PBMCss and lesions from Kaposi's sarcoma patients is associated with the extent 
off  Kaposi's sarcoma 4. The virus has been detected in the episomal form, 
characteristicc of latent herpes virus, in both PBMCs and Kaposi's sarcoma lesions 
5.. The linear form, suggestive of viral replication, has been detected only in 
PBMCss of Kaposi's sarcoma patients 5. However, others have detected mRNA 
expressionn of two replicative genes, open reading frame 25 and 26 (ORF 25 and 
26),, using reverse transcription polymerase chain reaction (RT-PCR), in Kaposi's 
sarcomaa lesions 6, suggesting that viral replication also takes place in the lesions. 
HHV8-activityy can be measured by analysing mRNA expression upon which a 
greatt deal of research has been done. Using PEL-derived cell lines, stimulated 
withh phorbolesters or butyrate, the expression pattern of HHV8 7 has been 
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studied.. Only a small amount of cells present in cell-lines are in the lytic phase 
andd produce virus particles. A major drawback to the study viral gene expression 
inn tissue culture cell lines is that the expression patterns may not reflect the viral 
genee expression in infected tissues in situ8. 
Fourr nucleic acid sequence-based amplification (NASBA) assays for the detection 
off  HHV8 mRNAs have been developed 9 and with these assays it is possible to 
investigatee HHV8 mRNA expression. NASBA is a single-step isothermal RNA-
specificc amplification process 10, that amplifies mRNA in a dsDNA background. 
Combinedd with a molecular beacon, that anneals during amplification to the 
targett sequence, a real-time detection system is generated n. The first assay was 
developedd for ORF 73, or LANA . A second assay was developed for a 
constitutivelyy active gene, vGCR. The final two assays were developed to 
monitorr expression of vBcl-2 and vIL-6, both early lytic genes. The genes are 
reviewedd in reference 12. The expression of these different genes of HHV8 in 
Kaposi'ss sarcoma lesions has been described; LANA is expressed in most 
Kaposi'ss sarcoma tumor cells 8, vGCR and vBcl-2 expression was found in 
Kaposi'ss sarcoma lesions 1314, while vIL-6 expression was only occasionally 
detectedd in late stage Kaposi's sarcoma lesions 14. With these four quantitative 
NASBAA assays the mRNA expression patterns in Kaposi's sarcoma skin biopsies 
andd PBMC samples of 11 AIDS related Kaposi's sarcoma patients were examined. 

Material ss and Methods 

Ninee HIV-1 infected homosexual men with Kaposi's sarcoma were selected; of 
eachh patient, one PBMC sample and one Kaposi's sarcoma skin biopsy was 
obtained.. The PBMC sample was taken at or around the time the skin biopsy was 
taken,, with the exception of patient 0344 and patient 0327. The biopsies were 
takenn at autopsy and the PBMC s samples were taken eight and three weeks prior 
too death respectively. Included in this study were two PBMC samples of two 
patientss each that were analysed and described previously 9. Diagnosis of 
Kaposi'ss sarcoma for all patients was histologically confirmed (data not shown). 
Thee patients were divided in groups according to the clinical stage of Kaposi's 
sarcomaa after review of their medical records. The stage was determined based 
onn clinical data by the following criteria 15: stage I, locally indolent cutaneous 
lesion;; stage II , locally aggressive cutaneous lesion with or without regional 
lymphh node involvement; stage III , multiple (muco)cutaneous lesions or 
generalizedd Iymphnode involvement; and stage IV, visceral KS. Patients 1 and 2 
receivedd antiretroviral therapy; only patient 2 and 0208 recovered from Kaposi's 
sarcoma. . 

Thee frozen skin biopsies were cut in  14 |im slides using a microtome; the frozen 
slidess were immediately put in Trizol™ buffer (GibcoBRL, Lif e technologies). The 
frozenn PBMC samples were thawed; the cells were collected and resuspended in 
Trizoll  buffer. For simultaneous isolation of both mRNA and DNA the Trizol 
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methodd was used. The isolations were carried out according to the 
manufacturer'ss recommendations. Precipitated mRNA was redissolved in 50 nl 
H2O.. The A260/280 was measured using a photospectrometer and the total 
mRNAA concentration was calculated. The input in the NASBA assay was 4.5-90 
ngg of total mRNA. 

Followingg the NASBA protocol described by Polstra et al.9, the amount of HHV8 
mRNAA present in the total RNA, isolated from PBMCs or Kaposi's sarcoma 
biopsies,, was determined with the assays, specific for the different target genes. 
Thee reaction was monitored every 45 sec in a 96-well thermostated fluorimeter. A 
calibrationn curve with different concentration of target HHV8 mRNA was 
includedd in each experiment. The time-to-positivity (TTP) principle is applicable 
forr real-time NASBA, similar to real-time PCR. By using a standard curve with 
eachh experiment, the amount of HHV8 mRNA in an unknown sample can be 
calculatedd by extrapolating the TTP of this unknown sample from the standard 
curvee with known concentrations. As a positive control for the NASBA reaction 
thee U1A NASBA was used. This assay is used as a control for the input of RNA in 
thee assay and was therefore included in each experiment. During each run the 
U1AA mRNA amount and the level of one of the HHV8 mRNA were measured. 
Forr standardisation of the quantity of RNA input the A260 value was used (data 
nott shown). The average amount of total RNA input was 32.3 ng for the PBMC 
sampless and 26.5 ng for the Kaposi's sarcoma skin tissue. 
Thee DNA fractions of the PBMC samples were tested for the presence of HHV8 
DNA,, using a nested PCR for ORF 73, described by Goudsmit et al. 16. With 
limitedd dilution PCR, for ORF 73 and CCR5, the copies of HHV8 DNA per cell 
weree estimated. For both the ORF 73 and the CCR5 nested PCR the detection level 
wass 5 molecules input per reaction. 

Results s 

Thee results of the NASBA assays are shown in Table I. In short, all nine Kaposi's 
sarcomaa skin biopsies had detectable expression of ORF 73. Expression of vGCR 
andd vIL-6 was measured in six and seven samples respectively. In five biopsies 
expressionn of vBcl-2 was measured. The mRNA levels in PBMCs were lower and 
repeatedlyy below detection level. Of the 13 PBMC samples tested six had 
detectablee ORF 73 mRNA. vGCR and vIL-6 mRNA was measured in four PBMC 
samples;; in three of the PBMC samples vBcl-2 expression was measured. 
Al ll  the Kaposi's sarcoma biopsies were positive for HHV8 DNA. Of the seven 
PBMCC samples from patients with stage I and II , four were positive for HHV8 
DNA,, with a median load of 6 copies per 103 PBMCs (range, 0.2-20 cps/103 

PBMCs).. Al l six PBMC samples from the patients with stage III and IV had 
detectablee HrTV8 DNA with a median load of 407 copies per 103 PBMCs (range, 2-
20000 cps/103 PBMCs). Overall 10 out of 13 PBMC samples were found positive 
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forr HHV8 DNA. This confirms the idea that the extent of Kaposi's sarcoma 
diseasee is associated with the levels of viral DNA in PBMCs. 

Tablee I: results cps mRNA/ng total RNA. 

Patientt Stage HHV8 Kaposi's sarcoma skin biopsy < PBMCs c 

no.. KS- DNA^ O R F 

ORF733 vGCR vBcl-2 vIL- 6 73 vGCR vBcl-2 vIL- 6 

++ - 3.7x10» 
2.2<* * 

2.1J J 

0465 5 

0461 1 

0344 4 

0208 8 

0464 4 

0466 6 

0327 7 

0462 2 

0463 3 

1.1*' ' 

1.2" " 

1 1 

II I 

11 1 

II I 

II I 

II I 

II I 

II I I 

IV V 

IV V 

IV V 

IV V 

IV V 

2 2 

20 0 

2 2 

0.2 2 

--
--
--

200 0 

2000 0 

20 0 

2 2 

20 0 

200 0 

N D D 

N D D 

0.2x10° ° 

5.6x101 1 

9.1x101 1 

2.5x101 1 
+ + 

2.6x100 0 

5 .4x l0i i 

2.0x100 0 
2.8x100 0 

N D D 

N D D 

N D D 

N D D 

0.4x100 0 
1.2x104 4 

+ + 

--
1.0x10* * 

--
+ + 

--
2.8x10' ' 

N D D 

N D D 

N D D 

N D D 

--
2.2x103 3 

+ + 

--
--
--
+ + 

+ + 

+ + 

N D D 

N D D 

N D D 

N D D 
+ + 

+ + 

+ + 

+ + 

--
3.6*1( ( 

+ + 

--
+ + 

N D D 

N D D 

2.1x101 1 

4.8x101 1 

3.2x10' ' 
1.0x10° ° 

HHV8,, human herpesvirus-8; PBMCs, peripheral blood mononuclear cells; ORF, open reading frame; ND, not done. 
Al ll  patients were HHV8 DNA positive in Kaposi's sarcoma skin biopsies. 
aa Staging classification of Kaposi's sarcoma according to the criteria of Krigel et al.15 

bHHV88 DNA : copies /lO-1 PBMCs 
cc mRNA: copies mRNA/ng total RNA 
dd Two samples from patient 2 taken at start of therapy (sample 2.1) and one after 64 weeks (sample 2.2). 
cc Two samples from patient 1 taken 20 weeks (sample 1.1) and 1 week (sample 1.2) prior to death . 
+,, Positive but below quantification level; -, negative. 

Discussion n 

Thee Kaposi's sarcoma skin biopsies are positive for multiple HHV8 mRNAs. This 
indicatess both latent and lytic activity and corresponds with previous findings in 
whichh both latent and lytic expression has been found in Kaposi's sarcoma lesions 
814.. However in contrast to previous publications where only late stage Kaposi's 
sarcomaa was found positive for vIL-6 RNA  14, this study show mRNA expression 
inn stage II, II I and IV. This difference may be explained by the difference in 
sensitivityy of the detection methods used or the variation in staging of Kaposi's 
sarcoma,, clinical stage as opposed to classification of individual lesion as patch or 
nodular.. No clear difference could be seen in the expression pattern in the lesions 
betweenn the different stages. 
Thee expression of mRNA in PBMC samples was much lower and mostly below 
quantificationn levels for all four assays. But some PBMC samples were positive 
forr multiple mRNA. This is in agreement with the finding of the linear form of 
HHV8,, suggestive of viral replication, in PBMCs 5. 
Twoo PBMC samples were tested from patient 2: one at start of antiretroviral 
therapyy (sample 2.1) and one after sixty-four weeks of therapy (sample 2.2). At 
thee start of therapy the Kaposi's sarcoma was classified as stage II and ORF 73 
andd vBcl-2 mRNA were measured in the PBMCs. However, as the patient 
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respondedd to therapy, the HHV8 mRNA levels became undetectable, and the 
HHV88 DNA load decreased. 
Fivee patients with stage II PBMCs and skin biopsies were tested. Expression of all 
fourr HHV8 mRNAs were measured in the Kaposi's sarcoma biopsies. In the 
correspondingg PBMC samples, there was very littl e expression. Only patient 0465 
hadd detectable vGCR mRNA, and patient 0344 was positive for ORF 73 mRNA in 
thee PBMCs. Both mRNA levels were below quantification. The low HHV8 DNA 
loadd in the blood may explain these results. The PBMC sample of patient 0344 
wass negative for HHV8 DNA while positive for mRNA. The mRNA level was 
justt detectable and below quantification level. It seems likely that the reason for 
thiss apparent conflicting result is the limi t of detection. The DNA load is below 
detectionn level. 
Thee Kaposi's sarcoma biopsies from the patients with stage III and IV were 
positivee for all four mRNAs measured with varying patterns of expression. The 
PBMCC samples from this group had a higher level of mRNA expression in 
comparisonn to the group with stage I and II . Only patient 0463 was negative for 
alll  HHV8 mRNA in the PBMCs but the DNA load was very low, which could 
correspondd to very low or undetectable mRNA levels. Two PBMC samples were 
testedd from patient 1; the samples were taken at 20 weeks (sample 1.1) and 1 week 
(samplee 1.2) before death. Both were positive for all four mRNAs tested. High 
levelss of HHV8 DNA in the PBMCs in late stage Kaposi's sarcoma are consistent 
withh the finding that the frequency of detection of HHV8 DNA increases with the 
severityy of Kaposi's sarcoma 4. Patients with more advanced disease have higher 
levelss of viral DNA in the PBMCs, and more viral mRNA is detected. In the 
PBMCC samples for the patients with stage I & II 4 out of 28 measurements were 
positive,, in the PBMCs from the patients with stage III & IV 13 of the 24 
measurementss were positive. The mRNA levels follow the HHV8 DNA levels in 
thee PBMCs: high expression in the HHV8 DNA positive samples, and low or no 
expressionn in the HHV8 DNA negative samples. In the early stage of Kaposi's 
sarcomaa the DNA load in the PBMC is low, and there is very littl e mRNA 
expression.. As the disease progresses, the DNA load rises and more mRNA is 
measuredd in the PBMCs. The high HHV8 DNA load in the PBMCs correlates 
withh higher and multiple HHV8 mRNA detection. However, only a small group 
off  patients were tested, so that the difference in expression patterns could be 
individuall  differences. To draw firmer conclusions require analysis of a larger 
groupp of patients with different stages of Kaposi's sarcoma. Still, the results show 
activee mRNA expression in the lesions at different stages of Kaposi's sarcoma, 
andd a much more diverse expression pattern in the PBMCs, with the most mRNA 
measuredd in patients with stage IV Kaposi's sarcoma. 
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HHV88 load in matched serum and plasma samples 

Abstract t 

Humann herpesvirus 8 (HHV8) (or Kaposi's sarcoma (KS)-associated herpesvirus) 
iss associated with all forms of KS. HHV8 DNA load in peripheral blood 
mononuclearr cells (PBMCs) of KS patients has been shown to correlate with the 
clinicall  stage of the disease. Studies have been done to assess HHV8 viral load in 
differentt sample types of KS patients, and its clinical relevance. This paper 
describess the design and evaluation of a quantitative real-time (TaqMan) PCR 
assayy for routine diagnosis of HHV8 infection. The linear dynamic range was 5 to 
5*1066 copies of HHV8 DNA (r2>0.99). The assay is very sensitive, specific, and 
easilyy reproducible (less than 2% variability) and can be used for different clinical 
samples,, such as serum, plasma, and PBMCs. The question of which clinical 
sample,, serum or plasma, is preferable for HHV8 DNA testing was addressed, 
usingg this newly developed real-time PCR assay. From 85 patients with 
diagnosedd AIDS-KS, matched plasma and serum samples were collected. Of the 
855 patients tested, 35 were positive for HHV8 DNA in both plasma and serum 
(41%),, 8 were positive in serum but not plasma, and 7 had detectable HHV8 DNA 
onlyy in plasma. The HHV8 load was similar in both plasma and serum, and no 
significantt difference was found. However, more inhibition was seen in the 
plasmaa samples with the use of a system quality control, seal herpesvirus type 1. 
Therefore,, our results suggest that serum is the preferred material for HHV8 load 
testing,, since is less possible hindrance in the amplification than with plasma. 

Introductio n n 

Humann herpesvirus 8 (HHV8) (or Kaposi's sarcoma (KS) -associated herpesvirus) 
iss associated with all forms of KS a. Detection of herpesvirus DNA in leukocytes 
couldd possibly represent latent infection, while detectable DNA in serum or 
plasmaa is usually associated with disease. This is seen for the herpesviruses 
Epstein-Barrr virus (EBV), cytomegalovirus (CMV) and HHV8 2~A. Accordingly, 
detectionn of HHV8 in peripheral blood mononuclear cells (PBMCs) may reflect 
latentt infection while detection of HHV8 in serum or plasma, non-cell associated 
HHV8,, reflects active lytic replication. The finding that some PBMC samples of 
KSS patients also contain HHV8 RNAs that encode viral structural proteins 
providess evidence that viral gene expression and replication can occur in KS 
leukocytess 56. The finding that plasma viremia (HHV8) is an important event in 
KSS pathogenesis 7 concurs with that. As a result HHV8 DNA load in plasma or 
serumm may have predictive value for disease development and progression. 
However,, the DNA load measured is not necessarily the same in both types of 
sample.. Boom et al. found that the CMV load in serum was often significantly 
lowerr (10-fold or more) than those observed in the corresponding plasma samples 
8,, however others found similar load in both serum and plasma for CMV  9. 
Similarr varicellazoster virus (VZV) DNA loads were found in serum and plasma 
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sampless of six patients by de Jong et al.10. For EBV, a member of the gamma 
herpesvirusess like HHV8, similar loads were found in matched plasma and 
serumm samples by Fan et al.11. 
Thee aim of this study was to design and establish a quantitative real-time 
(TaqMan)) PCR assay for routine diagnosis of HHV8 infection and to establish 
whichh clinical sample, serum or plasma, is preferable for HHV8 DNA testing. 
Fromm 85 patients with diagnosed AIDS-KS plasma and serum samples were 
collectedd at the same visit and subsequently tested. 

Material ss and Methods 

Patients:Patients: Patient specimens were collected from human immunodeficiency virus 
typee 1-infected homosexual men with histologically confirmed KS when serum 
andd plasma were available from the same date. In total, 170 matched samples 
weree selected from 85 patients. Al l the samples were taken after diagnosis of KS. 
Aliquotss (150 |_il) of plasma or serum were isolated by guanidinium thiocyanate 
lysis,, binding to silica particles, and washing and elution, with a final elution 
volumee of 50 |il. Nucleic acids present in plasma and sera are equally isolated 
wit hh this method 12. 
TaqMan:TaqMan: The amount of HHV8 DNA present in the matched plasma and serum 
sampless was determined by real-time quantitative PCR of open reading frame 65 
(ORFF 65). The primers were designed upstream from a known single-base-pair 
deletionn or substitution site in ORF 65 that is found in multiple myeloma patients 
butt not in KS patients 13. Apart from this site, the region is well conserved in all 
sequencedd HHV8 subtypes circulating in different parts of the world. The 
principlee of real-time PCR has been described elsewhere 14. In short, during each 
PCRR cycle, a fluorogenic oligonucleotide probe is activated by 5' to 3' exonuclease 
activityy of Taq polymerase after binding to a specific PCR product. The amount of 
fluorescencee that occurs as a result is monitored (TaqMan PCR). The number of 
PCRR cycles required to reach the threshold fluorescence (Ct) is determined for 
eachh sample, and the measured Ct value is compared to the values of standards 
wit hh known DNA template concentrations to determine the starting template 
concentrationn in the sample. Because the Ct is determined during the exponential 
phasee of PCR, the value of Ct has a linear relationship to the logarithm of the 
templatee DNA concentration. The primers were designed with Primer Express 
Softwaree (PE Biosystems) and amplify a 68-bp region of the ORF 65 gene of 
HHV8.. The primer sequences were 5'-CCTCTGGTCCCCATTCATTG-3' and 5'-
CGTTTCCGTCGTGGATGAG-3'.. The sequence of the fluoregenic probe was 5'-
(FAM)) CCGGCGTCAGACATTCTCACAACC (TAMRA)-3'. A BLAST search 
indicatedd that neither the primers nor the probe shares significant homology with 
otherr nucleotide sequences. PCR reaction was done using Platinum Quantitative 
PCRR Supermix UDG (Invitrogen/Life technologies, Carlsbad, Calif.). Each PCR 
containedd 10 |il of sample and 40 nl of PCR mixture consisting of Platinum 
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Quantitativee PCR Supermix UDG, 3.6 mM MgCb, 0.9 uM forward and reverse 
primer,, 0.2 \iM TaqMan probe and 1 ul ROX reference Dye (50xconcentrated) 
(Invitrogen/Lifee technologies). Following the activation of UDG (2 min, 50°C) 
andd activation of Platinum Taq DNA polymerase (10 min, 95 °C), 45 cycles (15 s, 
955 °C and 1 min, 60 °C) were performed on an ABI 7700 sequence detection 
systemm (Perkin-Elmer Applied Biosystems). As a control for cross contamination, 
sampless consisting of distilled water were also subjected to the isolation method, 
andd the extracts were tested for both the ORF 65 and the quality control. The 
thresholdd cycle (Ct) for all these "no-template" samples was >45 cycles. The Ct for 
eachh sample of the standard curve was plotted against the input copy number. 
Thee value of Ct was determined by the first cycle number at which fluorescence 
wass greater than the set threshold value. For accurate comparison of the samples, 
thee threshold was the same for all the experiments. Linear regression was used to 
determinee the copy number of the experimental samples. The HHV8 copy 
numberr measured was converted to copies per millilite r sample. The cutoff Ct 
valuee of < 40 cycles was used to define a sample as positive. 
Standardisation.Standardisation. An electron microscopy counted standard is not available for 
HHV8,, and therefore, a plasmid was used for standardisation of the assay. A 
plasmidd containing part of ORF 65 of HHV8 15 was used, and the concentration 
wass determined by UV spectroscopy. Serial dilutions of this plasmid ranging 
fromm 5 to 5*106 copies were used to characterise the linearity, precision, 
specificityy and sensitivity of the TaqMan assay. Besides, serial dilution series with 
twoo primary effusion lymphoma (PEL) cell lines, BCBL-1 and BCP-1, were 
includedd in order to study the linear relationship between the value of the Ct for 
thee standards and the HHV8 DNA copy number. 
QualityQuality control. PhHV, a type 1 seal herpesvirus, was added to the clinical samples 
bothh as a control for the isolation method and as a control for the presence of PCR 
inhibitorss 16. PhHV was chosen as a universal and nonhuman viral control 
because,, like HHV8, it is a member of the herpesvirus family but it is highly 
unlikelyy that patients wil l be infected with PhHV, making it suitable as a quality 
controll  for the isolation and amplification. PhHV was added to the clinical 
samplee before the isolation to the equivalent of a Ct value of approximately 25 in 
thee real-time detection system used. The samples were subsequently tested for 
bothh HHV8 and PhHV. Al l the samples were tested in duplicate. 

Results s 

Real-timeReal-time assay: The Ct, the amplification cycle at which the fluorescence signal 
becamee detectable over the background, was linear over a range of at least 6 
orderss of magnitude of input DNA molecules, as shown by the dilution series of 
plasmidd DNA in Fig 1. Statistical analysis of 20 standard curves showed that the 
amplificationn is linear over a range of 5 to 5><106 molecules input with a detection 
limi tt of five molecules input (r2 > 0.99, P < 0.001). The detection rate was 100% 
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whenn the copy number was > 50 copies per well and 66 % for 5 copies per well. 
Thee 95 % confidence interval is very small, showing the robustness and precision 
off  the assay. The ability of the assay to detect and quantify HHV8 DNA in human 
cells,, e.g. PBMCs, was first assessed with dilution series of the cell lines BCBL-1 
andd BCP-1 (range, 1 to lxlO4 cells). In the background of human DNA, a linear 
amplificationn of the integrated HHV8 was seen (data not shown). The estimated 
HHV 88 copy number per cell was 36 for BCBL-1 and 39 for BCP-1, which is in 
agreementt with the literature 1718. Dilution series of PBMCs infected with HHV8 
didd not show any inhibition in the amplification when using up to 1.5*105 PBMCs 
(~11 ng DNA) as the maximum input (data not shown). 
AA quantification method based on serial dilutions of a standard plasmid in water 
mayy not represent the DNA extracted from clinical samples and can lead to an 
overr estimation of the sensitivity of the assay. To address this question, the 
plasmidd was diluted in human DNA. The Ct values were not altered, and fall 
withinn the standard deviation of the assay (data not shown). 

ORFF 65 standard curve 

0 0 

4 0 --
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Figur ee 1: Standard curve for TaqMan PCR. Serial dilution of the HHV8 plasmid ranging from 5 -5xlO copies input. 
Thee error bars show the standard deviation of the Ct values. The solid line was obtained by linear regression analysis 
(r22 > 0.99; P<0.001). The dotted line represents the 95% confidence interval for the regression. 

QualityQuality control. A universal control was added to each clinical sample before the 
isolationn step. This consisted of a seal herpesvirus (PhHV-1) that was added at a 
loww concentration to each sample. This quality control was isolated and amplified 
inn each sample, and this provided a measurement for the precision and 
reproducibilityy of the assay (mean Ct value, 25; coefficient of variation, 2.2 % 
[dataa not shown]). If the Ct value for PhHV exceeded 26.5 (mean + 1.5 standard 
deviation),, it was assumed that there was inhibition or that loss of sample had 
occurred.. The results were considered invalid and the sample was tested again. 
Off  the 170 samples, 4 serum samples and 12 plasma samples had to be retested. 
PatientPatient samples: Of the 85 patients tested, 35 (41%) were positive for HHV8 DNA 
bothh in serum and in plasma. In 7 (8%) patients, HHV8 DNA was found in 
plasmaa but not in serum, and 8 (9%) patients were positive for HHV8 DNA in 
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serumm but not plasma. Thirty-five patients had no detectable HHV8 DNA in 
eitherr plasma or serum. The results are shown in Table 1. 
Quantitationn of HHV8 DNA in the clinical samples showed highly similar viral 
DNAA loads. There was no significant difference in HHV8 DNA load measured in 
thee matched plasma and serum samples (Fig 2). The difference in clinical sample 
wass noticeable, however, when looking at the PhHV assay. There was more 
interferencee in the plasma samples than in the serum samples. Twelve plasma 
sampless (14%) had to be repeated because of the high Ct value of the control, 
comparedd to four serum samples (5%). Inhibiting elements are more often 
coisolatedd with the plasma samples than with serum. The mean Ct value for the 
PhHVV assay for the serum and plasma samples was 24.97 and 25.13, respectively. 
Thee difference was not significant (P=0.618). The quality control also provided 
evidencee that negative results were real negatives and not caused by inhibition. 

Tablee 1: HHV8 DNA load (log/ml) for matched plasma and serum samples of 85 AIDS-KS patients. 

Samp lee N o ' . ( % ) °f P3^ !  H H V 8 D N A l o a d ('eg/1™1) 

type e 

Either r 

Serum m 

Plasma a 

Both h 

Serum m 

Plasma a 

positivee ror n 

DNA A 

433 (51) 

422 (49) 

35(41) ) 

35(41) ) 

n vo o 
Minimum m 

1.95 5 

2.12 2 

1.95 5 

2.18 8 

Median n 

2.89 9 

2.70 0 

2.98 8 

2.75 5 

Maximum m 

4.37 7 

4.43 3 

4.37 7 

4.43 3 

Mean n 

2.90 0 

2.86 6 

3.00 0 

2.95 5 

Slope:: 1.19 
r2=0.97 7 

1000 0 

Serumm (copies/ml) 

Figuree 2: HHV8 DNA load in paired plasma and serum samples from eighty-five AIDS-KS patients. The slope and 
correlationn coefficient were obtained using linear regression analysis. 
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Discussion n 

Thee TaqMan assay developed for the quantification of HHV8 DNA is sensitive, 
accurate,, and robust, and it can be used with serum, plasma, and PBMCs. The 
prevalencee of HHV8 DNA in plasma or serum of persons with AIDS-KS in 
Europee or the United States ranges from 7 to 46% 1922. In our study, of the 85 
patientss tested, 35 were positive for HHV8 DNA in both plasma and serum (41%). 
Lookingg at only plasma or serum the number of positive patients rises to 43 (51%) 
forr serum samples and 42 (49%) for the plasma samples. The HHV8 load was 
similarr in both plasma and serum and no significant difference was found. 
However,, there was more inhibition in the plasma samples. Plasma contains 
moree PCR-inhibiting factors that are not always completely removed during 
isolation.. Inhibition is detected by the addition of a quality control (PhHV). 
Althoughh the isolation method used in this study is shown to remove inhibitory 
factorss efficiently 23, our results show that there is still inhibition in some of the 
samples. . 
Thee fact that there is no difference found between the different clinical sample 
typess is in agreement with the studies done on other herpesviruses 9 n. It is 
importantt to take into account that the amplicon measured with the assay is 
small;; this is inherent in the design of the TaqMan system. As is stated by Boom et 
al.8,, there is a difference in the load in serum and plasma if the amplicon used is 
large,, probably due to fragmentation of the viral DNA. It can be hypothesized 
thatt the HHV8 DNA load does not necessarily represent complete viral genomes 
butt rather represents HHV8 DNA fragments due to cell lysis or incomplete viral 
production. . 
Inn summary, this paper describes the development and validation of a real-time 
PCRR assay for the quantification of cell-free and cell-associated HHV8 DNA in 
laboratoryy and clinical samples. The sensitivity and linear range are similar to 
thosee of other real-time PCR assays described previously 17-24 25. With this assay, 
pairedd serum and plasma samples were tested to examine a possible variation in 
HHV88 DNA load in the different clinical sample types, but none was found. 
However,, as shown by the use of a quality control, there is more often inhibition 
inn the plasma samples. It was speculated by Lo et al.2627 that because clotting 
liberatess non-specific cellular DNA, plasma is the preferred sample compared to 
serum.. However, Gallagher et al.28 reported that serum was better as a source for 
EBVV than plasma in a small Hodgkin's disease cohort. Our results also suggest 
thatt serum is the preferred clinical sample for HHV8 DNA load measurements. 

Acknowledgment: : 
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Longitudinall  analysis of HHV8 DNA load 

Abstract t 

Humann herpesvirus 8 (HHV8) has been implicated in at least three diseases: 
Kaposi'sarcomaa (KS), multicentric Castleman's disease (MCD) and primary-
effusionn lymphoma. In MCD, HHV8 viral load in both PBMC and serum is highly 
correlatedd with disease exacerbations and treatment response. HHV8 DNA is 
moree often detected in patients progressing towards KS than in patients who do 
nott develop the disease, suggesting that at a certain time point, the level of 
viremiaa might be indicative of KS development. So far no clear relationship 
betweenn disease and viral load has been found. Therefore, we have analysed 
longitudinall  serum samples from 19 AIDS-KS patients, ranging from 2 years 
beforee KS til l 2 years after KS diagnosis. We found no correlation between viral 
loadd and progression to KS, or disease stage, but viral load was influenced by 
treatment.. Especially, a decline of HHV8 DNA in serum was seen after therapy 
withh protease inhibitors. 

Introductio n n 

Humann herpesvirus 8 (HHV8) is a ? -herpesvirus that is implicated in all forms of 
Kaposi'ss sarcoma (KS), in about 50% of cases of multicentric Castleman's disease 
(MCD)) cases, and in primary effusion lymphoma (PEL) (for a review see:1). Al l of 
thesee lymphoproliferative conditions are strongly associated with concomitant 
HIV- 11 infection. MCD in HIV-1 infected patients was found to be always 
associatedd with HHV8, and was postulated to represent a distinct, plasmablastic 
variantt of MCD 23. 
Detectionn of HHV8 DNA in various tissues is variable: in KS over 95% of the skin 
lesionss test positive 4-5, while detection of viral DNA in blood varies between 41 % 
andd 88% «c. In HIV-1 associated MCD, where HHV8 infected cells are 
predominantlyy B-cells 3, detection of HHV8 DNA in blood is much more frequent 
duringg active disease than in KS: 86-100% of the samples are positive 1113, and 
virall  load in blood is much higher in MCD than in KS u Also, viral DNA load in 
MCDD corresponds with clinical symptoms and treatment response 12,13,15,16. No 
studiess on HHV8 DNA detection in blood have been done on patients with PEL, 
althoughh viral copy numbers are high in all effusion fluids1718. 
Althoughh HHV8 DNA cannot consistently be found in the blood of all KS 
patients,, it is more frequently detected in KS patients, or in patients subsequently 
progressingg to KS, than in patients without KS, or those who do not develop KS 4-
7,19-22̂^ which suggested that detection of HHV8 DNA could be of clinical 
importance.. In transplant patients, HHV8 viremia was found to be associated 
withh KS progression in a multivariate analysis 23. But application of HHV8 
specificc real-time PCR assays did not show a straightforward correlation between 
virall  load, either in PBMC or in plasma, and progression to KS in other studies 
22'24,, although a trend towards increased AIDS-related KS development in perspns 
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wit hh higher HHV8 loads was observed 20. In several studies, higher viral DNA 
loadss were found in more advanced KS disease as compared with early stage KS, 
bothh in PBMC 2528

/ and in affected skin 29-30, although the results in PBMC could 
nott always be replicated 30, and the conclusions of  26 regarding classical KS 
stagingg and viral load were found to be statistically unconvincing 31. A few 
studiess have addressed the behaviour of the HHV8 DNA load in blood after drug 
treatment.. HHV8 DNA plasma load in longitudinal samples from HIV-1 infected 
KSS patients treated with HAART showed both increasing and decreasing trends 
322 while treatment with the antiherpetic drugs ganciclovir and foscarnet did not 
affectt HHV8 load in PBMC 10. Protease inhibitors, used in anti-HIV-1 triple 
therapy,, have been shown to be very effective against KS (for a review see: 33), 
andd indeed a decrease or negation of the HHV8 DNA load in PBMC was seen in 
clinicallyy responding KS patients M. Up til l now, all studies but three have 
quantifiedd cell-associated virus. Yet, viremia is probably much better represented 
byy the amount of cell-free virus, e.g. viral DNA in serum or plasma. Two studies 
thatt have measured HHV8 DNA in plasma in KS patients found that it could only 
bee measured when the viral load in PBMC was high 24-35. Follow-up of HHV8 
DNAA load in plasma has been done after KS diagnosis and during treatment24-32, 
butt not yet before disease development. Studies done on other herpesviruses 
showw that plasma cytomegalovirus (CMV) load is predictive of CMV disease and 
survival36,, and that peak levels of CMV DNA in plasma occur 4 months prior to 
clinicall  diagnosis of CMV disease 37-38. In contrast, a study on Epstein-Barr virus 
foundd that EBV DNA load is always high, and absolute levels of EBV in PBMC 
andd serum cannot be correlated and are not predictive of subsequent 
developmentt of AIDS-related non-Hodgkin lymphoma39. 
Concluding,, as HHV8 viral DNA is more often found in patients subsequently 
progressingg towards KS, it could be speculated that at some time before KS 
development,, a rise in HHV8 viral copies in serum or plasma could be indicative 
off  viremia and the onset KS. Therefore, we have analyzed HHV8 viral load in 
longitudinall  serum samples from 19 HIV-1 infected individuals 24 months before 
diagnosiss of AIDS-KS til l 24 months after diagnosis in three-months intervals, 
wit hh a real-time quantitative DNA PCR, to evaluate its prognostic value and 
behaviourr over time. 

Material ss and Methods 

StudyStudy population. This study was performed on longitudinal serum samples 
obtainedd from 19 homosexual men included in the Amsterdam Cohort Studies on 
HIV/AID SS (www.amsterdamcohortstudies.org). Al l patients were dually 
infectedd with HIV-1 and HHV8 and developed KS. The time-points were chosen 
att 24, 12, 6, and 3 months prior to, at the time of diagnosis, and 3, 6, 12, and 24 
monthss after the onset of KS. Al l patients were HHV8 antibody-positive in either 
ann ORF73 and/or an ORF65 ELISA  40 before onset of KS. Al l subjects in this study 
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weree sampled before the introduction of highly active antiretroviral therapy 
(HAART)) in 1997, with the exception of a few samples from patients H8200, 
H61255 and HOI57 after KS diagnosis. The samples taken after the introduction of 
HAARTT were not used in the calculations. 
DNADNA extraction. PhHV, a type 1 seal herpesvirus, was added to the clinical 
sampless as a control for both the isolation method as well as a control for the 
presencee of PCR inhibitors 41 encountered during the isolation as described 42. 
Aliquotss of 150 ul serum were isolated using silica and guanidium thiocyanate 43 

withh a final elution volume of 50 ul. Al l samples were tested in duplicate for both 
HHV88 and for PhHV. 
Real-timeReal-time quantitative PCR assay. The HHV8 DNA load in the samples was 
determinedd using an ORF65 TaqMan assay described earlier42. In short, each PCR 
containedd 10 ul of isolated DNA and 40 ul of PCR mixture consisting of Platinum 
Quantitativee PCR Supermix UDG, 3.6 mM MgCl2, 0.9 uM forward and reverse 
primer,, 0.2 uM Taqman probe and 1 ul ROX reference Dye (50X concentrated) 
(Invitrogen/Lifee Technologies, Carlsbad, Calif.). Following the activation of UDG 
(22 min, 50°C) and activation of Platinum Taq DNA polymerase (10 min, 95 °C), 45 
cycless (15 s, 95 °C and 1 min, 60 °C) were performed on an ABI 7700 sequence 
detectionn system (Perkin Elmer Applied Biosystems). The threshold cycle (Ct) for 
eachh sample of the standard curve was plotted against the input copy number. 
Thee value of Ct was determined by the first cycle number at which fluorescence 
wass greater than the set threshold value. For accurate comparison of the samples 
thee threshold was the same for all the experiments. Linear regression was used to 
determinee the copy number of the experimental samples. The HHV8 copy 
numberr measured was converted to copies per ml sample. As a control for cross 
contaminationn samples consisting of distilled water were also subjected to the 
isolationn method and the extracts were tested with both the ORF65 and the PhHV 
assay.. The Ct for all these "no-template" samples was always >45 cycles. The 
meann Ct value for the PhHV assay was 24.9  0.6 standard deviation, and was 
usedd to indicate which samples were truly negative and if no inhibition of 
amplificationn or loss of sample had occurred. 
StatisticalStatistical analysis. To compare changes in CD4+ cell counts a repeated 
measurementss procedure was done using a generalised linear model (PROC 
MIXEDD of SAS software, SAS version 8.02, SAS Institute, Cary, NC, USA) 
enteringg the square root of the CD4+ cell count. Such an analysis takes into 
accountt that serial measurements of the outcome variable in one patient are 
correlated,, and provides a valid statistical estimate of the main effect. Since 
HHV8-DNAA load was undetectable in a considerable number of observations we 
usedd generalized estimating equations where HHV8 DNA was entered as a 
qualitativee variable (present or absent). In addition the clinical relevance was 
evaluatedd by entering the severity of the KS lesions into this model. 
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Results s 

LongitudinalLongitudinal analysis of serum HHV8 DNA load. The HHV8 DNA load was 
measuredd in serum samples of 19 AIDS-KS patients to analyse the dynamics of 
HHV 88 load before and after the onset of KS (Fig. 1). Al l patients were HHV8 
DNAA positive at one or more time points during the study. Table 1 summarizes 
patientt characteristics. Frequency of detection of HHV8 DNA in this sample set 
wass 58% at 24 months before diagnosis, 68% at the moment of KS diagnosis, and 
611 % 24 months after KS diagnosis. HHV8 DNA load in serum was generally low, 
rangingg from undetectable (=<50 copies/ml) to a maximum of 14125 copies/ ml, 
wit hh most samples being below 1000 copies/ml. The results for all patients were 
combinedd and the median load was calculated at the different time intervals to 
investigatee the behaviour of the HHV8 load over time (Fig. 2A). Median amounts 
off  copies increased from 177 copies/ml (range, <50-4266) at 24 months before KS 
diagnosiss til l 260 copies/ml (range, <50-7244) at KS diagnosis, with a median of 
2633 copies/ml (range, <50-14125) 24 months after KS diagnosis. This increase was 
nott statistically significant (p= 0.56), suggesting that the median HHV8 load 
merelyy fluctuates. Before KS diagnosis, 2 patients (H0157 and H6056) never had a 
detectablee HHV8 load at any of the four time points, while 5 patients were always 
detectable.. Of the remaining patients, 4 were only positive at a single time point 
beforee diagnosis. Examining the patients with at least 3 positive measurements 
beforee diagnosis (a total of 11 patients), a steady or slowly increasing viral load 
wass observed. However, no consistent overall pattern was detected (Fig. 1). The 
virall  load at KS diagnosis was not notably different from that at any other time 
point,, while patterns varied: two patients (H0236 and H0546) showed a peak in 
virall  load at diagnosis, patient H0591 had a barely detectable HHV8 load and five 
patientss (H0479, H6056, H0157, H6125, and H0401) were HHV8 DNA negative at 
thatt time. Patient H6056 only became HHV8 DNA positive in serum two years 
afterr the manifestation of KS. 
Serumm HHV8 DNA levels 24 months after KS diagnosis were generally not much 
differentt per patient from levels measured at earlier time points. Only two 
patients,, H0324 and H0546, showed steadily increasing HHV8 levels from 
diagnosiss onwards with >5000 copies/ml at end-stage disease. A third patient, 
H6053,, also reached a level >5000 copies/ml 24 months after diagnosis, but 
experiencedd a slight fall in HHV8 DNA viral load in the 3 months after KS 
diagnosis. . 

SerumSerum HHV8 DNA load and KS staging. KS stage at moment of diagnosis, and after 
follow-upp is shown in Table 1. Al l KS cases were diagnosed between 1987 and 
1997.. Medical information was not available for two patients, while of the 
remainingg 17 patients three were diagnosed at presentation with mucocutaneous 
KS,, 10 had developed a single cutaneous lesion, a single patient presented with 
ann oral lesion, and 3 patients showed two or more cutaneous lesions. Progression 
too visceral KS was seen in two patients (H8003 and H0324), while 2 additional 
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patientss developed mucocutaneous KS after presenting with a single cutaneous 
lesion.. KS disease was more or less stable or regressed in the remaining patients. 
Noo correlation could be found between either the viral load before or at diagnosis 
andd stage at diagnosis and progression of KS in this set of patients. Also, the 
presencee or absence of detectable HHV8 DNA in serum was no indicator for the 
severityy of KS at either moment (p=0.10). 

Patient t 
no. . 

H8003 3 

H0324 4 

H0585 5 

H0065 5 

H0479 9 

H6053 3 

H0591 1 

H6077 7 

H0468 8 

H0546 6 

H0556 6 

H0236 6 

H6113 3 

H8200 0 

H0514 4 

H6056 6 

H0157 7 

H6125 5 

H0401 1 

KSS date 

25-06-1992 2 

01-12-1992 2 

20-04-1995 5 

01-04-1987 7 

23-04-1987 7 

03-04-1992 2 

25-08-1994 4 

11-02-1994 4 

10-08-1989 9 

17-10-1988 8 

23-08-1994 4 

21-03-1989 9 

06-07-1995 5 

05-12-1996 6 

15-02-1995 5 

08-06-1995 5 

01-09-1997 7 

15-04-1996 6 

06-05-1987 7 

KSS stage at 
diagnosis s 
cutaneous s 
(singlee lesion) 
oral l 

mucocutaneous s 

mucocutaneous s 

cutaneous s 
(singlee lesion) 
cutaneous s 
(singlee lesion) 

mucocutaneous s 

cutaneous s 
(multiplee lesions) 
cutaneous s 
(multiplee lesions) 
cutaneous s 
(multiplee lesions) 
cutaneous s 
(singlee lesion) 
cutaneous s 
(singlee lesion) 
cutaneous s 
(singlee lesion) 
cutaneous s 
(singlee lesion) 

cutaneous s 
(singlee lesion) 

cutaneous s 
(singlee lesion) 
cutaneous s 
(singlee lesion) 

? ? 

? ? 

KSS follow-up 

visceral l 

visceral l 

regression n 

mucocutaneous s 

mucocutaneous s 

mucocutaneous s 

radiotherapy, , 
regression n 

mucocutaneous s 

stable e 

mucocutaneous s 

stable e 

stable e 

noo follow-up 
afterr two years 

stable e 

regression n 

stable e 

regression n 

? ? 

7 7 

Deceased d 

14-07-1995 5 

03-10-1996 6 

--

30-11-1990 0 

07-11-1989 9 

22-08-1994 4 

--

21-11-1996 6 

11-10-1991 1 

08-07-1995 5 

--

--

--

--

--

15-01-2000 0 

--

--

01-05-90 0 

Antiretrovira l l 
treatment t 

none e 

AZTT 08-03-1994 
D4T,, 3TC, 
Saquinavir,, 26-04-
1996 6 
AZTT 19-05-1988 

AZTT 23-10-1987 

none e 

none e 

none e 

none e 

none e 

none e 

none e 

Ritonavirr 06-01-
1997 7 
Indinavir,, 3TC 10-
04-1997 7 
Indinavir, , 
D4T,DDII  07-10-
1996 6 
Indinavir,, 3TC 07-
12-1995 5 
Indinavir,D4T, , 
3TC,, 04-12-1997 
Indinavir,, AZT, 
3TCC 28-01-1997 
AZTT 10-04-1987 

SerumSerum HHV8 DNA load and treatment. Seven patients in our study received a HIV-
11 protease inhibitor (PI), indinavir, saquinavir, or ritonavir, between 3 to 18 
monthss after KS diagnosis (Table 1). Individual treatment is also indicated in Fig. 
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1.. The effect of these drugs was variable: three patients showed a decline in 
HHV 88 DNA load, in two patients the load remained unchanged, one of them 
continuingg to be undetectable, while in another patient (H6056) viral DNA could 
bee measured for the first time 24 months after diagnosis during treatment with 
indinavir.. Patient H0065 was treated with AZT alone after diagnosis, with an 
immediatee decline in HHV8 load and KS burden. However, KS recurred, the viral 
loadd increased, and the patient was subsequently treated with radiotherapy. 
Patientt H0236 was treated with radiotherapy after diagnosis, and showed a good 
clinicall  response, with a concomitant decline in viral load (Fig. 1). Chemotherapy 
(adriamycin// bleomycin/ vincristine) was initiated in patients H6077 and H8003. 
Patientt H6077 improved clinically at first, and viral load decreased, but the 
improvementt and the viral load decrease were not permanent, and the patient 
diedd 2 years after diagnosis. Patient H8003 showed no clinical response to the 
chemotherapy,, and no decrease in viral load. He died 30 months after KS 
diagnosis.. Overall, HHV8 viral load in serum seems to be correlated to treatment, 
eitherr with PI, AZT, radiation or chemotherapy, with a decrease in viral load 
correspondingg to clinical improvement. However, patient numbers are low, as 
onlyy 11 patients were treated with some form of therapy. Absolute changes in 
virall  load after treatment were generally low due to the already low levels of 
detectablee DNA before therapy. Of the patients treated with PI, six are still alive 
today.. In three of these patients, a complete regression of KS lesions correlated 
wit hh an undetectable HHV8 load 24 months after diagnosis. Patient H6056, the 
onlyy one with a rise in HHV8 DNA load after PI treatment, died 5 years after KS 
diagnosiss with a B-cell lymphoma. 
HHV8HHV8 DNA viral load correlated with CD4 cell count. Longitudinal CD4+ cell counts 
weree analysed for all 19 KS patients described here, and are shown in Fig. 1 for 
eachh individual patient. Median CD4+ cell counts for each time point have been 
calculatedd and are shown in Fig. 2B. There was a statistically significant decrease 
inn CD4+ cell counts in the course of KS development and beyond (p=0.0003), as 
hass been described before 2044'45. 
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timee (months since onset of KS) 

|| Start protease inhibitor 

II  Start chemotherapy 

II  Start radiotherapy 

AZT T 
|| Start AZT 

Figuree 1: Longitudinal evolution of HHV8 DNA copies in serum and CD4+ cell count in 19 H1V-1 infected patients 
withh AIDS-KS before and after diagnosis. 
HHV88 DNA copies are indicated by closed squares (upper line) and open circles indicate CD4 cell counts (lower 
line).. The limi t of detection (<50 copies) of the ORF65 real-time PCR assay is indicated by a horizontal dotted line. A 
verticall  line indicates time of KS diagnosis. Treatment after KS diagnosis is indicated with arrows. 
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Figuree 2A: Mean HHV8 load measured in a total of 157 serum samples from 19 AIDS-KS patients over nine time 
pointss before and after KS diagnosis. The variation was not statistically significant (p=0.47). Figure 2B: Mean CD4+ 
celll  counts over nine time points (total 151 counts) during 4 years of follow-up in 19 AIDS-KS patients. The CD4+ 
declinee was statistically significant (p=0.0003). 
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Discussion n 

Inn this study, we have retrospectively analysed the behaviour of the HHV8 DNA 
virall  load by real-time PCR in longitudinal serum samples from AIDS-KS patients 
before,, at, and after KS diagnosis. Three-month interval samples were available 
fromm a total of 48 months of follow-up (2 years before diagnosis til l 2 years after 
diagnosis)) for 19 patients. Frequency of detection of HHV8 DNA in these samples 
wass around 62%, with the viral load ranging from undetectable (< 50 copies/ml) 
til ll  a maximum of 14125 copies/ml. No correlation could be found between viral 
detectionn and/or copy numbers in serum and progression to KS, or with viral 
loadd and KS clinical stage. HHV8 viral load was associated with treatment 
response,, where a decline in load was linked with clinical improvement, but 
patientt numbers were low as only 9/19 patients received specific anti-KS therapy 
(PI,, chemotherapy or radiotherapy). Especially treatment with antiretroviral 
proteasee inhibitors resulted in a strong decline in HHV8 load in serum, as was 
observedd earlier for PBMC 34. 
Clinicall  relevance of HHV8 load in KS has been questioned. Earlier studies have 
nott been able to find a definite relation between HHV8 copy numbers in blood 
andd progression to KS 20.212̂ although sometimes 25"28, but not always 3a31, a 
relationn with KS disease stage was observed. Here, we have observed neither a 
relationn with higher HHV8 DNA load and progression to KS nor a relation with 
higherr HHV8 DNA load and advanced KS disease in 19 AIDS-KS patients. 
Therefore,, the non-predictability of HHV8 load in KS resembles the situation with 
EBV,, another gammaherpesvirus, whereby EBV load in PBMC is also not 
predictivee of development of EBV-related non-Hodgkin lymphoma 39, whereas 
forr CMV, a betaherpesvirus, load was found to predict CMV disease and to peak 
44 months before onset of disease 36"38. 
However,, in contrast to the situation in KS, HHV8 load in blood in HHV8 
positivee MCD was found to be correlated with disease exacerbations and 
treatmentt response Ui3,is,i6/ whereby copy numbers were generally found to be 
higherr than in KS 14. This suggests that for HHV8 the clinical relevance of viral 
loadd in blood is disease-specific. The infected cell type in HHV8+ MCD is mainly 
thee B-cell  3, suggesting that viral copies measured in blood accurately represent 
ongoingg viremia. In KS, the major HHV8 infected cell type expresses both 
endotheliall  and macrophage antigens 46, and is most likely of endothelial origin. 
Thee disease is mainly localised to the skin, suggesting that viral DNA detected in 
bloodd is not necessarily a direct representative of the disease process elsewhere, 
explainingg the discrepancy between viral load in either PBMC or serum, and 
diseasee progression in KS. 
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IL-88 promotor polymorphism and AIDS-KS 

I nn a case-control study, we studied the effect of a single nucleotide 
polymorphismm in the IL- 8 promoter  on the risk of the development of AIDS-
relatedd Kaposi's sarcoma (KS). KS developed in 46% of individual s wit h the TT 
genotypee and in 66% of A A/AT genotypes (P= 0.038). Patients wit h the TT 
genotypee were rarely affected wit h visceral KS (7% versus 36%; P=0.06), which 
suggestss that carrier s of the TT genotype are protected from (severe) KS 
development. . 

Inn early Kaposi's sarcoma (KS) lesions, only a few cells are infected by human 
herpesviruss 8 (HHV8), and although in later stages this number increases, most 
cellss are latently infected. This suggests that HHV8 infection influences 
uninfectedd cells by paracrine mechanisms involving soluble factors secreted by 
infectedd lytic-phase cells. IL-8, the prototype member of the C-X-C chemokines, 
hass been suggested to constitute the major link between HHV8-encoded proteins, 
HIV-11 Tat protein and cellular cytokines in establishing KS pathogenesis l. IL-8 
serumm levels are elevated in classic KS patients 2 and after HIV-1 infection 3. IL-8 
playss a prominent role in growth and angiogenesis in many other tumours, in 
whichh higher IL-8 expression correlates with poor prognosis. A single nucleotide 
polymorphismm correlated with differential IL-8 production, the IL-8 A / T 
polymorphicc site at -251 (A, high expresser, T, low expresser, relative allele 
frequencyy 0.43 in Caucasians) 45, has been associated with the development of 
prostatee cancer 6. 
Approximatelyy 33% of homosexual men co-infected with HIV-1 and HHV8 
developedd AIDS-related KS in the Amsterdam Cohort Studies on HIV/AID S 7. 
Ann IL-6 promoter polymorphism was recently found to be associated with the 
riskk of KS risk after HIV-1 infection 8, but closer inspection of the data suggested 
thatt this single nucleotide polymorphism is most likely associated with the risk of 
HHV88 infection, thus reducing the risk of KS. 
Too study the influence of the IL-8 gene promoter polymorphism at nucleotide -
2511 on the risk of the development of AIDS-related KS, we designed a case-
controll  study incorporating 153 HIV-1 and HHV8 double-infected homosexual 
men:: 84 AIDS-related KS patients, and 69 patients with an AIDS-defining event 
otherr than AIDS-related KS, or with at least 6 years follow-up after double 
infectionn to allow for immune deterioration. Over 82% of the KS cases in the 
Amsterdamm Cohort were found to occur within 6 years of double-infection 7. Al l 
patientss participated in the Amsterdam Cohort Studies on HIV/AIDS . Follow-up 
off  these patients was started from the time-point of positive serology for the 
secondd virus. 
Thee clinical data were collected before 1 January 1997, as the introduction of 
proteasee inhibitors in July 1996, which have been shown to be particularly 
effectivee in preventing KS, could influence the outcome. 
DNAA was extracted from peripheral blood mononuclear cells with silica and 
guanidinee thiocyanate, then a 422 base pair fragment spanning the IL-8 promoter 
polymorphismm at -251 was amplified with forward primer 5' 
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TGCCCTTCACTCTGTTAACC 3' 4 and reverse primer 5' 
caggaaacagctatgaccGCAAACCTGAGTCATCACACTT 3' (lower case, M13RP 
extension),, based upon GenBank accession no. AF385628. Reactions were carried 
outt using Amplitaq DNA polymerase (ABI, Foster City, CA, USA) with 2.4 mM 
magnesiumm and the following protocol: 5 min 95 C, 35 cycles of 1 min 95 C, 1 
minn 55 C, 2 min 72 C, followed by 10 min 72 C, and 10 min 4 C. Direct 
sequencingg of the polymerase chain reaction products was performed with the 
M13RPP primer and the DNA Big Dye Terminator Sequencing Kit (ABI) on an ABI 
3777 automated sequencer, following the manufacturers' protocols. 
Oddss ratios with 95% confidence intervals (CI) were obtained to evaluate the 
associationn of TT variants with the occurrence of KS compared with the AA or AT 
genotype.. Odds ratios and Fisher's exact test were calculated using StatXact-3 
versionn 3.0.2. The distribution of the IL-8 -251 A and T alleles was as follows: NHTV-
l+HHvss 153: AA 21%, AT 46%, TT 33%. This distribution does not deviate from other 
Caucasiann populations 6, suggesting that infection with HIV-1 and HHV8 is not 
affectedd by this genotypic variation. In the case-control comparison, TT 
homozygotess were found to have a significantly decreased risk of developing 
AIDS-relatedd KS (43% versus 61% for AT heterozygotes/AA homozygotes, odds 
ratioo 0.49, 95% CI 0.25-0.97, P=0.039, Table 1). There was no difference between the 
AAA or AT genotype with regard to the risk of developing KS (odds ratio for AT 
versuss AA 1.1, 95% CI 0.5-2.6, P=0.84). Increasing the follow-up period for the 
double-infectedd control patients without AIDS-related KS to 7, 8, or 9 years, 
respectively,, did not influence the results (not shown). 

KSS can be subdivided into three clinical subtypes: cutaneous, mucocutaneous, 
andd visceral KS. Visceral KS runs the most aggressive clinical course, and is most 
frequentlyy seen when an immunosuppressive component is present. To estimate 
thee effect of the IL-8 genotype on the development of visceral KS, the clinical 
classificationn of KS was determined from the medical files of 66 AIDS-related KS 
patients,, and correlated with their IL-8 genotype (Table 1). A trend towards 
protectionn from visceral KS was observed for the TT homozygotes (7% versus 
36%% when an A allele was present), but the result was of borderline significance 
(P=0.06),, probably because of lower patient numbers. 
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Tablee 1. Distribution of the IL-8 promoter polymorphism at nt -251 among HIV-1/ HHV-8 positive patients with and 
withoutt Kaposi's sarcoma, and with or without visceral KS. 

IL-88 genotype3 N KS 

AAA 32 19 (59%) 

ATT 70 43 (61%) 

TTT 51 22 (43%) 

TTT with A A/A T combined as reference 

AA A 

AT T 

TT T 

TTT with AA/A T combined as reference 

Viscerall  KSb 

5/155 (33%) 

14/37(38%) ) 

1/144 (7%) 

19/522 (37%) 

Oddss ratio (95% CI) 

1 1 

1.1(0.5-2.6) ) 

0.522 (0.21 -1.27) 

0.499 (0.25 - 0.97) 

1 1 

1.2(0.3-5.5) ) 

0.155 (0.003 -1.80) 

0.13(0.003-1.05) ) 

PP value 

0.84 4 

0.15 5 

0.039 9 

1.0 0 

0.20 0 

0.06 6 

CI,, Confidence interval; KS, Kaposi's sarcoma. 
aMediann CD4 cell counts were 530, 530, and 485 (P=0.53, interquartile ranges 360-615, 400-700, and 340-630), respectively 
forr the AA, AT and TT genotype at the time of double infection, and 80, 70, and 140 (P=0.68, interquartile ranges 50-190, 
60-260,, and 40-290), respectively, when KS was diagnosed. 
bPatientss with clinical records available: 15/19 AA (79%), 37/43 AT (86%), and 14/22 TT (64%) genotypes, 
respectively.. Patients listed had cutaneous, mucocutaneous or visceral KS. 

Inn this study, we showed that the nucleotide present at nt -251 in the IL-8 
promoterr is correlated with the risk of acquiring AIDS-related KS. Individuals 
homozygouss for T at this promoter position, which are presumably low IL-8 
producers,, were partially protected from disease, and experience less severe 
diseasee symptoms. Expression of the IL-8 gene is controlled by different 
mechanisms,, and varies between individuals. This variation has been linked to 
thee IL-8 -251 A/ T polymorphism 4-5, which could exert effect through the 
alterationn of a transcription factor binding-site. A search for transcription factor 
consensuss binding motifs in this region revealed the presence of a C/EBPa 
bindingg site when an A is present, but not in the T-allele (not shown). Although it 
hass been reported that carriers of the AT genotype produces less IL-8 than the AA 
genotypee 4-5, we did not find any difference in clinical outcome between patients 
carryingg either the AA or the AT genotype. Unfortunately, we were unable to 
measuree the actual serum IL-8 levels in our patients, as the only samples available 
weree archival samples with undocumented time to sample processing. It has been 
shownn that IL-8 levels increase significantly when blood samples are left standing 
forr more than one hour 9. 
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CMVV not a cofactor in Kaposi's sarcoma 

Abstract t 

Thee prevalence of cytomegalovirus (CMV) is high in persons at risk for Kaposi's 
sarcomaa (KS). Active CMV infection was reported to precede the onset of KS. An 
inin vitro study showed activation of HHV8 lytic replication by CMV, where CMV 
co-infectionn increased the production of HHV8 and activated lytic cycle gene 
expression.. Therefore, CMV may be an augmenting cofactor in KS development. 
Wee designed a population-based study to see if the activation of HHV8 by CMV 
alsoo occurs in vivo. 
Fromm the Amsterdam Cohort study, we selected PBMC samples from 129 AIDS 
patientss with and without KS. The viral loads of both HHV8 and CMV were 
calculatedd in PBMC. There was no significant difference in prevalence and load 
forr CMV between the KS and non-KS patients. The variable most strongly related 
too having KS was the presence of HHV8 DNA in PBMC. No evidence was found 
forr in vivo activation of HHV8 by CMV. 

Introductio n n 

Personss with Kaposi's sarcoma (KS) are often immunosuppressed and susceptible 
too many infectious agents including cytomegalovirus (CMV, human herpesvirus 
5).. CMV is a common infectious agent and an important pathogen in immuno-
compromisedd patients. Seropositivity among homosexual men with HIV-1 
infectionn approaches 100% 12. 
Nott only is CMV common in persons at risk for KS but active CMV infection was 
reportedd to precede the onset of KS 3 and it has been identified in KS lesions as 
wel l4 5.. The frequency of the association of CMV and KS led to consider CMV a 
possiblee etiologic agent of KS 46. Although this was found not to be true 7 it 
remainss possible that CMV is an augmenting cofactor. The idea that 
herpesvirusess are potential cofactors in the progression of HIV disease is 
suggestedd by the finding that all herpesviruses, which become latent after 
primaryy infection, more frequently reactivate during the course of HIV infection 8 

10.. In a recent study, the effect of multiple herpesvirus infection on the 
progressionn of HIV disease was studied and an increased risk was found for 
participantss with infection with four herpesvirus n . It is possible that there is 
interactionn between the different viruses. 
Ann in vitro study showed that CMV infection of HHV8 latently infected human 
fibroblastss (HF) activated HHV8 lytic replication with the production of 
infectiouss HHV8. CMV co-infection increased the production of HHV8 from 
endotheliall  cells and activated lytic cycle gene expression in keratinocytes 12. 
Thesee data demonstrate that CMV can activate HHV8 lytic replication in vitro and 
suggestt that CMV could influence KS pathogenesis. 
Wee designed a population-based study to see if activation of HHV8 by CMV also 
occurss in vivo, and if CMV DNA in PBMC is a risk factor for the development of 
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KS.. If CMV activates HHV8 lytic replication, HHV8 positive patients with a high 
CMVV load wil l then have an increased risk of developing KS. Therefore, at the 
timee of KS the CMV DNA load should be high. Because co-infection of cells with 
CMVV could activate HHV8 viral replication, resulting in an increase of the viral 
loadd of HHV8, the HHV8 load in CMV DNA positive samples should also be 
high.. The HHV8 and CMV DNA loads were determined in PBMC samples from 
fourr groups of AIDS patients. Two groups consisted of AIDS -KS patients that 
didd or did not develop CMV related diseases and two groups consisted of AIDS 
patientss that did or did not develop CMV related diseases without KS. Al l 
patientss were infected with both HHV8 and CMV. 

Materia ll  and Methods 

SampleSample selection and preparation. From the Amsterdam Cohort Studies on HIV 
infectionn and AIDS that started in October 1984 13 we selected 129 AIDS patients. 
Groupp 1 consisted of KS patients that did not develop CMV related disease (n=53) 
duringg follow-up or until death, group 2 also contained KS patients but they 
developp CMV related disease (n=31) during follow-up. Group 3 included AIDS 
patientss that developed CMV related disease (n=14) during follow-up and group 
44 consisted of AIDS patients that did not develop KS or CMV related diseases 
(n=31)) during follow-up. The sampling moment for groups 1&2 was at time of KS 
diagnosis.. CMV related disease is known as a late stage AIDS disease, and occurs 
particularlyy when CD4 cell counts fall below 50 cells/ul. To avoid a bias in CD4 
countt the samples used in this study from group 3 were taken not at the time of 
CMVV related disease, but at the moment of AIDS diagnosis, which often is 
monthss to years before the CMV related disease. The samples from group 4 were 
alsoo taken at AIDS diagnosis. The AIDS diagnoses for all patients are summarised 
inn table 1. If KS was diagnosed within three months after an AIDS defining event, 
thee diagnosis was classified as KS in this study. Al l the samples were taken before 
19977 except two that were taken in April and November 1997. Al l patients were 
eitherr seropositive or DNA positive for HHV8. The infection rate of CMV was 
consideredd 100% in all four groups. 

Tablee 1: AIDS diagnosis for all patients 

Groupp 1 (n=53) 
Groupp 2 (n=31) 
Groupp 3 (n=14) 
Groupp 4 (n=31) 

AID SS diagnosis 

Kaposi's s 
Sarcoma a 

44 4 
19 9 

Pneumocystis s 
Cariniii  Pneumonia 

3 3 
6 6 
6 6 
10 0 

Candidiasiss of 
thee esophagus 

4 4 
2 2 
3 3 
5 5 

Other r 
opportunistic c 
infections s 

2 2 
4" " 
5 " " 

16 6 
**  Including 1 CMV disease; **  Including 1 CMV retinitis 
Groupp 1: KS pos.; Group 2: KS and CMV disease pos.; Group 3: KS neg. and CMV disease 
pos.;; Group 4: KS and CMV disease neg. 
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Thee frozen PBMC samples were thawed; the cells were collected and 
resuspendedd in 200 JJ.1 of phosphate-buffered saline (PBS). The cells were counted 
andd put in guanidine based lysis buffer with the final concentration of 1><106 

cells/ml.. For the HHV8 PCR nucleic acids were isolated from 5*105 cells by a 
silica-basedd method u, and 10 ul of the eluate, equivalent of 1.5x105 PBMC, was 
usedd in the Taqman assay. 
QuantitativeQuantitative PCR. The amount of HHV8 DNA present in the PBMC was 
determinedd by real-time quantitative PCR of the open reading frame 65 (ORF 65) 
lyti cc capsid gene. The assay has been described elsewhere 15. PCR reaction was 
donee according to Platinum Quantitative PCR Supermix UDG (Invitrogen lif e 
technologies,, Carlsbad, Calif.). Each PCR contained 10 ul of sample and 40 ul of 
PCRR mixture consisting of 25 ul of Platinum Quantitative PCR Supermix UDG, 
3.66 mM MgCh, 0.9 uM forward and reverse primer, 0.2 JIM Taqman probe and 1 
ull  ROX reference Dye (50xconcentration). The HHV8 copy numbers measured 
weree converted into copies per 106 PBMC 
Ass a control for the isolation and the cell counting, we quantified diluted samples 
off  the purified cell DNA by real-time PCR of human 6-actin DNA with Taqman 
6-actinn reagents according to the manufacturer's instructions (PE applied 
Biosystems).. The 6-actin reaction conditions were the same apart from the primer 
andd probe concentrations (0.3 uM forward and reverse primers and 0.2 uM 
Taqmann probe). 
Followingg the activation of UDG (2 min, 50°C) and activation of Platinum Taq 
DNAA polymerase (10 min, 95 °C), 45 cycles (15 s, 95 °C and 1 min, 60 °C) were 
performedd on an ABI 7700 sequence detection system (Perkin Elmer Applied 
Biosyy stems). As a control for cross contamination samples consisting of distilled 
waterr were also subjected to the isolation method and the extracts were tested 
withh both the ORF 65 and the 6-actin assay. The threshold cycle (Ct) for all these 
"no-template""  samples were always >45 cycles. For the 6-actin assay we used a 
standardd curve from 1.67xl02-1.67xl04 copies of 6-actin input (r2>0.99). The 
averagee Ct value for the 6-actin was 26  0.73 standard deviation, showing equal 
inputt for all the samples. 
Ass an extra control a nested PCR for ORF 65 16 was performed on all the samples. 
Thee lower limi t of detection of this PCR is 1-5 copies of HFTV8 DNA. Samples that 
weree found negative in the real-time Taqman PCR but positive in the nested PCR 
weree determined to be positive but below quantification level. Of the 129 
samples,, 6 were found positive in the PCR and not in the Taqman assay (5%). 
Sampless were considered negative if the Ct value exceeded 45 cycles and the 
nestedd PCR was also negative. 
COBASCOBAS protocol. The quantification of the CMV DNA was performed by using the 
COBB AS AMPLICOR CMV MONITOR system according to the manufacturer's 
instructionss 17 18 with some alterations in the protocol. Briefly, 200ul of the PBMC 
inn lysis buffer (2xl05 PBMC) was added to the lysis reagent (600ul) that contained 
aa quantitation standard (V* of the amount according to the protocol). DNA was 
precipitatedd with isopropanol (800ul) and pelleted by centrifugation at 16,000 x g 
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forr 15 minutes. The pellet was washed with 1 ml 70% ethanol and resuspended in 
specimenn diluent (lOOul; lA of the amount according to the protocol). The 
extractedd sample (50jil) was added to 50 nl PCR Master Mix and places in the 
COBASS AMPLICOR instrument for automated amplification, detection and 
quantificationn of CMV DNA. This system amplifies a 365-bp region of the CMV 
DNAA polymerase gene (UL 54). The instrument captures the biotinylated 
amplificationn products with magnetic particles coated with specific 
oligonucleotidee probes and detects the bound products calorimetrically. The 
quantitationn standard contains DNA with primer binding sites identical to those 
off  the CMV target and a unique probe-binding region that allows it to be 
distinguishedd from the CMV amplicon. CMV DNA levels in the test specimen are 
determinedd by comparing the absorbance of the specimen to the absorbance 
obtainedd for the quantitation standard. The dynamic range for quantitation is 
approximatelyy 3 loglO units, with 100 copies as the lower limi t of detection. The 
CMVV load was converted to copies per xlO6 PBMC. 
StatisticalStatistical analysis. Group comparison was made using the chi-square test or 
Kruskal-Walliss test where appropriate. For DNA results logarithmic transcription 
wass made. Median values were calculated to describe the different groups. 
Subsequently,, odds ratios were obtained to evaluate the association between the 
presencee of high level DNA or low values of CD4 cells and the occurrence of KS. 

Results s 

Thiss study was designed to examine the possible in vivo interaction between 
HHV88 and CMV. Therefore, the cell-associated DNA loads of the two 
herpesvirusess were measured in PBMC samples of 129 AIDS patients, divided 
intoo groups with (groups 1&2) and without (groups 3&4) KS. Groups 2&3 
consistedd of patients that developed CMV related diseases during follow-up 
whereass patients in groups 1&4 did not. The time of sampling was at time of KS 
diagnosiss for groups 1&2 and for groups 3&4 at time of AIDS diagnosis. Among 
thee KS patients 43 (51%) had detectable HHV8 DNA in PBMC, whereas HHV8 
DNAA was detected in only 12 (27%) PBMC samples of the dually infected patients 
withoutt KS. 
Figuree 1 shows the individual quantitative results for HHV8 and CMV DNA copy 
numberr per group specified. The median HHV8 load was highest in the KS 
positivee groups (1&2), and the median CMV load was highest in patients that 
developedd CMV related disease (groups 2&3). The differences in load between 
thee various groups for either HHV8 or CMV were not statistically significant 
(dataa not shown). Next, the groups were combined to study the loads in KS 
positivee (groups 1&2) vs. negative patients (groups 3&4). The overall median 
HHV88 DNA load was 2.3 log/106 PBMC. In KS patients (groups 1&2) the median 
loadd was 2.6 log/106 PBMC, in non-KS patients (groups 3&4) the median load was 
lower,, 2.0 log/106 PBMC. The percentages of CMV DNA positive patients were 
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similarr between those with and those without KS 38 (45%) vs. 21 (47%). The 
mediann CMV load was 2.4 log/106 PBMC (median load in KS positive group 2.4 
log/106PBMC,, in non-KS group 2.3 log/106 PBMC). 

HHV-88 load CMV load 

7.5-1 1 
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(0 0 
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o.oo J
Groupp 1 Group 2 Croup 3 Group 4 Group 1 Group 2 Group 3 Group 4 

KS+CMVd-- KS+CMVd+ KS-CMVd+ KS-CMVd- KS+CMVd- KS+CMVd+ KS-CMVd+ KS-CMVd-

Figuree 1: Individual quantitative results for HHV8 and CMV DNA copy number are presented by groups. Only the 
positivee samples are depicted (Group 1-4: HHV8 DNA pos 29/53, 14/31, 6/14, 6/31; CMV DNA pos 16/53, 22/31, 
11/14,11/31).. The solid line represents the median load. The dotted line represents the cut-off for the assays. Groups 
1&22 are Kaposi sarcoma (KS) patients; Groups 3&4 are negative for KS. Group 2&3 developed CMV related disease. 
KS+== KS positive, KS-= KS negative; CMVd+= positive for CMV related disease, CMVd-= negative for CMV related 
disease. . 

Next,, the different risk factors for KS were calculated and the results are shown in 
tablee 2. 
Off  122 patients, the CD4 count was available at the time of sampling. The counts 
weree divided into quartiles and were assessed as risk factors for KS. The CD4 cell 
countt was not statistically different between men with and without KS, and low 
CD44 count was not found to be a risk factor for KS in this study. Looking at CMV 
prevalencee or load, no significant difference was found between the patient with 
andd without KS. The variable most strongly related to having KS was the 
presencee of HHV8 DNA in PBMC odds ratio 2.9, 95% confidence intervals 1.3-6.3, 
andd to a lesser extent, a HHV8 DNA load higher then the median load was 
associatedd with KS odds ratio 4.2, 95% confidence intervals 1-17.6 (Fig.2). 
Noo correlation was found between the HHV8 load and the CMV load (data not 
shown). . 
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Tablee 2: Characteristics of AIDS patients dually infected with HHV8 and CMV, with and without KS. 

Var iab les s 

Kaposi 'ss sarcoma 

N oo (n=45) Yes s 

24 4 
19 9 
21 1 
18 8 

41 1 
43 3 

18 8 
25 5 

46 6 
38 8 

18 8 
20 0 

(n=84) ) PP valueb 

0.54 4 
0.23 3 
0.11 1 

0.007 7 

0.04 4 

0.88 8 

0.71 1 

CD44 cell count (cellsxl06/l) a 

>229 9 
95-229 9 
35-94 4 
<35 5 
HHV88 DNA 
No o 
Yes s 
HHV88 DNA load (log/lt> PBMC)' 
<2.3 3 
>=2.3 3 
CMVV DNA 
No o 
Yes s 
CMVV DNA load (log/106 PBMC)' 
<2.4 4 
>=2.4 4 

7 7 
8 8 
12 2 
13 3 

33 3 
12 2 

9 9 
3 3 

24 4 
21 1 

11 1 
10 0 

aa D i v i ded into quar t i les. b Ch i -square test. c Posit ive samp les d iv ided into above and be low m e d i an 

H H V 88 D N A load. 

CD44 count 

(<355 vs. >229) 

(35-944 vs. >229) 

(95-2299 vs. >229) 

HHV88 DNA in PBMC 
(Yess vs. No) 

HHV88 DNA load (log/106 PBMC) 
(>=2.33 vs. <2.3) 

CMVV DNA in PBMC 
(Yess vs. No) 

CMVV DNA load (log/106 PBMC) 
(>=2.44 vs. <2.4) 

2J> > 
2.0 ' ~ ~ 

1.4 4 

2.9 9 

4.2 2 

0.9 9 

1.2 2 

11 10 

Oddss ratio for association with KS 

Figuree 2: Odds ratios representing the strength of association between Kaposi's sarcoma (KS) and different variables 
presentedd in table 2. Error bars represent 95% confidence intervals. Units are cells x l O / l for CD4 count and log/106 

PBMCC for HHV8 and CMV load. Odds ratios above 1 indicate a positive association with the occurrence of KS, 
whereass odds ratios below 1 indicate a negative association. 
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Discussion n 

Inn AIDS patients, activation of HHV8 and CMV is frequently observed and can 
resultt in KS and CMV related diseases. In vitro it has been described that CMV 
promotess HHV8 lytic replication. The activation of HHV8 lytic replication plays a 
rolee in KS development through promoting proliferation, angiogenesis and 
inflammatoryy infiltration. The finding that in vitro CMV promotes HHV8 lytic 
replicationn suggest that patients with a high CMV load and also infected with 
HHV88 wil l develop KS more frequently than patients with a dual infection, based 
onn serology, but no detectable CMV DNA. A population-based study was 
designedd to evaluate this hypothesis. 
Lookingg at the HHV8 load in the different groups, men with KS were more likely 
too have HHV8 DNA in PBMC compared to men without KS. Similarly, men who 
developedd CMV related disease during follow-up were more likely to have 
detectablee CMV DNA in the PBMC. This has been described in a study where the 
CMVV load rises before disease development19. However, we did not find a higher 
CMVV load in patients with KS. The prevalence of CMV DNA was also similar in 
patientss with and without KS. Therefore, we conclude that the variable of CMV 
prevalencee and load is not related to KS. In this study we found that the presence 
off  HHV8 DNA in PBMC was the variable most strongly related to having KS, as 
hass been described before 20-21. HHV8 DNA load higher then the median was, to a 
lesserr extent, associated with KS. The CD4 count was also assessed as a risk factor 
forr KS. We did not find a decreased CD4 count to be a risk factor, in contrast to a 
previouss study on KS risk factors in men with HHV8 and HIV  21. This is due to 
ourr samples selection with only AIDS patients tested, as low CD4 count is also an 
AID SS defining illness22. 
Interactionss between CMV and other herpesviruses have been studied. Both 
HHV66 and HHV7 have been associated with CMV related disease 23"28. Although 
somee of these studies found only a weak correlation or no association between 
CMVV disease and HHV6 DNA detection 24,25,27 Altogether, these studies suggest 
ann association but do not prove a causal relationship between HHV6 and/or 
HHV77 reactivation and CMV disease 24,26,28 An interaction between CMV and 
Epstein-Barrr virus has also been described 29-30. In a previous study on multiple 
herpesviruss infections and progression to HIV disease, concurrent infection with 
moree than one herpesvirus did not appear to have a significant effect on the 
coursee of HIV disease (including CMV and HHV8), except for the association 
betweenn HHV8 and KS. After excluding KS from the AIDS defining endpoints, a 
slightt increase in risk for participants with four herpesvirus infections remained. 
Combinedd these studies and our results illustrate that there may be interactions 
betweenn the different herpesviruses but that the association is not clear-cut. 
Inn conclusion, the set-up of this study was to examine a possible in vivo 
interaction/activationn between HHV8 and CMV. However, no significant 
differencess were found in prevalence and load of CMV between KS patients and 
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patientss without KS. Therefore, although CMV actives HHV8 in vitro, no evidence 
forr in vivo activation of HHV8 by CMV was found. 
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Multicentricc Castleman's disease and Kaposi's sarcoma: a case study 

Abstract t 
Background d 
Multicentricc Castleman's disease (MCD) is a rare disease, but is more frequent 
inn AIDS patients. MCD has only been reported twice before in patients 
receivingg immunosuppressive therapy after renal transplantation, and never 
inn patients receiving immunosuppressive therapy without transplantation. 
Aboutt half of the cases of MCD are human herpesvirus 8 (HHV8) - related, in 
contrastt to Kaposi's sarcoma, a more common complication arising after 
immunosuppression,, where the virus is found in virtually all cases. 

Casee presentation 
Wee report a HIV-1 negative, non-transplant patient who developed HHV8-
associatedd multicentric Castleman's disease and Kaposi's sarcoma after 17 
yearss of immunosuppressive treatment with cyclosporin A. The patient was 
foundd to be HHV8 IgG seropositive at presentation, making an acute HHV8 
infectionn unlikely. 
Chemotherapyy with liposomal doxorubicin resolved both symptoms of 
multicentricc Castleman's disease and Kaposi's sarcoma in this patient. A 
concomitantt decline in the HHV8 viral load in serum/plasma, as determined 
byy a quantitative real-time PCR assay, was observed. 

Conclusions s 
Multicentricc Castleman's disease can be a complication of cyclosporin A 
treatment.. Both multicentric Castleman's disease and Kaposi's sarcoma in this 
patientt were responsive to liposomal doxorubicin, the treatment of choice for 
Kaposi'ss sarcoma at the moment, again suggesting a common mechanism 
linkingg both disorders, at least for HHV8-positive multicentric Castleman's 
diseasee and Kaposi's sarcoma. 
HHV88 viral load measurements can be used to monitor effectiveness of 
therapy. . 
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Background d 

Castleman'ss disease, also called angiofollicular or giant lymph node 
hyperplasia,, is a clinically heterogeneous entity that can be either localized 
(unicentric),, or multicentric. The unicentric form, histopathologically 
describedd as the hyaline-vascular subtype, is more common, is not associated 
wit hh HHV8-infection, and can mostly be treated effectively with radiotherapy 
orr surgery as it presents as a solitary mass j. The multicentric form is less well 
understood:: it is an atypical lymphoproliferative disorder of a plasma cell 
type,, and is related to immune dysfunction. A mixture of both hyaline-
vascularr and plasma-cell variants can also be found 2. Patients with MCD 
oftenn develop malignancies like Kaposi's sarcoma and non-Hodgkin's 
lymphomaa 2. 
Humann herpesvirus 8 (HHV8, or Kaposi's sarcoma-associated herpesvirus) 
infectionn is present in nearly 100% of multicentric Castleman's disease (MCD) 
casess associated with HIV-1 infection, and in about 50% of cases that are HIV-1 
negativee 3-4. Recently, it has been proposed that HHV8-associated MCD is 
histologicallyy distinct from HHV8-negative MCD 56. Besides MCD and KS, 
HHV 88 is also involved in a third disorder called primary effusion lymphoma 
(PEL).. Interestingly, the HHV8-infected cells in MCD and PEL are of the B-cell 
lineagee 7, while HHV8-infected cells in KS are presumably endothelial cells 
wit hh macrophage characteristics8. 
Clinically,, HHV8-positive MCD is more aggressive, and has a poor prognosis 
wit hh a median survival of less than 30 months 2^^. MCD, whether or not 
HHV8-associated,, is generally treated with combination chemotherapy 
(CHOP)) and steroids11. 

Casee presentation 

Inn August 2002, a 38-year old homosexual, HIV-negative Dutch male was 
admittedd to our hospital with high fever, night sweats, dyspnoea, coughing, 
weakness,, hepatosplenomegaly, peripheral lymphadenopathy and oedema 
afterr returning from a holiday in Spain. Medical history revealed a minimal 
changee nephropathy, for which he had been taking cyclosporin A (Neoral) for 
thee past 17 years (5mg/kg per day). Laboratory analysis revealed anaemia 
(haemoglobinn = 4.6 mmol/1), thrombocytopenia (lOlx 109/L) , normal WBC 
countt and differential, renal failure (creatinine = 218 |imol/l), 
hypoalbuminemiaa (24 g/1), and elevated CRP (133 mg/1). Diagnostic assays 
forr HIV-1 were performed and repeatedly negative. No acute CMV or EBV 
infectionn was detected (by serology and PCR analysis). Chest X-ray showed 
interstitiall  infiltrates, however, bronchoalveolar lavage did not reveal an 
infectiouss agent. CT-scans revealed hepatosplenomegaly and enlarged 
abdominall  lymph nodes. A bone marrow biopsy showed an active 
haematopoiesiss in all cell lineages without any abnormalities. 
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Histologicall  examination of an axillary lymph node biopsy (Fig. 1A) showed a 
multifocall  proliferation of spindle cells. The diagnosis of Kaposi's sarcoma 
wass confirmed by positive staining of these spindle cells with antibodies to 
factorr VHI-related antigen (not shown) and HHV8 (Fig.lB). The remainder of 
thee lymph node showed partly involuted germinal centres, surrounded by 
smalll  lymphocytes. A number of these lymphocytes also stained positive for 
HHV8,, as seen in multicentric Castleman's disease (Fig. 1C). The clinical 
syndromee and the histological findings were compatible with KS and MCD 
causedd by a HHV8 infection in a long-term immunocompromised patient. 
HHV88 DNA load in serum or plasma was determined by real-time 
quantitativee PCR 12, and was found to increase from 9.0x105 copies/ml at the 
timee of admission to 6.3xl06 copies/ml before treatment start (Fig. 2). 
Despitee discontinuation of cyclosporin A and supportive care his clinical 
conditionn deteriorated with fever, dyspnoea, oedema and exhaustion, together 
withh the development of oral and facial KS lesions. Liposomal doxorubicin 
(Caelyxx 20 mg/m2) was initiated at three-week intervals, ten days after 
discontinuationn of Neoral. Although Caelyx is nowadays the drug of choice to 
treatt KS 13, it has not been reported as a treatment for MCD, however, it has 
beenn shown to lower the HHV8 load 14, suggesting it may also have an effect 
onn other HHV8-related diseases. HHV8 viral load has earlier been associated 
withh clinical outcome in both KS and MCD, whereby a decrease in viral load 
measuredd in blood was linked to a favourable outcome15"18, and an increase in 
HHV88 viral load with exacerbations in clinical symptoms1921. 

Figuree 1: Microscopic morphology of representative lymph node sections and immunohistochemical detection 
off  HHV8 infection. A: Histology of the axillary lymph node showing proliferation of spindle cells (lower left) 
andd partly involuted germinal center, surrounded by small lymphocytes (upper right). B: HHV8 positive 
spindlee cells. C: HHV8 positive lymphocytes in the follicular mantle zone. 
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Figuree 2: HHV8 DNA load of consecutive serum/plasma samples from the case measured with real-time PCR 
Arrowss indicate the chemotherapy courses. Al l samples were HHV8 IgG antibody-positive. 

Withinn one month after treatment start he clinically improved with 
disappearancee of hepatomegaly, lymphadenopathy, and pulmonary 
infiltrates,, and all laboratory parameters became normal. Simultaneously, the 
HHV88 load dropped to 7.4x104 copies/ml, but started to rise again after two 
weekss to 1.7xl05 copies/ml. After the second course of Caelyx, the HHV8 load 
decreasedd to l.lxlO 3 copies/ml. The treatment response was again transient 
andd three weeks later his HHV8 load had risen to 2.4X104 copies/ml. After the 
thirdd Caelyx treatment the viral load was permanently reduced to around the 
detectionn limi t of the assay (1.66xl02 copies/ml). Another three courses of 
Caelyxx were given. Twelve months later he is still disease free without fever, 
lymphadenopathyy or KS lesions. Immunosuppressive therapy with 
cyclosporinn A was discontinued, which is expected to contribute to the 
ongoingg remission. 

KSS specifically occurs under cyclosporin A therapy in about 0.87% of renal 
transplantt patients 22. MCD however, is rarely seen under immunosuppressive 
treatmentt after transplantation 23<24, and has never been reported before in 
non-transplantt patients treated with cyclosporin A 25. 
Retrospectivee analysis of the stored serum samples with a Diavir HHV8 
peptidee mix ELISA (Biotrin International, Dublin, Ireland) showed that this 
patientt was already IgG antibody-positive with very high titres at presentation 
(nott shown), making an acute HHV8 infection unlikely. As expected, all 
subsequentt serum samples were also HHV8 antibody-positive (results not 
shown).. So, the relatively late development of MCD in this homosexual 
patientt (arising only after 17 years of cyclosporin treatment) is most probable 
duee to a reactivation of an existing HHV8 infection. However, the HHV8 
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infectionn might be younger than the start of cyclosporin treatment 17 years 
ago,, and as no earlier serum samples were available, it is difficul t to estimate 
thee time period elapsed between HHV8 infection and development of MCD. 
Inn The Netherlands, HHV8 infections are more common among men having 
sexx with men than in the general population or any other risk group 26, making 
homosexualityy the main risk factor for HHV8 acquisition. Iatrogenic 
immunosuppressionn is then the risk factor for subsequent MCD development 
inn this patient. 
Inn general MCD has a poor prognosis with a rapidly fatal clinical course 4'910, 
thereforee it is remarkable that in this case the patient responded well to Caelyx 
therapy,, showing a concomitant decline of the HHV8 load in blood. 
Interestingly,, a case of EBV-negative post-transplantation lymphoproliferative 
disorderr (PTLD), attributed to a transplantation-associated HHV8-infection in 
aa 17 year-old boy, responded only to a combination of liposomal daunorubicin 
andd alpha-interferon 27. EBV-positive PTLD's, but not EBV-negative cases, 
havee been found to respond to withdrawal of immunosuppression alone 27. 
Possibly,, HHV8-associated lymphoproliferative disorders share common 
features,, and require similar treatment. 

Conclusions s 
MCDD can arise as a complication of cyclosporin treatment. HHV8 viral load 
measurementss are indicative of effectiveness of therapy in HHV8-associated 
MCD. . 
MCD,, as well as KS, in this patient was responsive to liposomal doxorubicin, 
thee treatment of choice for KS at the moment, again suggesting a common 
mechanismm linking both disorders. 

Listt of abbreviations used: MCD = multicentric Castleman's disease, KS = Kaposi's 
sarcoma,, PEL = primary effusion lymphoma, HHV8 = human herpesvirus 8, HIV-1 = 
humann immunodeficiency virus type 1, WBC = white blood cell count, CRP = C-
reactivee protein, CMV = Cytomegalovirus, EBV = Epstein-Barr virus, PCR = 
polymerasee chain reaction, PTLD = post-transplantation lymphoproliferative disorder. 
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HHV88 DNA is fragmented in plasma 

Abstract t 

Inn patients with human herpesvirus-8 (HHV8) associated Multicentric 
Castleman'ss disease (MCD) clinical symptoms are associated with high HHV8 
DNAA load, and with treatment response a decline in viral DNA is seen. Viral load 
couldd be used to identify patients at risk for MCD and as a marker for treatment 
response. . 
Thiss study focused on HHV8 viremia in a MCD patient at peak viral DNA level 
andd during treatment, where HHV8 viremia is defined as the detection of cell-free 
virus.. To study viremia a gel fractionation method was used. The DNA isolated 
fromm plasma samples was fractionated by size via gel electrophoresis and the 
HHV88 DNA levels were measured by a real-time quantitative TaqMan assay. 
HHV88 DNA, using material from a MCD patient, was mostly amplified from 
fragmentss with a small molecular size, indicating that even the sample taken at 
thee height of the viral load contained mostly fragmented HHV8 DNA. Only a 
smalll  amount of the HHV8 DNA was amplified from large fragments 
representingg whole virus. The samples taken after treatment, when the HHV8 
DNAA load decreased, contained virtually only small fragments of HHV8 DNA. 
Overalll  the HHV8 DNA was found to be highly fragmented in the plasma 
sampless of the MCD patient, indicating that HHV8 DNA in plasma does not 
necessarilyy reflect the amount of cell-free virus. The majority of the HHV8 DNA 
foundd in plasma is most likely not virion-associated. 

Introductio n n 

Inn 1994 Kaposi's sarcoma associated herpesvirus (KSHV) or human herpesvirus-8 
(HHV8)) was found by Chang et al in AIDS-associated Kaposi's sarcoma (KS) 1. 
Sincee the first description of HHV8 strong evidence suggests that it is the 
causativee agent of KS 2, primary effusion lymphoma (PEL) 3 and multicentric 
Castlemann disease (MCD) 4. 
Thee detection of HHV8 DNA in the peripheral blood is associated with an 
increasee risk of disease development and progression to KS 5'6. The rate of HHV8 
positivityy in PBMC has been associated with disease activity in the Mediterranean 
KSS 7 and a relationship between the HHV8 load and the clinical stage has been 
foundd in advanced KS by Campbell et al  8<9. With HHV8 associated MCD it has 
beenn shown that clinical symptoms of MCD are associated with a high HHV8 
loadd 10, and treatment response is associated with a decline in HHV8 load n . 
Subsequentlyy HHV8 viral load could be helpful in diagnosis and measuring 
treatmentt response. 
Detectionn of herpesvirus DNA in leukocytes could possibly represent latent 
infection,, while detectable DNA in serum or plasma is usually associated with 
disease:: This is seen for other herpes viruses such as Epstein-Barr virus, 
Cytomegaloviruss and human herpes virus 6 m 4 . HHV8 viral load has been 
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associatedd with clinical outcome in both KS and MCD, whereby a decrease in 
virall  load measured in blood was linked to a favourable outcome 15"18, and an 
increasee in HHV8 viral load with aggravation of clinical symptoms n<i9-20. 
Too study cell-free HHV8 we chose plasma samples from a HIV-1 negative HHV8 
positivee MCD patient 21 who was admitted to hospital with a HHV8 infection. 
Thee patient showed prolonged clinical symptoms and was unable to clear the 
virall  infection. The HHV8 viral load that is associated with the presence of clinical 
symptomss of MCD, is higher than compared to what is observed in patients with 
activee KS 10. During clinical attacks of MCD the high HHV8 load suggest a burst 
off  circulating HHV8 positive cells or active replication of the virus. Combined 
thesee observations led us to expect HHV8 viremia in the blood. A good method to 
studyy cell-free HHV8 DNA is to study the size distribution of the isolated viral 
DNA,, showing that the majority of the viral DNA is virion associated. The HHV8 
DNAA isolated from clinical specimens was fractionated by agarose gel 
electrophoresiss in the presence of a DNA molecular size marker, with large 
fragmentss in the top of the gel representing whole virus and finding the more 
fragmentedd DNA at the bottom. The gel was cut into slices and the slices were 
isolated.. Then, for each slice the amount of HHV8 DNA was determined by real-
timee quantitative PCR (TaqMan)22. HHV8 DNA isolated from JSC-1 cells 23 was 
usedd to study and compare the size distribution of intact viral DNA vs. HHV8 
DNAA isolated from clinical samples. 
Althoughh some of the HHV8 DNA was amplified from large fragments, in this 
studyy we found that the majority of the HHV8 DNA was highly fragmented, even 
att the peak of the HHV8 load. Even though response to therapy is correlated with 
thee decline in HHV8 DNA load, the HHV8 DNA in plasma probably did not 
representt cell-free virus. 

Material ss and Methods 

PatientPatient specimens. During the peak levels of HHV8 mostly virion-associated virus 
iss expected, but in case the HHV8 DNA is in an unprotected form, it could be 
vulnerablee to degradation by DNases present in serum. Therefore this study 
focusedd on HHV8 isolated from EDTA anticoagulated plasma samples. The 
copiess measured in EDTA-plasma are an accurate measure of copies present in 
vivoo as there is no further degradation of DNA in plasma because the DNases 
presentt are prevented from working by the presence of EDTA. The samples were 
obtainedd form one MCD patient who has been previously described elsewhere 21. 
AA 38-year old homosexual, HIV-negative Dutch male was admitted feeling il l for 
severall  weeks. He had been taking cyclosporin A (Neoral) for the past 17 years 
forr a minimal change nephropathy. The clinical diagnosis was MCD and KS in a 
long-termm immunocompromised patient. Three plasma samples were obtained 
fromm this patient, counting from the day of admission to hospital at day 17 when 
thee oral KS leasions developed, at day 22 two days after the first caelyx treatment 
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andd at day 33 one day after the second treatment with caelyx. Stored serum 
sampless were retrospectively screened for HHV8 antibodies using a Diavir HHV8 
peptidee mix ELISA (Biotrin International, Dublin, Ireland). 
HHV88 has a large genome of approximately 140 KB and it is inevitable that some 
shearingg of the HHV8 DNA occurred with the purification method that was used. 
Becausee one DNA molecule wil l be bound to several silica particles breakage wil l 
occurr as a result of vigorous vortexing during the wash steps, resulting is a broad 
sizee distribution of DNA fragments 24 and some shearing of the DNA was 
expectedd during the isolation. This was also seen for CMV DNA isolated from 
purifiedd CMV particles using the same method 25. 
HumanHuman herpesvirus-8 DNA. To study the behaviour of intact viral DNA, HHV8 
DNAA from the cell-line JSC-1 was used 23. The cells were washed after culturing 
andd put in a lysisbuffer (1*105 cells/ml L6). 
DNADNA purification and fractionation. The purification and fractionation of DNA was 
donee as described by Boom et al  25. Aliqouts of 150 ul of plasma, serum or 5xl03 

JSC-11 cell equivalents were lysed in a guanidinum thiocyanate buffer and nucleic 
acidd was bound to silica particle, followed by washing and eventual elution in 50 
ull  TE buffer (10mMTris-HCl, ImM EDTA, pH 8.0) 24. The isolated DNA was 
electrophoresedd through horizontal 1% agarose (Agarose MP; Roche Diagnostics 
Corp.,, Mannhein Germany) slab gels (5 to 10 V/cm). The equivalent of 75 ul of 
plasma,, serum or 2.5><103 cell equivalents were loaded onto the gel in the 
presencee if lug of lambda DNA (Hindll l digested; Gibco BRL) and 4 ug of a 100-
bpp ladder (Gibco BRL). After electrophoresis the gel was cut into approximately 
222 slices (2*5*5 nwn) of decreasing molecular size. For DNA purification each 
agarosee slice was dissolved in 900 p.1 L6 for 30 min at 37°C in an Eppendorf 
Thermomixerr rotating at 800 rpm. Next 20 ul of silica particles were added and 
thee DNA was isolated after a 10 min binding step at room temperature as 
describedd previously 24. The DNA was eluted in 50 jul TE buffer, and 10 ul was 
usedd for quantitative PCR. In addition, 15 ul of DNA was electrophoresed again 
andd visualised under UV illumination to correlate slices with DNA fragment size. 
TaqMan.TaqMan. Quantitation of HHV8 DNA was done as described previously 22. Both 
thee initial clinical sample and the DNA purified from the slices were measured in 
onee real-time quantitative PCR. The quantification of human p actin DNA was 
donee with TaqMan p actin primers and probe according to the manufacturers 
instructionss (Perkin Elmer Applied Biosystems). 
Control.Control. PhHV, a seal herpesvirus, in lysisbuffer was added to the serum and 
plasmaa samples prior to the addition of silica. For the experiments with the JSC-1 
cellss we used p actin as a control. PhHV and p actin controls were used to verify 
thee isolation procedure and the gel slicing efficiency. The results showed no 
significantt sample loss. The P actin was also used to study the size distribution of 
genomicc DNA of the JSC-1 cells. 
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Results s 

AA 38-year old homosexual, HIV-negative Dutch male was admitted after feeling 
il ll  for several weeks. He had been taking cyclosporin A (Neoral) for the past 17 
yearss for a minimal change nephropathy. The clinical syndrome supported by the 
histologicall  findings correlated best with MCD and KS in a long-term 
immunocompromisedd patient. The patient developed oral KS lesions, and a KS 
lesionn under the right eye. HHV8 DNA load in serum/plasma was determined by 
real-timee PCR and was 9.00xl05 copies/ml at the time of admission and had risen 
too 6.30xl06 copies/ml at the time of development of oral KS. Serological testing 
showedd the patient to be HHV8 IgG antibody-positive with very high titres at 
presentation,, all subsequent serum samples were also HHV8 antibody-positive 
(resultss not shown). The patient received chemotherapy with liposomal 
doxorubicinn and both symptoms of multicentric Castleman's disease and 
Kaposi'ss sarcoma were resolved. A simultaneous decline in the HHV8 viral load 
inn serum/plasma, as determined by a quantitative real-time PCR assay, was 
observedd (figure 1). Before treatment the patient was unable to clear HHV8 and 
thee viral load continued to rise. After receiving chemotherapy, there was a clear 
correlationn between clinical response to therapy and a decline in HHV8 load. 
Therefore,, viremia was expected before treatment. This study was designed to 
analysee cell-free HHV8 of this MCD patient. 

HHV-88 DNA load MCD patient 

- * -- HHV- 8 load 

.. caelyx treatment 

detectionn limit 

100 20 30 40 50 60 

dayss since admission to hospital 

70 0 

Figuree 1: HHV8 DNA load of consecutive serum/plasma samples from a MCD patient measured with real-time 
PCR.. Arrows indicate the chemotherapy courses. The samples 1-3 were plasma samples and sample 0 was a serum 
sample. . 

IntactIntact HHV8 DNA. The behaviour of intact HHV8 genome was studies using the 
TSC-11 cell line with integrated HHV8. HHV8 DNA was isolated from JSC-1 cells 
andd fractionated by size with gel electrophoresis. Next the gel was sliced and the 
amountt of HHV8 DNA and the copies of p actin per slice were measured. Figure 
22 shows the size distribution of JSC-1 DNA; the copies of HHV8 DNA and p actin 
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DNAA per agarose slice, and the length of the DNA fragments from which the 
DNAA was amplified. The majority of the HHV8 fragments are larger than 2000 
bp,, although some of the DNA was fractionated by the extraction method. The 
sizee distribution of p actin correlated well with the size distribution of HHV8. The 
amountt of HHV8 and p actin DNA recovered from the gel related well with the 
amountt applied on gel (both -20%). 

JSC-1HHV-8DNA A 

2000 0 10000 0 

1500--

<< = 
o's s 
°PP CQ. 
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1000 0 

II  JSC-1HHV-8DNA 

\\ cps beta actin 

-*>—— fragment length 

00 2 4 6 100 12 14 16 18 20 

slicee no 

Figuree 2: Size distribution of HHV8 DNA and p actin targets for DNA isolated from JSC-1 cells. Slice 0 represents the 
slott in the agarose gel. The solid bars indicate the number of HHV8 copies and the striped bars indicated the number 
off  p actin copies found per agarose slice. The lines represent the length of the DNA fragments from which HHV8 
DNAA was amplified. 

HHV8HHV8 DNA in clinical specimens. Next we tested four samples from the MCD 
patient.. Figure 2 shows the sampling time points in relation to the HHV8 load 
andd the time of treatment with caelyx. 
Samplee 1 was taken at day 17 after admission, at the time the HHV8 load was 
2.6xl066 copies HHV8 DNA/ml plasma and the patient developed oral KS lesions; 
samplee 2 was taken at day 22 (load 1.4><106 copies HHV8 DNA/ml plasma), two 
dayss after the first HHV8 treatment and sample 3 was taken at day 33 (1.7><105 

copiess HHV8 DNA/ml plasma), one day after the second caelyx medication. 
DNAA was isolated from the samples, fractionated by size, and the copies of HHV8 
DNAA per slice were determined. Samples 1-3 were all EDTA-plasma sample and 
thee size distribution is shown in figure 3. There is a major difference in the size 
distributionn seen in the plasma DNA than the one observed for intact HHV8 
DNA.. Sample 1 and 2 contained some large fragments but the majority was found 
inn the slices with DNA fragments of less than 2000bp. Sample 3 contained 
virtuallyy only small fragments of HHV8 DNA and no large size HHV8 DNA. 
Overall,, the majority of the HHV8 DNA targets were small (<2000bp). These 
observationss indicate that plasma HHV8 DNA was highly fragmented. 
Thee first sample contained more large fragments compared to the second sample 
takenn two days after the first treatment. More fragmentation is seen, as the HHV8 
loadd declines. In the third sample that is taken after the second treatment no large 
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DNAA fragments are found. As the patient responds to therapy, the overall HHV8 
DNAA load goes down and there is more fragmentation of HHV8 DNA in plasma. 

plasmaa DNA 
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Figur ee 3: Size distribution of HHV8 DNA targets in serum samples from a MCD patient. Slice 0 represents the slot in 
thee agarose gel. The bars indicate the number of HHV8 copies found per agarose slice. The lines represent the length 
off  the DNA fragments from which HHV8 DNA was amplified. 

Discussion n 

Inn this study cell-free HHV8 DNA isolated from a MCD patient is examined. First 
thee behaviour of intact HHV8 isolated from JSC-1 cell-line was shown to follow 
thee same pattern as p actin; the majority of fragments are larger than 2000 bp. The 
amountss of target DNA applied on the gel were in good accordance with the total 
amountt recovered from the gel slices, indicating that no PCR targets were 
destroyedd during DNA extraction from the slices. Next the size distribution of 
HHV88 DNA was studied in samples of a MCD patient. The patient was already 
seropositivee for HHV8 at admittance, and the timing between virus replication 
andd the appearance of antibodies varies from 3 to 6 months 26-27, similar to that of 
otherr primary viral infections, such as HHV6 28. This indicates that the patient 
probablyy did not suffer from a primary infection but probably a reactivation of 
HHV88 replication or a superinfection. The patient was not able to clear the HHV8 
infectionn after being il l for a few weeks and with the continuous clinical 
symptomss HHV8 viremia was expected. In the first plasma sample HHV8 was 
amplifiedd from mostly small fragments of DNA. DNA isolated from samples 
takenn later on in the infection was even more fragmented. The samples that we 
testedd were taken 17 days after admission and onwards, and maybe earlier 
sampless did contain more non-fragmented HHV8 DNA. Therefore, the first 
samplee that was available, taken at admission, was also tested; however, sample 0 
wass a serum sample and contained only fragmented DNA (data not shown). 
Becausee serum contains DNases, further degradation of DNA is possible after 
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storage.. This could explain the further degradation of the HHV8 DNA in this 
sample.. Therefore, we focused on the size distribution of HHV8 DNA in plasma 
onlyy in this manuscript, as the levels of DNA as present in vivo were fixed at the 
timee of venipuncture for EDTA anticoagulated whole blood and the 
correspondingg plasma. No degradation of DNA was seen during storage of 
EDTAA anti-coagulated blood of up to at least 48h25. 
Lookingg at the distribution of the HHV8 DNA there is a large difference in the 
sizee pattern of integrated HHV8 DNA from JSC-1 cells compared to HHV8 DNA 
inn plasma. The plasma samples of the MCD patient contained even at peak viral 
loadd mostly fragments of less than 2000 bp, although some larger fragments were 
detected.. Looking at the clinical presentation and the HHV8 load of this patient 
wee had postulated that the HHV8 DNA represented cell-free virus, and for it to 
behavee in a similar manner to the HHV8 DNA isolated from the cell-line. 
Afterr first treatment with caelyx the patient responded with a decrease in load 
fromm 2.6xl06 to 1.4xl06 cps HHV8 DNA / ml plasma. HHV8 viral load 
measurementss are indicative of effectiveness of therapy in HHV8-associated 
MCD.. The effect of the treatment is seen as there is more fragmentation compared 
too first sample, even though this is not a large difference in load. As the patient 
respondss to the therapy the HHV8 load declines. After two treatments of caelyx 
onlyy small fragments are found in the plasma samples. Because of the major 
differencee in size distribution pattern between the one seen for the JSC-1 cells and 
thee one observed with the plasma samples it can be concluded that the DNA 
purificationn method did not significantly contribute to the fragmentation of 
HHV88 in plasma. 
Therefore,, the finding that the HHV8 DNA is fragmented results in the 
suggestionn that the measured HHV8 DNA load does not completely represent 
infectiouss virus, but also fragments of HHV8 DNA. This may be due to an 
immunee response where HHV8 infected cells are lysed or to leakage of HHV8 
fromm infected plasmablasts. The exact nature of CMV DNA in serum and plasma 
hass been studied by comparing the size distribution of purified CMV and CMV 
DNAA isolated from plasma and serum samples. CMV DNA in plasma and serum 
off  transplant patients was found to be highly fragmented and did not necessarily 
reflectt the amount of infectious virus 25. As CMV and HHV8 are both 
herpesvirusess it may well be that HHV8 behaves in a similar manner. 
Thiss study only examined plasma samples from one patient and more research is 
neededd to examine the size distribution of HHV8 DNA in the different clinical 
samplee for both MCD and KS patients. However this study is the first to indicate 
thatt the HHV8 DNA in plasma may not represent cell-free virus but is highly 
fragmented.. Even though there is a correlation between the HHV8 DNA load and 
thee clinical symptoms and response to therapy, the HHV8 DNA in plasma 
probablyy only partially originate from cell-free virus. 
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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. 

HHV 88 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. 

HHV 88 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. 

HHV 88 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 K S 
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. 

Futur ee 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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Thee studies presented in this thesis were aimed at gaining more insight into 
Humann herpesvirus 8 (HHV8), specifically the detection and quantification of the 
viruss and its clinical relevance. Chapter  1 is a general introduction on HHV8 and 
Kaposi'ss sarcoma (KS). In chapter  2 and 3 the development and use of four real-
timee quantification assays for HHV8 RNA are described. With these assays we 
showw that there is both latent and lytic viral RNA present in both the lesions and 
thee PBMCs of KS patients. The lesions were positive for two or more of the target 
RNAss measured, whereas in the PBMCs littl e or no RNA expression was 
measured.. There may be a relationship between the level of expression of HHV8 
andd the stages of KS development but our study did not clarify this. Although 
virall  RNA was detected in PBMC and in the lesions indicating that active viral 
replicationn takes place in both the lesions and the PBMCs, no clear trend could be 
foundd and the relevance of the different genes remains unclear. 
HHV88 DNA cannot consistently be found in the blood of KS patients. However, it 
iss more frequently found in patients progressing to KS and in KS patients, 
comparedd to HHV8 seropositive patients who do not develop. This suggests that 
att a certain time point, the level of viremia might be indicative of KS 
development,, and that detection of HHV8 DNA could be of clinical importance. 
Too test whether HHV8 viremia may be a predictor in the development of KS we 
developedd a real-time quantitative PCR (chapter  4). The purpose of this assay 
wass to be able to detect and quantify HHV8 DNA in clinical samples. With 
measuringg viral load in clinical samples, the question of which sample type is 
preferredd is unclear. Using this assay, we show that there is no significant 
differencee in viral load in either serum or plasma of KS patients. However, more 
PCRR inhibiting factors were seen in plasma, and serum was concluded to be the 
preferredd sample type. 
Nextt we studied HHV8 viremia as a possible predictor of AIDS-KS and as 
measuree of disease progression. The cell-free HHV8 DNA load was measured in 
serumm of AIDS-KS patients before and after KS diagnosis (chapter  5). As HHV8 
DNAA is more often found in patients subsequently progressing towards KS, it 
couldd be speculated that at some time before KS development, a rise in HHV8 
virall  copies in serum or plasma could be indicative of viremia and the onset KS. 
Att the start of our studies, we hoped to find a correlation between high HHV8 
DNAA load and the development of AIDS-KS. However, we observed that total 
numberr of HHV8 copies fluctuated over time. The viral load was not predictive 
forr KS development. 
Althoughh HHV8 is now considered to be the necessary etiological agent of all 
variantss of KS, more factors seems to determine if KS develops in infected 
individuals.. A role may be a genetic difference between the patients. In chapter  6 
aa polymorphism of IL-8 is studied as a possible risk factor for the development of 
KS.. IL-8 was shown to be an autocrine growth factor for KS, and it fulfil s a 
prominentt role in tumor angiogenesis and varies cancers whereby higher IL-8 
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expressionn correlates with poor prognosis. An IL-8 -251 A/ T polymorphism SNP 
correlatess with differential IL-8 production. We found that individuals 
homozygouss for T at this promoter position, which are presumably low IL-8 
producers,, were partially protected from disease, and experience less severe 
diseasee symptoms. 
Anotherr cofactor in the development of KS may be an interaction of HHV8 with 
otherr viruses. Interactions between several herpesviruses have been described, 
mostlyy interactions of CMV with other herpesviruses such as EBV, HHV6 and 
HHV7.. An in vitro study showed activation of HHV8 lytic replication by CMV. If 
thiss activation is also seen in vivo, CMV might be an augmenting cofactor in KS 
development.. In a population study we assessed if CMV prevalence or load is a 
riskk factor in the development of AIDS-KS (chapter  7). We found that the 
prevalencee and the load of CMV DNA were similar in patients with and without 
KSS and not related to KS. The variable most strongly related to having KS was the 
presencee of HHV8 DNA in PBMG Although CMV actives HHV8 in vitro, no 
evidencee for in vivo activation of HHV8 was found. 
Earlierr the HHV8 viral load has been associated with clinical outcome in both KS 
andd MCD, whereby a decrease in viral load measured in blood was linked to a 
favourablee outcome, and an increase in HHV8 viral load with exacerbations in 
clinicall  symptoms. We did not find a correlation between viral load and the onset 
off  KS in chapter 5. However, with HHV8 positive Castleman's disease, a 
correlationn was found between the clinical symptoms and the detection of HHV8. 
Chapterr  8 describes a case study where, during clinical symptoms, a very high 
virall  load in serum and plasma was found. After treatment the clinical symptoms 
subsidee and the viral load declines. A clear correlation is seen between the viral 
loadd and progression of disease. This indicates that HHV8 viral load 
measurementss can be used to monitor effectiveness of therapy in HHV8 
associatedd MCD. 
Whenn looking more closely at the viral DNA in the plasma samples in chapter  9, 
wee found that the viral DNA is highly fragmented in plasma samples of the MCD 
patients,, even at high viral load. This was not expected, considering the clear 
correlationn found between treatment response and viral load. Overall the HHV8 
DNAA was found to be highly fragmented in the plasma samples of the MCD 
patient,, indicating that HHV8 DNA in plasma does not necessarily reflect the 
amountt of cell-free virus. The majority of the HHV8 DNA found in plasma is 
mostt likely not virion-associated. Even though there is a correlation between 
HHV88 DNA load and the clinical symptoms and response to therapy, the HHV8 
DNAA in plasma probably only partially originate from cell-free virus. 
Inn chapter  10 the results of the studies in this thesis are discussed. The precise role 
HHV88 plays in the development of KS is still unclear. We did not find a 
correlationn between HHV8 load and the onset of KS. Other factors such as genetic 
factors,, concurrent infectious and environmental pathogens, and possibly 
molecularr variants of HHV8 are probably important for establishment of HHV8 
associatedd diseases. 
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Dee studies die in dit proefschrift zijn samengevat waren bedoeld om meer inzicht 
tee krijgen in Humaan herpesvirus 8 (HHV8), en specifiek de detectie en meeting 
vann het virus en de klinische relevantie daarvan. Hoofdstuk 1 is een algemene 
inleidingg over HHV8 en Kaposi's sarcoma (KS). In hoofdstuk 2 en 3 is de 
ontwikkelingg en het gebruik beschreven van vier real-time kwantitatieve testen 
voorr RNA van HHV8. Met deze testen laten we zien dat zowel latent als lytisch 
viraall  RNA aanwezig is in de laesies en in de bloedcellen van patiënten met KS. 
Dee laesies waren positief voor twee of meer van de geteste RNA's, in 
tegenstellingg tot de bloedcellen waarin weinig of geen RNA expressie gemeten 
was.. Misschien is er een relatie tussen het niveau van expressie van HHV8 RNA 
enn het stadium van de ontwikkeling van KS, maar onze studie heeft dat niet 
opgehelderd.. Viraal RNA is gemeten in zowel de bloedcellen als de laesies en dit 
duitt op actieve replicatie van het virus in de laesies en in de bloedcellen. Maar een 
duidelijkee trend is niet gevonden en de relevantie van de verschillende genen 
blijf tt onduidelijk. 
HHV88 DNA is niet voortdurend te detecteren in het bloed van KS patiënten. 
Maarr in vergelijking met HHV8 seropositieve patiënten die geen KS ontwikkelen, 
iss HHV8 vaker gevonden in KS patiënten en het is vaker aanwezig in het bloed 
vann patiënten met KS of in patiënten die later KS ontwikkelen. Dit suggereert dat 
opp een bepaald moment het aantal virus-deeltjes dat aanwezig is een indicatie 
kunnenn geven over de ontwikkeling van KS. Daarin zou de detectie van HHV8 
DNAA klinisch van belang kunnen zijn. 
Omm te kijken of HHV8 viremie een mogelijke voorspeller is in de ontwikkeling 
vann KS, hebben we een real-time kwantitatieve FCR ontwikkeld (hoofdstuk 4). 
Dezee test is ontwikkeld om in staat te zijn HHV8 te kunnen detecteren en 
kwantificerenn in klinische monsters. Bij het meten van virale load in deze 
monsterss is het onduidelijk welk sampletype de voorkeur geniet. Met behulp van 
dezee test laten we zien dat er geen significant verschil is in virale load in plasma 
off  serum van KS patiënten. Maar in plasma zijn wel meer verstorende factoren 
gevonden,, en daarom is serum de eerste keus als monster type. 
Vervolgenss hebben we HHV8 viremia getest als mogelijke voorspeller van AIDS-
KSS en als maatstaf voor de voortgang van ziekte. De celvrije virale load is 
gemetenn in serum van patiënten met AIDS-KS, voor en na de KS diagnose 
(hoofdstukk 5). Omdat HHV8 DNA vaker is te detecteren in patiënten die KS 
ontwikkelen,, zou je kunnen speculeren dat een toename in viraal DNA in serum 
off  plasma op een bepaald tijdstip voor de ontwikkeling van KS zou kunnen 
wijzenn op viremie en op het begin van KS. Bij de start van deze studie hoopten we 
eenn correlatie te vinden tussen een hoge HHV8 DNA load en de ontwikkeling 
vann AIDS-KS. Maar we zagen dat het totale aantal HHV8 kopieën fluctueert 
gedurendee de tijd. De virale load was niet voorspellend voor de ontwikkeling van 
KS. . 
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Hoewell  HHV8 nu gezien wordt als de noodzakelijke etiologische oorzaak voor 
allee varianten van KS, lijken meer factoren te bepalen of men KS ontwikkeld. De 
genetischee verschillen tussen de patiënten zou een rol kunnen spelen. Een 
polymorphismee van IL-8 is bestudeerd in hoofdstuk 6 als een mogelijke 
risicofactorr in het ontwikkelen van KS. Het is aangetoond dat IL-8 een autokrine 
groeifactorr is voor KS, en het vervult een prominente rol in angiogenese van 
tumorenn en verschillende kankers, waarbij een hogere IL-8 expressie gecorreleerd 
iss aan ene slechte prognose. Een IL-8 -251 A/ T polymorphism SNP is 
gecorreleerdd met verschillende IL-8 productie. Individuen die homozygoot voor 
TT zijn op deze site produceren waarschijnlijk minder IL-8. In onze studie zagen 
wee dat deze groep gedeeltelijk beschermd is tegen de ziekte en minder ernstige 
symptomenn ondervindt. 
Eenn andere factor in de ontwikkeling van KS zou een interactie tussen HHV8 en 
anderee virussen kunnen zijn. Interacties tussen verschillende herpesvirussen zijn 
beschreven,, meestal interacties van CMV met andere herpesvirussen zoals EBV, 
HHV66 en HHV7. Een in vitro studie heeft laten zien dat CMV lytische replicatie 
vann HHV8 activeert. Als deze activering ook te zien is in vivo, dan zou CMV een 
verergerendee cofactor kunnen zijn in de ontwikkeling van KS. In een 
populatiestudiee hebben we bekeken of de prevalentie van CMV of de load een 
risicofactorr is in de ontwikkeling van AIDS-KS (hoofdstuk 7). De prevalentie en 
dee load van CMV waren vergelijkbaar in zowel de patiënten met als zonder KS. 
Dee variabele die het sterkst gecorreleerd is aan KS was de prevalentie van HHV8 
inn de PBMCs. Hoewel CMV HHV8 activeert in vitro, is er geen bewijs gevonden 
voorr een in vivo activering van HHV8. 
Eerderr is de virale load van HHV8 geassocieerd met de klinische uitkomst in 
zowell  KS als MCD, waarbij een afname in viral load gemeten in bloed is 
verbondenn met een gunstig verloop, en een toename in virale load in een 
verergeringg van de klinische symptomen. In hoofdstuk 5 hebben we geen 
correlatiee gevonden tussen virale load en het ontwikkelen van KS. Maar een 
correlatiee tussen load en symptomen is wel gevonden bij HHV8 positieve 
Castleman'ss ziekte. Hoofdstuk 8 beschrijft een case studie waar, tijdens klinische 
symptomen,, een zeer hoge virale load in serum en plasma is gemeten. Na 
behandelingg verminderde de klinische symptomen en de virale load nam af. Een 
duidelijkee correlatie is te zien tussen virale load en het verloop van de ziekte. Dit 
wijstt erop dat HHV8 load bepalingen gebruikt kunnen worden om de effectiviteit 
tee meten van behandeling bij HHV8 geassocieerde MCD. 
Hett virale DNA in de plasma monsters uit hoofdstuk 8 is in meer detail 
bestudeerdd in hoofdstuk 9. Het virale DNA was zeer gefragmenteerd is in de 
plasmaa monsters van de MCD patiënt, zelfs bij zeer hoge virale load. Dit was niet 
verwacht,, vanwege de duidelijke correlatie die was geobserveerd tussen de 
effectiviteitt van de behandeling en de virale load. Over het algemeen was HHV8 
DNAA zeer gefragmenteerd in het plasma monsters van de MCD patiënt, dit laat 
zienn dat HHV8 DNA in plasma niet noodzakelijk de hoeveelheid celvrij virus 
weergeeft.. De meerderheid van het HHV8 DNA in plasma is waarschijnlijk niet 
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virionn geassocieerd. Hoewel er een correlatie is tussen de HHV8 DNA load en de 
klinischee symptomen en een reactie op therapie, is het HHV8 DNA in plasma 
slechtss voor een deel afkomstig van celvrij virus. 
Inn hoofdstuk 10 zijn de resultaten van de studies uit dit proefschrift beschreven. 
Dee exacte rol van HHV8 in de ontwikkeling van KS is nog steeds onduidelijk. We 
hebbenn geen correlatie gevonden tussen HHV8 load en het begin van KS. Andere 
factorenn zoals genetische factoren, gelijktijdige infecties en milieufactoren, en 
mogelijkk moleculaire varianten van HHV8 zijn waarschijnlijk van belang voor het 
ontwikkelenn van HHV8 geassocieerde ziekten. 
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Naa mijn studie riep ik heel hard dat ik nooit zou gaan promoveren, en nu ligt hier 
dann toch een proefschrift van mijn hand 
Ikk wil dan ook graag iedereen die bijgedragen heeft aan de totstandkoming van 
ditt boekje bedanken. 
Allereerstt mijn promotor Jaap Goudsmit. Beste Jaap, jij haalde mij over om tóch te 
gaann promoveren en daar wil ik je voor bedanken. Ik ben erg blij , dat je mij de 
kanss hebt gegeven. Zie hier het resultaat. 
Dee hooggeleerde heren Berkhout, Lange, van Oers, van der Poll en Speelman en 
dee weledelzeergeleerde heer Weverling dank ik voor hun bereidheid om zitting 
tee nemen in de beoordelingscommissie van mijn proefschrift. 
Marion,, met jou als copromotor heb ik het heel erg getroffen. Als ik weer eens te 
kortt door de bocht dreigde te gaan, stuurde je mij, met jouw heldere kijk, weer in 
dee goede richting. Ik heb altijd erg veel plezier gehad in onze samenwerking. 
Tonjaa en Fokla, ook met julli e heb ik altijd met heel veel plezier gewerkt, op alle 
locaties.. Bedankt voor de gezellige werksfeer en de hulp met de manuscripten en 
opp het lab. Remco, op dag 1 hadden we al de slappe lach over Ab Fab en dat is 
daarnaa niet verandert. Heel erg bedankt voor de hulp op het lab, de gezelligheid 
enn uiteraard dat jij mijn paranimf wil zijn. 
Margreet,, dank je wel voor het uitzoeken van al die patiëntensamples voor de 
verschillendee studies en "de kliniek", bedankt, voor het uitvullen van mijn vele 
monsterverzoeken.. En natuurlijk bedank ik alle andere collega's van de 
afdelingenn Humane Retrovirologie, oud Twin I en Primagen voor de lol, hulp en 
gezelligheid. . 

Naastt mijn collega's zijn ook familie (in de ruimste zin van het woord) en 
vriendenn onmisbaar geweest. Mij n ouders en mijn zusje Henkie in het bijzonder 
voorr de onvoorwaardelijke steun en vertrouwen in mij. Ik ben erg gelukkig met 
jullie. . 

Enn dan tot slot Arjen. "Jij bent ook best wel leuk" zegt toch echt niet genoeg. Jouw 
grenzelooss vertrouwen in mij en al je hulp zijn onmisbaar geweest. Jij bent mijn 
held. . 

Enn laat ik dan nu maar roepen, dat ik nooit rijk en beroemd wordt! 

Abeltje e 

143 3 



Curriculumm vitae 

Curriculumm Vitae 

Abeltjee Mette Polstra is geboren op 27 april 1973 in Amsterdam. Na het behalen 
vann haar gymnasium diploma aan het Vossius Gymnasium te Amsterdam, 
studeerdee zij Scheikunde aan de Rijksuniversiteit van Groningen. Zij studeerde af 
inn 1997 met als afstudeerrichting Biochemie. 
Inn 1999 is zij begonnen met haar promotieonderzoek bij de vakgroep Humane 
Retrovirologiee op het Academisch Medisch Centrum van de Universiteit van 
Amsterdam.. De resultaten hiervan zijn beschreven in dit proefschrift. 

144 4 



Stellingenn behorende bij het proefschrift 
"Humann herpesvirus 8: virology and disease" 

1.. Aanwezigheid van HHV8 DNA in bloed, heeft geen 
voorspellendee waarde voor het optreden van Kaposi's 
sarcoma. . 

2.. Cytomegalovirus activeert HHV8 niet in vivo. 

3.. De genetische opmaak van de patiënt is van invloed op het 
optredenn en de ontwikkeling van Kaposi's sarcoma. 

4.. Het optreden van ziekte is een ongelukkige bijwerking van 
infectiee met een herpesvirus. (E. Cesarman, N Eng J Med 
20033 349:1107-9) 

5.. HHV8 wordt niet overgedragen via bloed. 

6.. Een klein experiment verstoort vaak veel theorieën. 
(Cadman) ) 

7.. De maatschappij is meer gediend bij een "make me smart" 
dann bij een "make me beautiful". 

8.. Stellingen zijn net auto's, fine-tuning blijf t nodig. 

9.. Vandaag is gisteren al weer retro. 

10.. Aanspraak kunnen maken op 3 jokers en een hulplijn zou 
promoverenn een stuk aantrekkelijker maken. 
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