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Chapterr 2 

Developmentt  of real-time NASBA assays with 
molecularr  beacon detection to quantify mRNA 
codingg for  HHV8 lyti c and latent genes 
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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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Chapterr 2 

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. 
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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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