
Abstract. The activity of telomerase, a ribonucleoprotein
maintaining the length of chromosome ends (telomeres) to
levels allowing cells to replicate indefinitely, is undetectable
in normal, differentiated cells, is present at low levels in
some activated cell types (including endothelial cells) and it
is highly expressed by tumor cells. Kaposi's sarcoma (KS),
the most frequent tumor in Acquired Immune Deficiency
Syndrome (AIDS) patients (AIDS-KS), arises as a disorder
of new blood vessel formation (angiogenesis), but it may
evolve into an aggressive cancer, characterized by the
proliferation and invasion of spindle-shaped, endothelial-like
cells (KS cells, KSC). Here we report that primary KSC
express low telomerase levels which are strongly enhanced
by KS initiation and progression factors including the
inflammatory mediators interleukin (IL)-1ß, tumor necrosis
factor (TNF)· and interferon (IFN)Á, the angiogenic basic
fibroblast growth factor (bFGF) and the Tat protein of
Human Immunodeficiency Virus (HIV)-1. Noteworthy, the
increase of telomerase activity promoted by these molecules
parallels the induction of KSC growth and invasion. These
preliminary in vitro findings encourage measuring
telomerase activity in AIDS-KS lesions in order to survey the
clinical progression of the disease.

Introduction

Eukaryotic cell chromosomes end with special structures,
termed telomeres, which consist of proteins and hundreds
to thousands of tandem repeats of the sequence TTAGGG

(reviewed in ref. 1). Telomeres are fundamental for the
maintainance of chromosome integrity since in their absence
chromosomes fuse, leading to unstable forms that can deter-
mine cell death (1).

In somatic cells telomere length progressively decreases
with age in vivo and with cell division in vitro; when cells have
reached a threshold minimal telomere length, they become
uncapable of replicating and enter a non-dividing state termed
cellular senescence (1).

In contrast, germline cells maintain telomere length to a
level that allows them to escape from the replicative senescence
and to proliferate indefinitely (reviewed in ref. 2). This is
because these cells express the telomerase enzyme which, by
adding TTAGGG sequences to the telomeres, compensates
for the nucleotides lost during DNA replication (1,2).

During cell differentiation telomerase activity decreases,
and it is lost in most normal, mature somatic cells (1,2).
However, some normal cell types, including lymphocytes,
epithelial and endothelial cells, express telomerase activity,
which is tightly growth-regulated (3-5).

Telomerase is strongly reactivated in malignant cells and
this is thought to contribute to their immortality (reviewed in
ref. 6).

Indeed, following the development of the telomeric
repetition amplification protocol (TRAP), a sensitive poly-
merase chain reaction (PCR)-based detection system (7),
telomerase activity has been detected in a wide variety of
tumors (2,6). Tumor tissues, but not normal tissue adjacent
to the tumor, express telomerase activity in a fashion which
directly correlates with the percentage of cycling cells (2,6).

Telomerase is also detectable in cells from pre-neoplastic
lesions, thus suggesting that the enzyme is activated since
early stages of carcinogenesis (8,9).

In this regard, KS, a vascular tumor frequently
developing in HIV-1-infected individuals (AIDS-KS)
(reviewed in ref. 10), does not arise as a true malignancy but
rather as an inflammatory-proliferative disorder. Specifically,
early AIDS-KS lesions resemble a granulation tissue, as they
are infiltrated by activated lymphocytes and macrophages,
mixed with fibroblasts and proliferating endothelial cells
(10). Later, spindle-shaped, endothelial-like cells of
polyclonal nature (KSC) appear in the lesions, being their
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histologic hallmark (10). With time, KSC increase their
growth rate, become monoclonal, and invade the skin, lymph
nodes and viscera, thus leading to AIDS-KS progression into
an aggressive malignant tumor (10).

Previous studies indicated that inflammatory mediators,
angiogenic factors, the HIV-1 Tat protein and the human
herpesvirus 8 (HHV8) cooperate in AIDS-KS initiation and
progression (10).

In particular, the inflammatory cytokines IL-1ß, TNF·
and IFNÁ, which are increased in blood and tissues of
individuals with KS or at risk of KS, can both reactivate
HHV8 infection and induce normal endothelial cells to
acquire KSC phenotype (10). The latter includes the spindle
shape, the expression of endothelial cell activation markers,
and the capability of promoting the development of
angioproliferative, KS-like lesions in nude mice (10). These
events are due to the fact that inflammatory cytokines induce
the synthesis and release of bFGF, an angiogenic molecule
highly expressed in KS lesions (10). bFGF is pivotal for KS
onset since it promotes angiogenesis and KSC growth,
migration and invasion (10).

Inflammatory cytokines and bFGF are expressed in all
forms of KS (10). However, KS is much more frequent and
aggressive in AIDS patients (10). This appears to be due to the
Tat protein of HIV-1, a transactivator of viral gene expression
which, upon its release by acutely infected cells, promotes
KSC proliferation and invasion and synergizes with bFGF in
inducing angiogenesis (reviewed in ref. 11).

Results from a previous study indicate that telomerase
activity is detectable in AIDS-KS biopsies (12). However, that
study did not correlate the intensity of telomerase activity
with the presence of KS initiation or progression factors, nor
did it address whether KSC, among the various cell types
composing the KS lesions, express telomerase activity
(12).

Therefore, we assessed whether primary KSC express
telomerase activity and, then, we evaluated whether this was
modulated by molecules present in AIDS-KS lesions, and
playing a role in the development and progression of the
disease.

Materials and methods

Reagents. Human recombinant bFGF, IL-1ß, TNF· and IFNÁ
were purchased from Roche Molecular Biochemicals
(Indianapolis, IN, USA). Recombinant Tat protein (from the
HIV-1 IIIB isolate) was expressed, purified, tested for
biological activity, and handled as reported elsewhere (13).

Cell cultures. Primary KSC cultures were established from
a skin lesion of a 32-year-old male AIDS-KS patient, as
previously described (14). Immune staining indicated that KSC
expressed markers of activated endothelial cells of either
vascular or lymphatic origin, including CD31, UEA, VE-
cadherin, ICAM-1, D2-40 and LYVE-1 (15). In addition, the
cells displayed macrophage antigens such as CD68, CD14,
and PAM-1 (16). These findings are in agreement with a
previous study (11) and they confirm that KSC are likely to
derive from the so-called endothelial macrophages of lymph
node sinuses (17). Cells showed a limited life-span (reaching

20 passages maximum) and were found to be negative for
HIV-1 or HHV8 infection by PCR.

Primary vascular smooth muscle cells (VSMC) from the
human aorta arteria were obtained from Lonza (Verviers,
Belgium). The EA.hy 926 cell line, derived by fusing human
endothelial cells with human lung carcinoma cells (18), was
from American Type Culture Collection (Rockville, MD,
USA).

Determination of telomerase activity. Telomerase activity
was assayed in KSC, VSMC, or EA.hy 926 cell extracts,
according to the TRAP method (7). Briefly, cells (1x106)
were washed in phosphate-buffered saline (PBS) solution,
and lysed in ice-cold extraction buffer containing 0.5%
3[(cholamido-propyl)-dimethyl-ammono]-1-propane-
sulfonate, 10 mM Tris-HCl (pH 7.5), 1 mM MgCl2, 1 mM
EGTA, 5 mM ß-mercaptoethanol, 0.1 mM [4(2-aminoethyl)-
benzene-sulfonyl fluoride] hydrochloride and 10% glycerol.
Total proteins (0.5 μg) were dissolved in 50 μl of a reaction
mixture containg 20 mM Tris-HCl (pH 8.3), 68 mM KCl,
1.5 mM MgCl2, 1 mM EGTA, 0.05% Tween-20, 0.1 μg of
the primer TS (5'-AATCCGTCGAGCAGAGTT), 0.5 mM
T4 gene 32 protein, 10 mM deoxynucleotide triphosphate,
2 units of Taq polymerase (Promega, Madison, WI, USA)
and 2 μCi of [·-32P]-dCTP (3,000 CI/mmol, DuPont NEN
Research Products, Boston, MA, USA). Each reaction was
carried out in a PCR tube containing 100 ng of the oligo-
nucleotide 5'-(CCCTTTA)3CCCTAA (Biogen, Rome,
Italy). Samples were incubated at 22˚C for 20 min to allow
telomerase to extend TS primer, followed by a 31-cycle PCR
amplification of the telomeric products. The PCR products
(40 μl) were run onto 10% non-denaturing acrylamide gels.
Gels were fixed in 0.5 M NaCl, 50% ethanol and 40 mM
sodium acetate (pH 4.2) and then exposed to X-ray film
(Kodak, Rochester, NY, USA) at -80˚C. Band intensity was
quantified by bidimensional densitometry of the first eight
ladder bands, using a Bio-Rad (Richmond, CA) scanning
system (Imaging Densitometer GS-670, Molecular Analyst
Software). The signal intensity of each band was measured
and corrected for the background levels. The adjusted
signals of the ladder products in each lane, expressed in
optical density units, were summed and used for quantitative
analysis.

Cell growth and invasion assays. Cell growth assays were
performed with KSC exposed or not to recombinant IL-1ß,
TNF· and IFNÁ combined, bFGF or Tat in RPMI-1640
medium containing 10% foetal bovine serum (Invitrogen
Italy, Milan, Italy). Media and proteins were replaced after 2
days, and cells were counted after 4 days by trypan blue dye
exclusion (in triplicate), as previously described (19).

Invasion assays were performed in modified Boyden
chambers separated in two compartments by polycarbonate
filters coated with Matrigel™ (Becton-Dickinson Biosciences
Italy, Buccinasco, Italy), a reconstituted basement membrane
which prevents migration of non-invasive cells (19). KSC
were incubated for 5 days with IL-1ß, TNF· and IFNÁ
combined, bFGF, Tat or medium alone, suspended by
trypsinization, washed with trypsin inhibitors and then placed
in the upper compartment of the Boyden chamber. Serum-
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free medium was placed in the lower compartment. Invaded
cells were fixed in ethanol, double stained by toluidine-blue
and by hematoxylin- eosin, and quantitated by light micro-
scopy by counting 5 fields/ filter, as described (19).

Results

Initial experiments measured telomerase activity in primary
KSC kept under basal culture conditions. For this purpose we
employed the TRAP method, which shows the presence of
telomerase activity in cellular extracts by a ladder of PCR
products differing in size by the addition of TTAGGG
repeats (7). Quiescent VSMC were employed as the negative
control (20), while the EA.hy 926 cell line was the positive
control (18).

Results indicated that quiescent VSMC were telomerase-
negative (Fig. 1), in agreement with previous studies (20). In
contrast, primary KSC expressed telomerase activity, albeit to
a low level as compared to the EA.hy 926 cell line (Fig. 1).

However, when KSC were exposed to KS progression
factors including IL-1ß, TNF·, IFNÁ, bFGF and/or Tat, at
concentrations likely to be present in vivo (10,11), telomerase
activity was enhanced, starting at 48 h of treatment. Prolonged
exposure (5 days) to cytokines or Tat further increased KSC
telomerase activity, which reached levels similar to those
detected in the EA.hy 926 tumor endothelial cells. Specifically,
at 5 days, combined IL-1ß, TNF· and IFNÁ augmented KSC
telomerase activity by 2.96-fold over basal levels (Fig. 1).
Consistent with their key role in KS pathogenesis, also bFGF
and Tat enhanced KSC telomerase activity by 2.53- and
1.59-fold, respectively, over basal levels (Fig. 1).

Additional experiments were performed to assess whether
there was any link between telomerase activity and KSC
growth rate or invasiveness.

Results indicate that the increase in telomerase activity
was simultaneous with the induction of KSC proliferation by
IL-1ß, TNF· and IFNÁ combined, bFGF or Tat (Fig. 2A).
Combined inflammatory cytokines, bFGF or Tat also increased
KSC invasion by 3.1-fold, 2.63-fold and 1.5-fold, respectively
(Fig. 2B).

Discussion

Differently from the majority of normal, differentiated cells,
and similarly to germline cells, tumor cells express
telomerase activity (1,2,6). Noteworthy, the intensity of
telomerase activity in tumor specimens directly relates to
tumor cell growth and invasiveness, thus parallelling, at least
in certain tumor types, the different stages of cancer
progression (2,6,9,21,22). In addition, telomerase appears to
distinguish benign hyperplasia from cancer (23,24).
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Figure 1. KSC express telomerase activity which is increased by combined
inflammatory cytokines, bFGF or HIV-1 Tat. Telomerase activity was
measured in KSC cultured in the absence (lane 1) or presence of recombinant
IL-1ß, TNF· and IFNÁ combined together at 10, 0.5 and 0.15 ng/ml,
respectively (lane 2), 20 ng/ml of bFGF (lane 3), or 20 ng/ml of Tat (lane 4).
The EA.hy 926 cell line was employed as the positive control (lane 5), while
VSMC grown in 1% FBS were the negative control (lane 6). The auto-
radiography (left panel) and its densitometric analysis (right panel) from a
representative experiment out of three performed are shown. Fold increase
of KSC telomerase activity induced by Tat or cytokines are reported in text
(where values refer to the three performed experiments).

Figure 2. KS promoting factors which upregulate KSC telomerase activity also stimulate the proliferation and invasion of these cell types. KSC were grown
for 5 days in the absence (CR) or in the presence of the recombinant inflammatory cytokines (IC) IL-1ß, TNF· and IFNÁ (combined together at 10, 0.5 and
0.15 ng/ml, respectively), bFGF (20 ng/ml) or Tat (20 ng/ml). (A) Data are expressed as the average number of KSC after 5 days of culture from 3 experiments
each performed in duplicate wells (± SD). (B) Results are expressed as the number of invaded cells/field from 3 experiments each performed in duplicate
chambers (± SD).
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Previous studies indicated that active telomerase is present
in lesions from AIDS-KS (12), an angioproliferative disease
which can evolve into an aggressive sarcoma (10).

Here we have shown that KSC, the histologic hallmark of
KS lesions (10), constitutively express low telomerase levels,
and that these are strongly enhanced by IL-1ß, TNF·, IFNÁ,
bFGF or HIV-1 Tat, reaching the levels expressed by a
tumor cell line. Of note, we also observed that the increase of
telomerase activity promoted in primary KSC by the above
mentioned KS initiation/progression factors parallels KSC
replicative index and invasiveness. In particular, we found
that the enhancement of KSC telomerase activity induced by
bFGF or Tat correlates with an increase in both KSC growth
and invasiveness. In contrast, while combined IL-1ß, TNF·
and IFNÁ are particularly effective at enhancing KSC
telomerase expression and invasiveness, they promote KSC
growth to a lesser degree. This is consistent with the fact that
inflammatory cytokines increase the growth rate of KSC
indirectly, either by augmenting KSC adhesive properties, or
by stimulating KSC to synthesize bFGF which, in turn, acts
as an autocrine KSC growth factor (10). Notwithstanding, the
enhancement of KSC telomerase activity and invasiveness by
IL-1ß, TNF· and IFNÁ is biologically relevant, as these
cytokines promote KS onset or progression in humans
(25,26).

Altogether, these findings are in agreement with the fact
that the intensity of telomerase activity in tumors correlates
with tumor cell growth rate, and that telomerase-expressing
tumor cells invade the basement membrane, while telomerase-
negative cells do not (2,6,22,27).

The detection of telomerase activity in KSC is somehow
surprising since those cells are not tranformed nor tumorigenic.
In particular, KSC are contact-inhibited and have a limited
life-span (10). In addition, it has to be highlighted that,
although KSC injection in nude mice promotes the develop-
ment of angioproliferative, KS-like lesions, these are of
mouse cell origin, being induced by the paracrine action of
cytokines and angiogenic factors produced by KSC (10).
Indeed, evidence suggests that KSC are likely to be ‘trans-
differentiated’ rather than transformed cells. In fact, KSC
express antigens which are typical of macrophage, endothelial
cell precursors, vascular endothelial cells or lymphatic
endothelial cells (10,17). Moreover, KSC show peculiar
functional traits. Specifically, they proliferate in response to
combined IL-1ß, TNF· and IFNÁ (Fig. 2A), while these same
cytokines inhibit the growth of endothelial cells or even
cause their apoptosis (28). Similarly, extracellular matrix
fragments promote KSC, but not endothelial cell growth
(19), hence indicating that KSC possess an altered intra-
cellular signaling through the integrin receptors. Again
differently from normal endothelial cells, KSC are not
sensitive to the mitogenic effect of vascular endothelial
growth factor, although they express the receptors for this
angiogenic cytokine (10,11). Finally, KSC, but not endo-
thelial cells, are characterized by the constitutive activation
of matrix metalloproteases, which mediate KSC invasive
properties (10).

In this regard, also the low levels of basal telomerase
activity we detected in primary KSC suggest that they are
activated cells rather than true tumor cells. Nevertheless, the

finding that well-established KS initiation/progression factors
enhance KSC telomerase activity, and that this is accompanied
by an increase in KSC growth rate and invasiveness, makes
telomerase a good candidate to monitor AIDS-KS clinical
progression.

Longitudinal studies will be needed to determine if telo-
merase levels in AIDS-KS biopsies can distinguish the
different stages of disease progression. In vivo studies should
also evaluate whether in KS patients telomerase activity
correlates with response to therapy.
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