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Background: Kaposi sarcoma (KS) has features of both neoplastic growth and hyperplastic proliferation. It is the most com-
mon tumor seen in patients with HIV infection. Whether KS is a real tumor or a benign hyperplastic disease is
not known.

Material/Methods: Tissues from KS and cutaneous hemangioma lesion DNA were extracted, and then digested with methylation-
sensitive restriction endonuclease Hpall. Human androgen receptor gene (HUMARA) was amplified with PCR
method and the product was separated on 10% denaturing polyacrylamide gels and stained with ethylene di-
bromide (EB) to show the polymorphism of HUMARA. Phosphoglycerate kinase (PGK) was amplified and the
product was digested by BStXI, agarose gel and EB stained to show the polymorphism of PGK. Finally, we an-
alyzed the clonality of KS.

Results: In the 14 patients with KS, heterozygosity of the HUMARA gene was observed in 12 (85.7%) cases. Loss of het-
erozygosity of HUMARA gene on X-chromosome (without Hpall digestion there were 2 bands, after Hpall di-
gestion there were just 1 of the bands), representing monoclonal origin, was present in 11 cases of Kaposi sar-
coma. Heterozygosity of the PGK gene was observed in 5 (35.7%) cases, which all represent monoclonal origin.
There was no significant difference according to country, stage, or HIV and HHV-8 (P>0.05).

Conclusions: The current findings suggest that Kaposi sarcoma is a clonal neoplasm, not a reactive proliferation.
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Background

Kaposi sarcoma is a type of multicentric tumor with unclear
pathogenesis, which was first described by Kaposi in 1872.
It is the most common tumor in patients with HIV infection
[1,2]. Kaposi sarcoma is a highly vascularized tumor that pri-
marily affects the skin; during disease progression it can also
spread to lymph nodes and viscera [3-5]. The occurrence of
KS may be associated with factors such as geographical envi-
ronment, race, and sex. There are 4 types: classic KS, endem-
ic KS, epidemic (AIDS-associated) KS, and iatrogenic (immu-
nosuppressive drug-associated) KS [6].

The classical form of KS is a rare vascular tumor affecting el-
derly men of Mediterranean and eastern European Jewish an-
cestry. It is predominantly localized to the lower extremities
and has an indolent course. Classic KS has a male-to-female
ratio of approximately 10:1 to 15:1. The moist common types
in Xinjiang China are classic KS and AlDS-associated KS [7].

Three major cell types are contained by the lesions of the 4 KS
forms: spindle cells, endothelial cells, and infiltrating inflam-
matory cells. Spindle cells derive from lymphatic endothelial
cells and are the main cell type present in nodular-stage le-
sions. The exact cell of origin of KS is not clear. The cell of or-
igin may arise from lymphatic or blood endothelium, vascular
smooth muscle cells, mesenchymal cells, or a combination of
these cells [8]. However, the currently prevalent opinion is that
KS probably originates from lymphatic endothelium [9,10]. In
1994 [11], Chang discovered a new type of virus in KS tissues,
which was named KS-associated Herpesvirus (KSHV) HHV-8, or
Human herpesvirus 8 (HHV-8). It has subsequently been found
in all 4 forms and is the most important causative agent in all 4
forms of KS [12]. HHV-8 infection of blood vascular endotheli-
al cells leads to lymphatic endothelial reprogramming of these
cells [9,10], and it is suggested that HHV-8 may preferentially
infect endothelial cell precursors and mediate their differen-
tiation towards a lymphatic endothelial cell genotype [10,13].

Although there has been much research on KS, the pathogen-
esis and biological behavior is still poorly understood [14-20]
and it is unclear whether KS is a reactive or neoplastic lesion
or a monoclonal neoplasm. Moreover, Duprez et al., in order
to determine the clonality of KS cellular, studied the size het-
erogeneity of the HHV-8 terminal repeat (TR) region. Their re-
sults suggested that KS lesions, especially in patients with ad-
vanced skin tumors, were reactive proliferations rather than
true malignancies with metastatic dissemination, but this con-
clusion is controversial. Rabkin et al. studied the clonality of
KS by investigating the HUMARA gene; their findings suggest-
ed KS is a monoclonal neoplasm. To further characterize KS,
we evaluated the clonality of 14 samples of KS from female
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patients by using X-chromosomal inactivation HUMARA and
PGK gene loci in female somatic cells.

Material and Methods

Tissues

Formalin-fixed, paraffin-embedded surgical tissues were sup-
plied by the Department of Pathology of the People’s Hospital
of Xinjiang Uygur Autonomous Region. We identified 14 female
patients with KS and 1 female patient with cutaneous hem-
angioma (the cutaneous hemangioma specimen was used as
control). The clinicopathological features of the selected sam-
ples are summarized in Table 1. The mean age of the patients
was 48.4 years (range 27-71), and every patient had a single
lesion. Of the 14 KS patients, 6 women were HIV seronegative
(classic KS) and 8 were HIV seropositive (transmitted by sexu-
al contact with a male (whether bisexual male was not clear).
Eleven patients were Uyghur, 3 patients were Kazak; all pa-
tients were HHV-8 positive. All cases were diagnosed by 2 ex-
perienced pathologists. Moreover, all patients agreed to anal-
yses of the materials.

Immunohistochemistry

Immunohistochemical staining was performed on sections
which were formalin-fixed paraffin-embedded, using the
Envision technique. This study used the primary monoclo-
nal antibody.

2 DNA extraction

DNA was extracted from the tumor and cutaneous hemangio-
ma samples using standard procedures. Briefly, the formalin-
fixed, paraffin-embedded tissue blocks were cut into 10-um
slices and 5~1010 um slices were placed into the 1.5-ml mi-
crocentrifuge tubes. Samples were digested in TES (10mmol/L
Tris-Hcl, 1 mmol/L EDTA, 0.5%SDS) and TET (100 mmol/L Tris-Hcl,
1 mmol/L EDTA, 1%TritonX-100). Proteinase K was then add-
ed to a final concentration of 20 pg/ul and the samples were
kept at 37°C overnight. DNA was extracted by phenol chloro-
form method.

Enzymatic digestion

To perform clonal analysis, cutaneous hemangioma and KS
DNA were divided into 2 fractions and 1 of these was digest-
ed with Hpall10U (1 ul) for 3-5 h at 37°C, and followed at 65°C
for 20 min to inactivate the Enzyme Hpall, whereas the oth-
er fraction was undigested. Both fractions were used for PCR
amplification.
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Table 1. Clinicopathological features and histopathological phases.
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Case No. Age Site Duration (months) Stage HIV HHV-8
1 59 Left wrist 24 Plaque - +
"""""" > 68  Mouh 48 Plage - o+
"""""" 3 4 lowerextremity 4  Maculr o+ o+
"""""" 4 &  leg 6  Page - o+
"""""" s 3  Thgh 4  Paue o+ o+
"""""" 6 3  Thigh 6  Paque o+ &
"""""" 7 720  Pelma 9%  Plage - o+
"""""" & 3  Had 12 Plage o+ o+
"""""" o 27 Acotarsum 12 Plague o+ o+
w0 7 Tunk 6  Paque . .
o 2 Undeaw 3 Paque . o
T 68 Middle finger s Nodue - o
It 3% Underaw 3 Maculr . .
Y 71 lower extremity 10 Plaqe - .

PCR amplification HUMARA gene

HUMARA-C sense (5’-CCG CCG TCC AAG ACC TAC -3’) and
HUMARA-C antisense (5’-GGT TGC TGT TCC TCA TCC AG-3’). The
product length of amplification is about 200-400bp. We ampli-
fied 2-ul aliquots of Hpall-digested DNA in a 20-ul polymerase
chain reaction volume containing 2 ul 10xPCR buffer, 2 ul of
dNTPs, 0.5 ul of HUMARA-C sense-primer, 0.5 ul of HUMARA-C
antisense, 2 subunits thiamphenicol 1 ul and 0.4 ul of AmpliTaq
Gold. Amplification was performed with an initial denaturation
step of 95°C for 5 min followed by 20 cycles of 95°C for 45 s,
65°C for 45 s, and 72°C for 30 s, and a final extension step of
72°C for 7 min, and soaking at 4°C. After migration we used a
10% denaturing polyacrylamide gel and 0.5 mg/L EB staining.
Analysis was with Gene Genius Bioimaging System.

PGK (Phosphoglycerate Kinase) gene assay

Nested PCR was used to detect single-nucleotide polymor-
phism (SNP) sites in the PGK gene. The 5-ul aliquots of digest-
ed DNA samples were then subjected to nested PCR. The 50-ul
reaction mixture consisted of 4 ul of 10-mM dNTPs, primers
PGK1A and PGK1B (0.4 pmol each), 5 ul of 10xbuffer, 1.5 IL
of 50 mM MgCl,and 2.5 U of Taqg DNA polymerase. The ampli-
fication was performed using a PT-200 thermal cycler for 35
cycles (denaturation 94°C for 40 s, annealing at 58°C for 50 s,
and extension at 72°C for 1 min), with a final extension step
of 72°C for 7 min. The first round of PCR products (5-ul) were
diluted (1: 20) and used as templates for a second PCR reac-
tion with primers PGK2A and PGK2B using the same amplifi-
cation protocol, except with an annealing temperature of 56°C.
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The PCR products were digested with 5 U of BstXI at 48°C for
8-10 h in a 20-ul reaction containing 0.2 ul of BSA (10g/L) and
2 ul of 10xreaction buffer. The digested products were visual-
ized by 2% agarose gel electrophoresis and 0.5 mg/L EB stain-
ing. Briefly, 2 pairs of primers were used to amplify the PGK
gene: PGK1A, 5’-CTG TTC CTG CCC GCG CGG TGT TCC GCATTC-
3’;PGK1B, 5’-ACG CCT GTT ACG TAA GCT CTG CAG GCC TCC-
3’; PGK2A, 5’-AGC TGG ACG TTA AAG GGA AGC GGG TCG TTA-
3’; PGK2B, 5’-TAC TCC TGA AGT TAA ATC AAC ATCCTC TTG-3".

Results

Clinical and pathological data on fourteen KS patients

Table 1 indicates the clinical and pathological characteristics
of the 14 patients which were studied. Eight patients had HIV-
associated KS and 6 patients had classical KS. HIV-associated
KS was present for 3-12 months. Four out of 6 classical KS
cases had KS lesions present for 2-8 years, and the other 2
patients had KS present for 4 and 10 months. Eleven cases
were Uyghur and the other 3 cases were Kazak. All 14 pa-
tients were HHV-8-positive. Eleven cases were examined in
the plaque phase, 2 cases were macular, and only 1 case was
examined in the nodule stage (Figure 1).

Clonality analysis
In 2 of the 14 KS patients (cases 1 and 5) the DNA sample

failed to amplify expected PCR products (HUMARA) visible on
2% agarose gel, while in 5 KS patients (1, 3, 4,9, and 12) the
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Figure 1. Representative case of KS in patients of every stage. (A) (Hematoxylin and eosin x100) showing a macular stage patient. (C)
(Hematoxylin and eosin x200) showing a plaque stage patient. (E) (Hematoxylin and eosin x100) showing a nodule stage
patient. (B-F) The HHV-8 of every stage staining was positive.
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Figure 2. Clonality analysis in HUMARA (A)
and PGK (B) gene of representative
KS and cutaneous hemangioma. KS
— Kaposi sarcoma; CA — cutaneous
hemangioma; M — DNA marker;
Hpall+ — with Hpall digestion; Hpall-
— without Hpall digestion. KS indicated
monoclonal samples. Before Hpall
digestion there were 2 bands, and the
intensity of the other band was lower.
CA indicated polyclonal samples, with
and without Hpall digestion; there all
were 2 bands, but the latter band was
lower intensity than the former band.

DNA sample succeed in amplifying (PGK). Eleven out of 12
KS tissues were analyzed by HUMARA gene and 5 KS tissues
were analyzed by PGK gene. Without Hpall digestion there
were 2 bands, and after Hpall digestion there was just 1 band
(Figure 2). In 1 patient a polyclonal pattern was demonstrat-
ed in the KS tissue. These results suggest that KS is a clonal
neoplasm rather than a reactive proliferation.

As a polyclonal control, and to validate the ability to detect
clonal populations from skin with the clonal assay, we have
extracted DNA from 1 cutaneous angiosarcoma sample. This
analysis showed a typical polyclonal pattern because there
were 2 bands with and without Hpall digestion.

The clonality rate of the different nation, stages, HIV
infection in KS

Ten Uyghur cases and 3 Kazak cases were monoclonal origin,
and there was no significant difference between the 2 groups
(P>0.05). Two cases of macular stage lesion, 10 cases of plaque
stage lesion, and 1 case of nodule stage lesion were of mono-
clonal origin; there was no significance among the 3 groups
(P>0.05). Seven HIV-positive cases and 6 HIV-negative cases
with were of monoclonal origin, and there was no significant
difference between the 2 groups (P>0.05).

Discussion

Whether KS is a neoplastic lesion or a reactive proliferation
remains unknown. The reasons are as follows: 1) The World
Health Organization (WHO) publication about vascular nomen-
clature [21] proposed KS is a vascular tumor of intermediate
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malignancy (low-grade malignant). 2) The biological behavior
of the 4 types KS are very different. Classic KS is relatively be-
nign; patients can live for another 10-15 years and die from
other diseases. latrogenic KS is the result of the long-term use
of immunosuppressive therapy and it can be reversed if patho-
genic factors are removed. The characteristics of classic and
iatrogenic forms of KS seems to be more in line with reactive
proliferation [22,23], but the epidemic and endemic forms of
KS are relatively malignant, and the patients have short sur-
vival [24]. 3) The main characteristic of disease lesions are
thin-walled neovascular formations and proliferating spindle
cells. Many researchers have extensively studied KS pheno-
type, and some believe KS is a clonal neoplasm [25,26], but
some other researchers consider it a reactive proliferation. 4)
Many researchers have studied the clonality of KS; they use
the same methods but reach different conclusions. Rabkin [19]
was the first researcher to propose that KS (at least epidem-
ic KS) is a monoclonal malignant tumor through the analysis
of the HUMARA gene. Through the analysis of the HUMARA
gene in 7 patients with KS, of which 4 cases were classical
and 3 cases were AlDS-related, Delabesse [14] concluded that
KS is a polyclonal tumor.

The most important characteristic of neoplastic lesions is
clonality, and the reactive hyperplasia is absence of clonality.
Among various methods in clonality analysis, X chromosome
inactivation analysis is the best for tumor clonality analysis
[15]. Analysis of the HUMARA and PGK gene allows us to dis-
tinguish between a true neoplastic lesion and a non-neoplastic
proliferation lesion. The present study is convincing because
we analyzed the corresponding changes based on previous
research, and analyzed the polymorphism of PGK gene clon-
ality in different KS tumors from 14 female KS patients. Our
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findings indicate that KS lesions arise from a single clone of
cells and that KS is a monoclonal cancer.

During oosperm implantation, in every female cell 1 of the 2
X-chromosomes is randomly inactivated by DNA methylation;
this process can permanently inactivate the oosperm and its
daughter cells. Due to the nature of the X-chromosome ran-
dom inactivation, almost all normal female cells contain in-
activated maternal and paternal (2 types) X-chromosomes.
However, in asexual propagation, tumors are differentiated
by and grown from a single cell, so all tumor cells have either
the maternal or the paternal X-chromosome inactivated [15].
The first exon of the human androgen-receptor (HUMARA)
gene, which resides on the X-chromosome, contains a highly
polymorphic trinucleotide (CAG) repeat. Before the polymor-
phic CAG repeat region, which contains 5 methylation-sensi-
tive restriction enzyme sites (2 Hpall sites and 3 Hhal sites), in
humans the hybrid rate of CAG repeat is up to 90%. In hetero-
zygous females, the paternal and maternal X-chromosome se-
quences can be distinguished by the CAG repeat polymorphism,
and the active and inactive allele can also be distinguished by
the methylation status [14]. The X-chromosome chain phos-
phate glycerol kinase (pGK) gene is located in Xqll-q13, close
to the HUMARA gene. The first exon of pGK gene(PGK-I) has
a single-nucleotide polymorphism (G/A), which is character-
ized by the change of the site of a single base in the forma-
tion of Bstxl restriction endonuclease restriction sites; it is also
called the Bstx! locus polymorphism because of its proximity
to the X chromosome inactivation region, combined with char-
acteristics of methylation modification. Random distribution
of the PGK-1BstXI polymorphism becomes a detection mark-
er of X-chromosome inactivation. After digestion with methyl-
ation-sensitive restriction enzymes Hpall or Hhal, the normal
and reactive hyperplastic tissues showed 2 alleles of equal in-
tensity, but the neoplastic tissues show only 1 allele, or 1 of
the 2 alleles exhibited reduced intensity.

In our research, the hybrid rate of HUMARA gene is 85.7%, the
hybrid rate of PGK gene is 35.7%, which is similar to the re-
sults of researchers outside China.

Our samples qualified for DNA analysis of the HUMARA and
PGK gene. Among samples from 14 KS patients, 11 samples
had 2 bands before Hpall digestion, and 1 of 2 bands disap-
peared after Hpall digestion in the HUMARA gene. For exam-
ple, it showed that after Hpall digestion, the upper band dis-
appeared in the representative cases (cases 6-9); 5 samples
had 2 bands before Hpall digestion, and 1 of 2 bands disap-
peared after Hpall digestion in the PGK gene. For example, it
showed that after Hpall digestion, the upper band disappeared
in the representative cases (case 3, 4, 9, and 12). The result
suggested KS (at least classic and epidemic KS) is a clonal neo-
plasm rather than a reactive proliferation. The circumstantial
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evidence suggests that KS is a monoclonal malignant tumor,
a view shared by Rabkin. The present study found no signifi-
cant difference in clonality rate by country, stage, or HIV and
HHV-8 infection status, perhaps because our sample size was
too small. Future research should expand the sample size.

Some researchers reported that use of microdissection to ac-
curately separate the spindle cells can avoid the pollution of
adipocyte and vascular endothelial cells, which can improve
the sensitivity of experiments. But Rabkin estimated that the
tumor DNA content of a sample is greater than 80%, which
also can detect unbalanced methylation. In our study, all tis-
sue samples were more than 80%, which was ensured by 2
pathologists.

Analysis of the pattern of X-chromosome inactivation (HUMARA
gene and PGK gene) has been used to determine the clonal-
ity of KS lesional cells in females. An important drawback of
this method is that it can only be performed on females, and
since KS affects males with a higher frequency than females,
this method cannot be used in most cases of KS. Human her-
pesvirus 8, also known as KS-associated herpesvirus (HHV-8/
KSHV), is present in spindle cells at all KS stages, and is the
most important pathogen at all clinical types of KS. Our pre-
liminary study indicated that the positive rate of HHV-8 anti-
body in KS samples of lesions and serum was more than 80%.
Judde et al. [17] studied the clonal nature of HHV-8 terminal
repeat sequences in advanced KS lesions and found that such
lesions display all patterns of clonality. This finding supports
the concept that KS starts as a benign angioproliferative dis-
order consisting of a polyclonal cell population, and in later
stages of HIV-KS disease some, if not all, KS lesional cells will
evolve to a clonal cell population that will undergo expansion.
Duprez et al. [18], using the same HHV-8 episomal analysis,
demonstrated that most of the advanced KS lesions were oli-
goclonal (82%), each individual lesion having multiple HHV-8-
infected clones concurrently. Some (18%) advanced KS lesions
were monoclonal, with each lesion composed of a monoclonal
expansion of a single HHV-8-infected cell. In addition, individ-
ual KS lesions that occur concurrently at different anatomi-
cal sites in a subject with multicentric KS were either mono-
clonal or oligoclonal. The size of the HHV-8 episomes varied
even between the multicentric monoclonal KS lesions, clearly
indicating that these lesions arose from independent clones
and were not metastatic lesions originating from the clonal
expansion of a single HHV-8-infected cell.

The main limitation of the present study was the technique
that we used to analyze the viral clonality. The method requires
a substantial amount of DNA of high molecular weight, which
cannot be obtained from all KS biopsy samples. Typically only
highly spindle cell-infiltrated lesions are informative. Moreover,
fixed biopsies cannot be used in such a technique because they
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generally provide fragmented nucleic acid [27]. The advantage
of the clonality analysis method is that it can be used in male
patients, enlarging the sample size. Consequently, clonality
origination deserves further research attention.
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Conclusions

Our results suggest that KS (at least the classic and epidem-
ic forms) is a neoplastic lesion, not a reactive proliferation.
However, additional studies with larger sample sizes are need-
ed to conclusively prove our hypothesis.
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