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Abstract

The link between human herpesvirus 8 (KSHV) and Kaposi’s Sarcoma (KS) has been proven, but
many important aspects including risk factors, genetic predisposition to tumor development,
transmission of KHSV, and the pathogenic potential of different genotypes remain to be elucidated.

Possible associations between clinical parameters and antibody levels, viral load fluctuations, and
viral genotype were analyzed by quantitative real-time PCR, an in-house developed IFA assay, and
sequence analysis of ORF K1-VRL1 in blood, serum and saliva of 38 subjects with classic KS (cKS).
KHSV lytic antibodies were significantly increased in stage 1V compared to stage | and 11 patients
(p=0.006 and p=0.041, respectively). KHSV blood, serum, and saliva viral load was comparable in
all stages. The highest viral loads were detected in saliva, and they decreased in stage 111-1\VV compared
to stage I-11 patients. Higher concentrations of lytic antibodies and higher viral loads were observed
in fast progressing cKS patients, in whom KHSV detection from blood was also more frequent. Type
A KSHYV strain was almost exclusively present in fast progressors (12/17 cases), while C type was
mainly present in slow progressing patients (6/7 cases). Finally, detection of type A KHSV strain
associated with higher blood viral loads.

KHSV lytic antibody levels and viral load can be used to monitor clinical evolution of cKS. Infection
supported by KHSV A subtype is associated with faster progressing disease. Careful monitoring and
aggressive therapeutic protocols should be considered in patients with KHSV A-supported infection.
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INTRODUCTION

Kaposi’s Sarcoma-Associated Herpesvirus (KHSV), also known as Human Herpesvirus 8
(HHV-8), is a more recent member of the Herpesviridae family (Gammaherpesvirinae
subfamily, Rhadinovirus genus) etiologically associated with all forms (classic, endemic
African, AlDS-associated, iatrogen) of Kaposi’s sarcoma (KS) (Chang et al., 1994). Classic
KS (cKS), the topic of this analysis, is a rare vascular tumor mainly observed in elderly
Mediterranean individuals. The incidence rate of this tumor varies widely in different
geographic areas; in Italy the estimated incidence rate is 0.4/100000 in women and 1/100000
in men (Dal Maso et al., 2005); this rate is higher compared to what is observed in other
European areas. cKS is usually characterized by a slow progression that, nevertheless, can be
abruptly interrupted by relapses, development of new lesions, and complications, such as
lymphedema, ulcerations, superinfections, and, possibly, involvement of internal organs
(gastrointestinal tract, lymph nodes, lungs).

KHSYV infection is necessary, together with other co-factors not yet defined clearly (immune
dysfunction, sex, genetic background) (Guerini et al., 2006), for the development of cKS. Viral
transmission occurs by sexual and non-sexual routes, and KHSV seroprevalence varies in
European general populations with geographical localization (Calabro et al., 1998; Gao et al.,
1996)

Sequence analysis of the highly variable ORF K1 region has allowed the identification of four
main KHSV subtypes (A, B, C, D,)(Zong et al.,1999) that are differently distributed in the
world: KSHV subtype A and C predominate in Europe and USA, while B subtype predominates
in Africa, D is present in the Pacific islands; other recently identified subtypes are E, clusters
in ancient populations, like Brazilian Amerindians (Biggar et al., 2000; Kazaniji et al., 2006),
Z detected in Zambian children (Kasolo et al., 1998) and F identified in Ugandan Bantu tribe
(Kajumbula et al., 2006). It is still unclear whether different genotypes are associated with
diverse rates of disease progression; analogously, the role of viral load, antibody titers and of
other possible surrogate markers on the outcome of KS is still under discussion.

In an attempt to clarify the relative importance of virologic parameters in disesase progression
we compared a number of these parameters in a group of Italian patients affected by classic
KS (cKS).

MATERIALS AND METHODS

Patients

38 histologically-confirmed cKS patients (30 males, 8 female; median age 69 years; range 44—
90) were enrolled in the study. All prior therapies for KS were completed at least two months
before enrolment in the study. Patients were clinically classified in four stages defined as
reported in Table | (Brambilla et al., 2003), considering the type and localization of skin lesions
as well as the presence of complications and visceral involvement. Moreover, all patients were
classified as fast or slow progressors on the basis of clinical parameters (Table I1). After signing
informed consent, peripheral blood, plasma and whole saliva samples were collected for each
patients and stored at —20°C. All patients were HIV-1 seronegative.

Serologic assays

Antibodies against latent and lytic HHV8 antigens were detected using an immunofluorescence
assay (IFA) based on the body-cavity B cell lymphoma (BCBL-1) cell line (Renne et al.,
1996), as described elsewhere (Perna et al., 2000). Antibody titrations were done by twofold
serial dilutions, starting from 1:100. Antibodies against latent antigens showed a specific
granular punctate nuclear fluorescence in 80% of spotted cells; lytic antibodies showed
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cytoplasmic expression in at least 20—30% of cells for each microscopic field. Monoclonal
antibodies to ORF73 (LNA-1), to ORF 59 and ORF K8.1 lytic proteins (Advanced
Biotechnologies Inc., Maryland, USA) were utilized as controls of the specific patterns of
fluorescence.

DNA extraction

DNA extraction from buffy-coat samples was performed by phenol-chloroform extraction,
using standard procedures. The collected DNA, measured with a spectrophotometer, was stored
at —20°C. Nucleic acid extraction was performed from 150 pl serum using Nucleospin virus,
(Macharey-Nagel, Duren, Germany), as previously described (Boldorini etal., 2003), and from
saliva samples from 2 ml using Nucleospin Blood Kit (Macherey—Nagel, Duren, Germany),
according to the manufacturer’s instructions. These Kits utilized silica columns which have a
high binding capacity for nucleic acids in presence of guanidine thiocyanate. All procedures
were carried out under stringent conditions to avoid contamination: each sample was processed
individually; DNA extractions were performed one at time, in a clean, dust-free area with sterile
and disposable materials, with a change of gloves for each sample.

Real-time PCR

KSHV DNA was determined by quantitative real-time PCR using an ABI PRISM 7000 SDS
(Applied Biosystems, Foster City, CA). The primers and the probe were designed using the
Primer express software (Applied Biosystems, Foster City, CA) (Table Il1) to obtain a 74 bp
amplicon on ORF26 region of the viral genome, coding for KHSV minor capsid protein. PCR
amplification was performed in 25 ul reaction mixtures using Tagman Universal Master Mix
(Applied Biosystems), 0.9 mM each primers, 0.2 mM Tagman probe and 250 ng of blood DNA
or 10 ul of DNA extracted from serum or saliva were used as template. Each sample was
analyzed in triplicate: samples that did not yield three positive reactions were repeated in
triplicate and viral load results were given by the mean of the three positive reactions. Each
run contained a negative control, constituted by the reaction mixture without the DNA template.
Viral load was analysed by interpolation of a standard curve obtained from serial dilution of
KHSV quantitated purified viral DNA (Advanced Biotechnologies Inc., Columbia, MD). The
assay was linear from 10 to 107 copies per reaction (dynamic range). The interassay
variability, evaluated by repeating the quantitation of the same positive specimen for 8 times,
was low, with the coefficient of variation less than 20% for viral load ranging from 130 copies/
ml (2.11 logs) to 1.3 x 10° copies/ml (5.11 log1). The specificity was tested using as template
DNA of EBV, (whose genome is very similar to KHSV genome) wich was not amplified in
our assay. The lowest detection limit was 10 copies/reaction, which is equivalent to 40 copies/
ug of DNA extracted from blood, 630 copies/ml of serum and 4000 copies/ml of saliva.

KHSV strains genotyping

Genotype characterization of KHSV strains amplified from different KS patients was based
on sequencing of the viral region ORFKZ1 coding for a transmembrane protein and containing
two hypervariable regions (VR1 and VR2). Amplification was performed by nested PCR
protocol that amplified one fragment of the ORF-K1 variable loop region, VR1 (spanning from
nt. 23 to nt. 445) as previously described (Nascimento et al., 2005). Procedures were carried
out under stringent conditions to avoid contamination; multiple negative and positive samples
were included in each PCR.

To perform nucleotide sequence analysis, 10ng of PCR products were added to a mixture
containing 4ul of Ready Reaction Premix 2.5X, 2ul of BigDye Sequencing (Applied
Biosystems) 5X buffer, 3.2 pmol of either forward or reverse primer, and water up to a final
volume of 20ul. The cycle sequencing was performed using the GeneAmp PCR System 9700
(Applied Biosystems), according to the following protocol: initial denaturation at 96°C for 1°,
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then 25 cycles with a first step at 96°C for 10, a second step at 50°C for 5°” and the last rapid
thermal ramp to 60°C for 4°. In order to purify the extension products, Centrisep columns
(Princetons Separation, Inc, Adelphia) were used, following the manufacturer’s protocol.
Finally, 5 ul of the purified product underwent electrophoresis on an ABI PRISM 310 Genetic
Analyzer (Applied Biosystems). Sequence homology searches were performed using BLAST
at NCBI (USA). The genotype of each samples was determined by comparing its sequence
with those of KHSV prototypes (Zong et al., 1999) obtained from GeneBank. Multiple
sequence alignment were performed using CLUSTALW 1.7 program (Thompson et al.,
1994). Phylogenetic tree was obtained by neighbour-joining (NJ) method, calculating bootstrap
values (100 replica samplings) using ClustalX 2.0 (Thompson et al, 1997) List of references
sequences: AF133038 (Al); AF130305(A2) ; U86667(A3); AF133039(A4); AF178823 (A5);
AF133040 (B1); AF130259(B2); AF133041(C1); AF133042 (C3) ; AF133043 (D1)
AF133044 (D2); AF220292 (E).

Statistical analysis

RESULTS

As data were non distributed normally (Shapiro-Wilk’s test), they are reported as median and
IQR (Inter Quartile Range). Comparisons between groups were performed using the Kruskal-
Wallis ANOVA, and the Mann-Whitney U test for posthoc pair-wise comparisons with
Bonferroni correction for multiple tests. Differences in frequencies were evaluated by means
of Chi-square statistic or Fisher exact test, as appropriate. All tests were two-sided. Analyses
were performed with Statistica for Windows software (StatSoft, Inc. 2004, Tulsa, OK, US.).

Antibody titers, KHSV DNA, and KHSV viral load in cKS patients

Association

A total of thirty-eight cKS patients were enrolled in the study: 10 subjects were classified as
KS stage I, 10 as stage 1, 12 as stage 11l and 6 as stage V. In terms of disease evolution, 29
patients had fast and 9 slow progressing cKS.

Specific antibodies to KHSV latent (anti-LANA) and lytic antigens (anti-lytic) were detected
in 100% of patients. LANA-specific antibody titers (median reciprocal of titres: 3.54 log1g)
were higher than those towards lytic antigens (median titer:3.39 logyg)(Table 1V). Median
levels of LANA antibodies did not differ among the four stages (stage I: 3.8, stage Il: 3, stage
111 3.65, stage IV 3.74), whereas lytic antibodies increased significantly in stage 111 (3.39) and
IV (4.04) compared to stage | and |1 patients (I vs. IV :p= 0.006; Il vs. IV :p=0.041). KHSV
DNA was detected by real-time PCR in 66% of peripheral blood, in 42% of serum and in 58%
of saliva samples. Whereas KHSV DNA was more frequently detected in the blood or serum
of patients with more severe disease, salivary KHSV DNA was more frequently observed in
patients belonging to stage | (70%) than in patients with other stages (60% on stage Il and to
50% in Il and IV stage). None of these differences reach statistical significance.

Viral load was lower in blood (median 2.54 logq copies/ug DNA) and in serum samples
(median value 3.04 loggcopies/ml) compared to the results obtained in saliva (median value
4.94 log, g copies/ml). An increasing trend in KHSV load was observed in blood and in serum
samples of later stages patients (median values in stage I, Il, I, 1V: blood= 1.54, 2.8, 2.75,
2.87; serum= 3.04, 3.55, 3.22, 3.45). Also in this case results obtained in saliva were different.
Thus, KHSV salivary load decreased from stage I (6.97 logg copies/ml) to stage IV (4.08
logyg copies/ml). Again, these differences did not reach statistical significance.

between viro-immunologic and clinical parameters in cKS patients

Higher median value of lythic antigensspecific antibodies were detected in serum of fast
(median 3.48 logy) compared to slow (median 3 log 1g) progressors; KHSV DNA detection
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was also more frequent in blood (72% vs. 44%; p=0.22) and serum (52% vs. 11%; p=0.05) of
these patients.

Finally, higher viral loads were present in blood (median values: 2.9 vs. 1.54 log;gcopies/ug)
and serum (median: 3.18 vs 3.04 logigcopies/ml; p=0.06) of patients with faster disease
progression. Interestingly, though, KHSV viral load was decreased in saliva of faster-compared
to slower-progressing patients (median: 5.83 vs. 4.63 logjgcopies/ml).

of clinical parameters with KHSV genotype

VR-1 PCR products was obtained from 24 /38 cKS subjects . Molecular characterization was
performed by direct sequence analysis of 24 amplicons. Phylogenetic tree obtained from these
sequences by NJ method is shown in Figure 1. KHSV subtypes identification, based on the
classification of Cook et al (1999) and Zong et al (2002), are reported in Table V.

Seventeen strains were analysed in faster-progressing patients: in 12/17 cases (71%) KHSV A
subtype was observed, whereas subtype C was present only in 5/17 (29%) patients. In contrast
with these results, subtype A KHSV was observed in only 1/7 (14%) patients with slower
disease evolution, in whom subtype C was highly prevalent (6/7; 86%). These differences were
statistically significant (Fisher exact test: p= 0.023). Moreover, KSHV blood viral load was
significantly higher in patients infected with an A (median 3.39 logyg copies/ml, IQR 3.16—
3.82) compared to those infected with a C subtype (median 2.5 logq copies/ml, IQR 1.3-3.19)
(Mann- Whitney test, p= 0.0054). These results are presented in Figure 2.

DISCUSSION

Different studies have assessed the association of KHSV viral parameters and KS progression
in HIV-infected patients (Campbell etal., 2000; Pelletetal., 2001), but few reports are available
in patients with classical KS.

In this study immuno-virological analyses were performed in 38 Italian patients with a
diagnosis of classical Kaposi’s sarcoma in order to search possible link with clinical stage and
type of evolution of sarcoma.

KHSV was detected in blood samples of 66% of patients, a result that confirms previous data
(Boneschi et al., 2001; Pellet et al., 2006). Additional results showed that KHSV viral loads
increase in blood and serum samples of patients with more severe disease; detection of KHSV
DNA in blood and serum samples was also more frequent in these patients. No clearcut,
statistically significant association were nevertheless observed between rate of KHSV
detection, KHSV viral load, and clinical stage. These results might be secondary to the low
KHSV copy numbers present in patients with KS or, more simply, to the small number of
patients for each clinical stage and the large dispersion of values around the median. These
data confirm a previous report indicating that associations between KHSV viral load and
disease progression was only possible in HIV coinfected patients (Engels et al., 2003) : a
scenario of profound immunologic damage that facilitates KHSV viral replication. When these
parameters were analyzed based on rate of disease progression a clearer picture nevertheless
emerged. Thus, both KHSV viral load and rate of virus detection from blood differed in patients
with fast disease progression.

Finally, serum titers of KHSV lytic antigens-specific antibodies were significantly increased
both in later stage and in fast progressing patients; these data suggest that lytic viral replication
may occur, probably in other tissue other than blood cells, (where any viral load increase was
observed) leading to increase of Iytic antibody, underlining a possible pivotal role for viral
replication in the natural history of cKS.
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The highest KHSV viral loads were observed in saliva samples; this observation strongly
suggests that oral shedding is an important source of transmission of KHSV, at least in the
classic KS form of disease, and will be interesting to study virus diffusion in families of cKS
patients KHSV detection and KHSV viral loads were higher in saliva of patients in the initial
phase of disease; this trend was specular to what observed in blood and plasma: in these body
fluids KHSV loads augmented in the later stages of disease. These results indicate the KHSV
does compartmentalize, and support previous observations indicating that KHSV preferentially
replicates in the oro-pharingeal tissues (Pauk et al., 2000; Lampinen et al., 2000; Marcelin et
al., 2004; Vieira et al., 1997). This biologic behaviour is seen in other human herpes viruses
as well, and in particular, seems to be shared with the closely related Epstein-Barr virus (EBV)
(Ikuta et al., 2000). In this regard it interesting to observe that the increase of serum lytic
antibodies seen in later stages disease correlated with a decreased salivary KHSV
concentration: it is possible to hypothesize that the high level of lytic antibodies observed in
the later disease stages could reduce the oro-pharingeals lytic KHSV replication.

KHSV A and C subtypes predominate in Italy (Cook et al., 1999; Zong et al., 2002).
Interestingly, the dominant KHSV genotype was different in fast compared to slow progressing
patients; subtype A was significantly more frequently isolated in patients with fast progression;
subtype C prevailed in individuals with slow progression. Moreover, KHSV viral load was
significantly increased in patients in whom subtype A was isolated. KHSV A genotype has
been associated with higher transforming potential and higher aggressiveness (Luppi et al.,
1997; Boralevi et al., 1998; Gazouli et al., 2004); possible correlations between genotype and
KHSV-related pathologies with a different degree of aggressiveness have nevertheless not been
confirmed by all authors (Cook et al., 1999; Lacoste et al., 2000; Kadirova et al., 2003). Our
results support the claim that infection with KHSV A subtype is indeed associated with worst
clinical parameters, including faster disease progression and higher KHSV viral loads.

The sequencing of whole the K1 gene will be an important improvemement of this study, to
evidence intratypic or intertypic recombinant events. Although the limited number of patients
included in sequence analysis will require confirmation by wider studies, our results indicate
the possibility that KHSV strain variability could be associated with different clinical evolution
of cKS. Careful monitoring and aggressive therapeutic protocols should be considered in
patients with KHSV A genotype-supported infection.
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Figure 1.

Radial unrooted phylogenetic tree of 24 partial VR1 DNA sequences (348 bp) obtained from
cKS italian patients. Neighbour joining (NJ) analysis with 100 bootstrap replicas was carried
out including the following KHSV DNA sequences deposited in Genebank : Al: AF133038
A2:AF130305 A3: U86667 Ad: AF133039 A5: AF178823; B1:AF133040; B2: AF130259 C1:
AF133041 C3:AF133042; D1: AF133043 D2: AF133044 ;E:AF220292). Bootstrap values >
70 are shown for support. Sequences highlighted in gray correspond to strain obtained from
patients with slow evolution of cKS. 254x190mm (96 x 96 DPI)
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Figure 2.

KHSV A and C subtypes frequency (%) in cKS patients with slow and fast evolution.
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Table 1
Classical Kaposi’s sarcoma staging (Brambilla et al 2003).

Page 11

Stage Skin lesions Behaviour Evolution Complications”
1) Macular/ nodular Maculae and/or nodules Non aggressive Slow Lymphoedema
Fast Lymphorrea
I1) Infiltrative (+/— V) Plaques Locally aggressive Slow Hemorrhage
Fast Ulceration
111) Florid (+/- V) Angiomatous nodules and Locally aggressive Slow Pain
plaques Fast Functional impairment
1V) Generalized (+/-) Angiomatous nodules and Disseminated aggressive Slow
plaques Fast

v = visceral involvement (pharyngo-oral cavity, gastroenteric tract, lymph nodes, bone marrow, lungs)

Fast = increase in total number of nodules/plaques or in total area of plaques in the three months following an examination

*
All of them prevalent in stage 111 and 1V, lymphedema and lymphorrea often observed in stage 11, lymphedema, ulceration and hemorrage sometimes

present in stage I.
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Demographic and clinical characterization of the patients with classic Kaposi Sarcoma (cKS) enrolled in the study.

Patient number Mean age range M/F
STAGE | 10 62 44-88 5/5
STAGE Il 10 71 56-88 9/1
STAGE 111 12 70 52-90 10/2
STAGE IV 6 73 61-80 6/0
slow evolution 9 64 44-88 6/3
fast evolution 29 70 52-90 24/5
Total cKS 38 69 44-90 30/8
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Table llI
Primers and probes utilized for real-time PCR.
primers nt.* Sequence 5'-3'
ORF26 F 47311-47331 5-CTCGAATCCAACGGATTTGAC-3'
ORF26R 47384-47366 5-TGCTGCAGAATAGCGTGCC-3'
PROBE 47342-47360 FAM-CCATGGTCGTGCCGCAGCA-TAMRA

*
(nt. position referred to accession number: U75698)
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Molecular typing of 24 KHSV strains obtained from cKS italian patients according to clinical evolution of disease.

Patient ID sex clinical stage clinical evolution KHSV (K1) subtype
K6 F | fast A3
K9 M 1l fast Al
K10 M 11 fast A’
K12 M 1 fast Al
K13 M \Y fast A"
K14 M 1 fast Al
K17 F 1l fast A2
K22 M 1 fast A’
K23 M 1 fast A’
K29 M 1l fast A3
K30 M | fast A3
K34 M v fast Al
K3 M 1l fast Cl
K5 M \Y fast C3
K38 M 11 fast C1
K40 M 1l fast Cl
K42 F 1l fast C1
K11 M | slow Al
K7 M | slow Cl
K18 M 1 slow C3
K19 F | slow C3
K21 M | slow Cl
K28 F | slow C3
K31 M 1 slow C1
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