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Latentt  and lyti c HHV8 mRNA expression in 
PBMCss and Kaposi's sarcoma skin biopsies of 
AID SS Kaposi's sarcoma patients 
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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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