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Abstract.  Background:  Kaposi’s ~ sarcoma-associated
herpesvirus  (KSHV)/human  herpesvirus 8 (HHV-8) is
consistently found in almost all observed Kaposi’s sarcomas
(KS), whether AIDS-associated, iatrogenic or classic. To our
knowledge no data are available on the genetic polymorphism
of HHV-8 from Greece. We report the study of 15 renal
transplant recipients with KS, 5 with AIDS-associated KS, 11
with classic KS and 60 healthy individuals from Greece.
Materials and Methods: Polymerase chain reaction (PCR) was
carried out on DNA extracted from peripheral-blood
mononuclear cells (PBMC) or KS cutaneous biopsies, using
specific primers for the HHV-8, KS330 fragment from ORF-26
(233 bp) and the highly variable region (VRI) from ORF-KI
(363 bp). Results: HHV-8 DNA was detected in 30 out of 31
(97%) KS cases, regardless of their clinico-pathological subtype
and in 10 out of 60 (16.7%) healthy individuals. Sequencing of
the ORF26 fragment demonstrated that the 40 HHV-8 strains
were of the A and C sub-types. Furthermore, sequencing of the
ORF-K1 showed that these HHV-8 strains of Greek origin were
of the Al, A4, CI1 or C3 sub-type. Conclusion: Our findings
imply a possible link of the C3 subtype of HHV-8 in renal
transplant-related KS cases (iatrogenic KS) in Greece, a link of
the A4 subtype in AIDS-associated KS cases and a potential
involvement of the A1 subtype in Greek classic KS incidences, as
HHV-8 strains among healthy individual tested belong to the C1,
C3 or A1 subtypes.
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Kaposi’s sarcoma (KS) was first described as an "idiopathic
multiple pigmented sarcoma of the skin" by Moritz Kaposi in
1872 (1). KS is now categorized according to four different
epidemiological manifestations (2): a) classic, in which the
skin lesions have little or no visceral involvement; b) African
endemic, which can show systematic involvement and
progress rapidly, ¢) AIDS-associated, which manifests both as
cutaneous and visceral lesions and is the most aggressive form
of the disease; and d) iatrogenic immunosuppression-related,
which develops as a result of immunosuppressive therapy in
transplant recipients.

Beral predicted that AIDS-associated KS was caused by
an unknown infectious agent other than HIV (3), but it was
not until late 1994 that Kaposi’s sarcoma-associated
herpesvirus (KSHV), also known as human herpesvirus 8
(HHV-8), was identified as the probable candidate
etiological agent (4). Although its role in pathogenesis has
yet to be defined, HHV-8 has been identified as an
important cofactor in the development of KS and it has
been detected in virtually all KS patients (5).

Recent molecular epidemiological studies have revealed
that the KS330 fragment from ORF26 of HHV-§, as well as
the highly variable left end of the ORF-K1 gene, are very
good markers for HHV-8 genotyping and strain
differentiation (6-10). Four subtypes (A, B, C and D) of
HHYV-8 are classified on the basis of ORF-26 and ORF-K1
(6, 9, 10). HHV-8 subtypes, as defined especially by K1
sequences, have specific geographical distribution patterns
worldwide (6, 9, 10). Isolates from Europe, Asia and the
United States are generally A and C subtypes, those from
Africa are predominantly the B subtype, while the rare D
subtype appears exclusively from the Pacific Islands (11).

Although several studies have revealed some patterns of
HHV-8 genetic variation, there is limited information on
the distribution of HHV-8 genotypes in human populations
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Table 1. Epidemiological and clinical data of 31 Kaposi’s sarcoma
patients from Greece.

Sample HIV-1 HHV-8 DNA Type of KS
ORF-26 ORF-K1

KS1 - + + Iatrogenic (RTR)

KS2 - + + Tatrogenic (RTR)

KS3 - + + Iatrogenic (RTR)

KS4 - + + Iatrogenic (RTR)

KS5 - + + Iatrogenic (RTR)

KS6 - + + Tatrogenic (RTR)

KS7 - + + Iatrogenic (RTR)

KS8 - + + Iatrogenic (RTR)

KS9 - + + Iatrogenic (RTR)

KS10 - + + Tatrogenic (RTR)

KS11 - + + Iatrogenic (RTR)

KS12 - + + Iatrogenic (RTR)

KS13 - + + Iatrogenic (RTR)

KS14 - + + Tatrogenic (RTR)

KS15 - - - Iatrogenic (RTR)

KS16 + + + AIDS-associated

KS17 + + + AIDS-associated

KS18 + + + AIDS-associated

KS19 + + + AIDS-associated

KS20 + + + AIDS-associated

KS21 - + + Classic (patient in dialysis)

KS22 - + + Classic

KS23 - + + Classic

KS24 - + + Classic

KS25 - + + Classic

KS26 - + + Classic

KS27 - + + Classic

KS28 - + + Classic

KS29 - + + Classic

KS30 - + + Classic

KS31 - + + Classic

and the association of specific variations with ethnicity and
geographic origins as well as with the different forms of KS
such as the AIDS-associated, iatrogenic, African and classic
(Mediterranean) KS. To our knowledge no data are
available on the genetic variability of HHV-8 from Greece.

We report here the molecular characterization, with
subtyping of both ORF-26 and ORF-K1 genomic regions of
HHYV-8 strains isolated from Greek patients with different
KS type (iatrogenic, AIDS-associated and classic) and from
healthy individuals.

Materials and Methods

Patient samples. Patients with Kaposi’s sarcoma were selected on
the basis of clinical and histopathological criteria, from
departments of dermatology and transplantation in Greece. All the
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patients were Greek and only five of them were HIV-1-positive.
The specimen set included PBMC or formalin-fixed paraffin-
embedded (FFPE) cutaneous biopsy of Kaposi’s lesion. Of 31 KS
patients, 15 had iatrogenic (renal transplant recipients) KS, 5
AIDS-associated KS and 11 classic KS. DNA isolated from PMBC
from 60 healthy individuals was also tested. The specimens were
PMBC from renal transplant recipients and healthy individuals and
FFPE-tissues from patients with AIDS-associated and classic KS.

DNA isolation. Genomic DNA was isolated from PBMC by using
the QIAamp Blood kit (Qiagen, Germany) following the
manufacturer’s directions. KS FFPE tissue blocks were sectioned
and de-paraffinized by boiling in 400 ul lysis buffer (50mM Tris-
HCl, pHS8.5, 0.5% Tween 20, ImM EDTA and 200 pg/ml
proteinase K), cooling to 4°C and then removing the resolidified
paraffin; the mixture was then incubated at 55°C until completely
digested. The DNA was extracted with phenol-chloroform,
precipitated with ethanol and then suspended in water.

Polymerase chain reaction (PCR) amplification and nucleotide
sequencing. Each sample was shown to contain amplifiable DNA
using standard PCR conditions and primers for human GAPDH
(glyceraldehyde-3-phosphatate dehydrogenase) gene (12). HHV-8
ORF-K1 and KS330 subtyping was performed, as previously
described (9, 10). DNA sequencing of HHV-8 PCR products was
performed using the Big Dye-DyeDeoxy Terminator Cycle
Sequencing kit (Applied Biosystems, USA) and ABI Prism 310
Genetic Analyzer automated sequencer (Applied Biosystems). To
ensure that the observed mutations were not the result of Taq-
generated errors in PCR, sequencing was performed on at least two
distinct PCR products generated from each DNA sample, and both
strands of each product were independently sequenced.

Alignments and phylogenetic analysis. HHV-8 subtypes based on ORF-
26 and ORF-K1 were assigned on the basis of previous reports (9, 10,
13). Phylogenetic analysis of the sequences was performed using the
PHYLIP package, version 3.5C. A majority-rule consensus tree was
computed from 100 bootstrap replications (14) using that package.
The DNA sequence data for the prototype A1(BCBL-R), A4(BCBL-
B), A5(Ug374), B1(431KAP), B2(Ug81), B2*(UgD1), BCBL-1,
C1(ASM72), C3(BC2), C3(BC3), D1(TKS10) and D2(ZKS3) subtype
genes are available from GenBank (accession no. AF133038 to
AF133044, AF130289, AF130291, AF13092, AF170531 and U86667).

Results

We studied 31 patients with Kaposi’s sarcoma (Table I). As
controls, 60 healthy individuals were selected for PCR
analysis. All the individuals tested originated in Greece and
five of them were HIV-1-positive.

HHV-8 PCR results were considered positive when
HHV-8 sequences were detected after ethidium-bromide gel
electrophoresis and sequencing of the PCR products. All
the 91 samples (31 from KS and 60 controls) were amplified
by the specific primers for the human GAPDH gene,
demonstrating the integrity of the DNA samples. As
presented in Table I, HHV-8 sequences were detected with
both set of primers (HHV-8 ORF-26 and ORF-K1) in 30
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Table II. Comparison of polymorphic nucleotide patterns that identify several distinct subtypes of HHV-8 genomes within the 233-bp ORF-26 gene locus

(13). The subtype D patterns are indistinguishable from those of subtype A.

DNA samples ORF-26 (233 bp) Subtype
981 1032 1055 1086 1094 1103 1122 1132 1139

BCBL-R T C G C G C G A A A
BCBL-B T C G C G C G A A A
431KAP C C G C G C G G C B
ASM72 C C G T A C G G C Cl
BC2 C A T T A C G G C C3
BC3 C A T T A C G G C C3
TKS10 T C G C G C G G C A/D
ZKS3 T C G C G C G A A A/D
KS1-KS12, H1-H5 C A T T A C G G C C3
KS13, KS14, KS21, H6-H8 C C G T A C G G C Cl1
KS16-KS20, KS22-KS31, H9-H10 T C G C G C G A A A/D

out of 31 KS cases (97%). The same sequences were found
in only 10 out of 60 healthy individuals (16.7%) with both
sets of primers.

To further study the possibility of sequence variation,
sequence analysis of PCR-amplified products of the KS330
fragment within the ORF-26 were generated from the
HHV-8-positive samples. Comparison of polymorphic
nucleotide patterns, identifying several distinct subtypes of
HHV-8 genomes within the ORF-26 gene locus,
demonstrated that all the HHV-8 isolates from iatrogenic
KS (14 cases, one patient was negative for the presence of
HHV-8), the isolate from the single patient in dialysis with
classic KS and 8 out of 10 isolates from the healthy
individuals belonged to the C subtype. From those 23
samples belonging to the C subtype, 17 strains (KS1-KS12
and H1-HS), as seen in Table II, exhibited nucleotide
substitutions specific for C3 subtype, and 6 strains (KS13,
KS14, KS21 and H6-H8) exhibited nucleotide substitutions
specific for C1 subtype. By OFR-26 genotyping, 10 out of
11 cases of classic KS (KS22-KS31), the five AIDS-
associated cases (KS16-KS20) and 2 out of 11 isolates from
the healthy individuals (H9 and H10) were classified as A/D
subtype. Since the D patterns are indistinguishable from
those of subtype A patterns (Table II), the use of ORF-26
patterns alone for classification is not recommended.

Regarding the ORF-K1, as presented in Table III, 23
strains belonged to the subtype C. Specifically 17 of them
(KS1-KS12 and H1-HS5) were related to the C3 subgroup
and 6 (KS13, KS14, KS21 and H6-HS) to the C1 subgroup.
The isolates KS1-KS10, H2 and HS exhibited 96.7% identity
with the BC2 prototype and 97.5% with the BC3 prototype,
while the isolates KS11, KS12, H1, H2 and H3 exhibited
95.8% identity with the BC2 prototype and 99% with the

BC3 prototype on an amino acid level. The isolates KS13,
KS14, H6 and H7 exhibited 95.8% amino acid identity with
the C1 prototype (ASM72), whereas the strains KS21 and
HS8 exhibited 92.5% of amino acid identity with the C1
prototype (ASM72). The five isolates from AIDS-associated
KS (KS16-KS20) exhibited a typical A4 subtype (99% of
amino acid identity with the prototype BCBL-B). The
strains KS22-KS31 from classic KS, as well as H9 and H10,
exhibited 95% amino acid identity with the Al subgroup
(BCBL-R). In view of the analysis of ORF-K1 variability,
there was a molecular aggregate reflecting the clinico-
epidemiological type of KS (Figure 1).

Discussion

This is the first study to report on the genetic diversity of
HHYV-8 genomes originating from renal post-transplantation
iatrogenic, AIDS-associated and classic KS, as well as from
healthy individuals of Greek origin.

The results of the present study support and extend the
findings of Zang et al. (11), Zong et al. (13), Nicholas et al.
(15) and DiAlberti et al. (16), indicating the existence of
variants of HHV-8. The data from the aforementioned
studies supported a geographical correlation with strain
variation in HHV-8, as samples originating from Europe,
Asia and the United States were of A or C subtypes,
whereas those from Africa were predominantly of the B
subtype, and the rare D subtype appeared exclusively from
the Pacific Islands.

Here, in order to determine which molecular subtype of
HHV-8 was present in the KS patients as well as among
healthy individuals originating from Greece, we performed
sequence analysis of fragments of genes coding for the
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Figure 1. Phylogenetic analysis of ORF-KI1 amino acid sequences of
HHV-8 isolates studied and of prototype strains deposited by Zong et al.
(9). The consensus tree was computed from 100 bootstrap replications
with Phylip Prodist and the neighbor program of the PHYLIP package,
based on PAM distances.

capsid protein (ORF-26) and the highly variable (VRI1)
domain of ORF-K1 protein. ORF-26 was originally used by
Zong et al. (11) to propose a classification of HHV-8
genomes in 3 main molecular subtypes A, B and C. By
studying the KS330 region within ORF-26, we found that all
the analyzed strains of HHV-8 belong to either the A or the
C subtype. Sequence analysis of the VR1 domain within the
ORF-KI1 revealed that the strains distributed to A1, A4, C1
and C3 subtypes, with several minor variants from the
prototypes (Table III), indicating that the use of more
variable genomic regions, such as ORF-K1 instead of
regions with a low degree of sequence nucleotide variation
such as ORF-26, is more informative and will permit new
insights into the origin, genetic evolution and disease
association of HHV-8 (7, 9). In general our findings are in
agreement with previous studies reporting that the A and C
subgroups are common in Europe (6, 7).

Recent observations suggest that each of the HHV-8
strains may possess different biological properties and cell
tropism (17-19), but there is still debate about whether
different HHV-8 subtypes have significantly different
clinical associations (9, 20). Surprisingly, we observed that
a molecular aggregate reflects the clinico-epidemiological
types of KS. Specifically our findings imply a possible link
of the C3 subtype of HHV-8§ to renal transplant-related KS
cases (iatrogenic KS) in Greece, a link of the A4 subtype to

AIDS-associated KS cases and a potential involvement of
the Al subtype in Greek classic KS incidences, as HHV-§
strains among healthy individual tested belong to the C1, C3
or Al subtypes. Nevertheless, the available samples within
the studied group were limited in number, so we can not
make a general claim about the association of a specific
viral genotype with clinical presentation and further studies
are ongoing to clarify this issue.

References

1 Kaposi M: Idiopathic multiple pigmented sarcoma of the skin.
Arch Dermatol Syphi 4: 265-273, 1872.

2 Paterman TA, Jaffe HW, Friedman-Kien AE et al: The
aetiology of Kaposi sarcoma. Cancer Surv 10: 23-37, 1991.

3 Beral V: Epidemiology of Kaposi’s sarcoma. In: Beral V, Jaffe
HW and Weiss RA (eds.), Cancer, HIV and AIDS. Cancer
Surv. Vol. 12, pp. 5-22. Cold Spring Harbor Laboratory Press,
New York (1991).

4 Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper J,
Knowles DM and Moore PS: Identification of herpesvirus like
DNA sequences in AIDS associated Kaposi’s sarcoma. Science
266: 1865-1867, 1994.

5 Cattani P, Capuano M, Graffeo R, Ricci R, Cerimele F,
Cerimele D, Nanni G and Fadda G: Kaposi’s sarcoma
associated with previous human herpesvirus 8 infection in
kidney transplant recipients. J Clin Microbiol 39: 506-508, 2001.

6 Kasolo FS, Monze M, Obel N, Anderson RN, French C and
Gompels UA: Sequence analyses of human herpesvirus-8
strains from both African human immunodeficiency virus-
negative and —positive childhood endemic Kaposi’s sarcoma
show a close relationship with strains identified in febrile
children and high variation in the K1 glycoprotein. J Gen Virol
79: 3055-3065, 1998.

7 Cook PM, Whitby D, Calabro ML, Luppi M, Kakoola M,
Hjalgrim DN Ariyoshi H, Ensoli B, Davison AJ and Schulz TF:
Variability and evolution of Kaposi’s sarcoma-associated
herpesvirus in Europe and Africa. International Collaborative
Group. AIDS 13: 1165-1176, 1999.

8 Meng YX, Spira TJ, Bhat GJ, Birch, CJ, Druce JD, Edlin BR,
Edwards R, Gunthel G, Newton R, Stamey FR, Wood C and
Pellet PE: Individuals from North America, Australia, and
Africa are infected with four different genotypes of human
herpesvirus 8. Virology 261: 106-119, 1999.

9 Zong JC, Ciufo DM, Alcendor DJ, Wan X, Nicholas J,
Browning PJ, Rady PL, Tyring SK, Orenstein JM, Rabkin CS,
Su IJ, Powell KF, Croxson M, Foreman KE, Alkan BJ and
Hayward GS: High-level variability in the ORF-K1 membrane
protein gene at left end of the Kaposi’s sarcoma-associated
herpesvirus genome defines four major virus subtypes and
multiple variants or clades in different human populations. J
Virol 73: 4156-4170, 1999.

10 Poole LJ, Zong JC, Ciufo DM, Alcendor DJ, Cannon JS,
Ambinder R, Orenstein JM, Reitz MS and Hayward GS:
Comparison of genetic variability at multiple loci across the
genomes of the major subtypes of Kaposi’s sarcoma-associated
herpesvirus reveals evidence for recombination and for two
distinct types of open reading frame K15 alleles at the right-
hand end. J Virol 73: 6646-6660, 1999.

1601



ANTICANCER RESEARCH 24: 1597-1602 (2004)

11 Zang YJ, Davis TL, Wang XP, Deng JH, Baillargeon J, Yeh IT,
Jenson HB and Gao SJ: Distinct distribution of rare US
genotypes of Kaposi’s sarcoma-associated herpesvirus (KSHV)
in South Texas: Implications for KSHV epidemiology. J Infect
Dis 183: 125-129, 2001.

12 Goidin DA, Mamessier A, Staquet MJ, Schmitt D and Bethier-
Verges O: Ribosomal 18S RNA prevails over glyceraldehydes-
3-phosphate dehydrogenase and beta-actin genes as internal
standard for quantitative comparison of mRNA levels in
invasive and noninvasive human melanoma cell subpopulation.
Anal Biochem 295: 17-21, 2001.

13 Zong JC, Metroka C, Reitz MS, Nichlas J and Hayward GS:
Strain variability among Kaposi sarcoma associated herpesvirus
(human herpesvirus 8) genomes: evidence that a large cohort
of United States AIDS patients may have been infected by a
single common isolate. J Virol 77: 2505-2511, 1997.

14 Felsenstein J: PHYLIP version 3.5c, University of Washington,
Seattle, USA (1993).

15 Nicholas J, Zong JC, Alcendor DJ, Ciufo D, Poole LS, Sarisky
RT, Chiou CJ, Zhang X, Wan Z, Guo HG, Reitz MS and
Hayward GS: Novel organization features, captured cellular
genes, and strain variability within the genome of KSHV/HHV-
8. J Natl Cancer Inst Monogr 23: 79-88, 1998.

16 Di Alberti, L, Ngui SL, Poret SR, Speight PM, Scully CM,
Zakrewska JM, Williams IG, Artese L, Piatteli A and Teo CG:
Presence of human herpesvirus 8 variants in the oral tissues of
human immunodeficiency virus-infected persons. J Infect Dis
175: 703-707, 1997.

1602

17 Boraveli F, Masquelier B, Denagrolles M, Dupon M., Pellgrin
JL, Raquaud JM and Fleury HJA: Study of human herpesvirus
8 (HHV-8) variants from Kaposi’s sarcoma in France: is HHV-
8 subtype A responsible for more aggressive tumors? J Infect
Dis 178: 1546-1547, 1988.

18 Friborg J, Kong WP, Flowers CC, Flowers CL, Sun Y, Foreman
KE, Nickoloff BJ and Nabel GJ: Distinct biology of Kaposi
sarcoma associated herpesvirus 8 from primary lesions and body
cavity based lymphomas. J Virol 72: 10073-10082, 1998.

19 Ma HJ, Sjak-Shie NN, Vescio RA, Kaminsky M, Mikail A, Pold
M, Parker K, Beksac M, Belson D, Moss TJ, Wu CH, Zhou Z,
Zhang L, Chen G, Said JW and Berenson JR: Human
herpesvirus 8 open reading frame 26 and open reading frame
65 sequences from multiple myeloma patients as haved pattern
most found in Kaposi’s sarcoma of primary effusion lymphoma.
Clin Cancer Res 6: 4226-4233, 2000.

20 Luppi M, Barozzi P, Marasca R, Ferrari MG and Torelli G:
Human herpesvirus 8 strain variability in clinical conditions
other than Kaposi’s sarcoma. J Virol 77: 8082-8083, 1997.

Received October 9, 2003
Revised January 15, 2004
Accepted March 1, 2004



