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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. 

90 0 



CMVV not a cofactor in Kaposi's sarcoma 

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 
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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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