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Productive infection of HUVEC by HHV-8 is associated with changes
compatible with angiogenic transformation
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Kaposi's Sarcoma (KS) is an angioproliferative disease asso-
ciated with human herpesvirus 8 (HHV-8) infection. We have
characterized the morphologic and phenotypic modifications
of HUVEC in a model of productive HHV-8 infection. HHV-8
replication was associated with ultra-structural changes, flat-
tened soma and a loss of marginal folds and intercellular
contacts, and morphologic features, spindle cell conversion
and cordon-like structures formation. Phenotypic changes
observed on cordon-like structures included partial loss and
redistribution of CD31/PECAM-1 and VE-cadherin, uPAR up-
regulation and de novo expression of CD13/APN. Such
changes demonstrate the induction, in HUVEC, of an angio-
genic profile. Most of these findings are directly linked to
HHV-8-encoded proteins expression, suggesting that HHV-8
itself may participate to the initial steps of the angiogenic
transformation in KS.
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called Kaposi’s sarcoma-associated her-

pesvirus, is an oncogenic virus belonging to
the y2-herpesvirus family, which is associated, in
humans, with the development of unique malignan-
cies (Boshof fand Wiess, 1998, Neipel and
Fleckenstein, 1999; Cesarman et al., 1995; Soulier
et al., 1995). Among them, Kaposi’s sarcoma
(KS), an angioproliferative disease occuring in four
different clinical-epidemiological forms, has been
the first to be directly associated with HHV-8
infection (Chang et al., 1994).

Indeed, the finding of a high HHV-8-DNA load in
tumor tissues derived from all clinical forms of KS
together with the restricted intra-lesion expression
of HHV-8 latency-associated nuclear antigen
(LANA 1) (Dupin et al., 1999; Boshoff et al.,
1995; Sturzl et al., 1997, 1999; Staskus et al.,
1997) , which increases with the clinical stage of
KS, strongly argue for a direct involvement of
HHV-8-encoded proteins in tumor establishment
and progression (Malnati et al., 2003; Ensoli et al.,
2001).

KS is a peculiar form of vascular neoplasm char-
acterized by infiltration of lymphomononuclear
cells, presence of activated proliferating endothelial
cells forming abnormal blood vessels (slit-like ves-
sels), extravasation of red blood cells and prolifer-
ation of spindle-shaped cells expressing endothelial
and macrophage markers that are considered the
bona fide tumoral cellular elements of KS (Boshoff
et al., 1995; Fiorelli et al., 1998; Nickoloff et al.,
1989; Uccini et al., 1994, 1997).

The establishment of a reproducible in vitro
model for investigating the effects of HHV-8 infec-
tion and propagation on endothelial cells may be
crucial to define the hierarchy of pathogenic events
that lead to progressive angiogenic transformation
and tumor establishment. Several reports have doc-
umented that HHV-8 can infect primary endothe-
lial cells such as human bone marrow microvascu-
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lar endothelial cells, primary human umbilical
vein endothelial cells (HUVEC) and human der-
mal microvascular endothelial cells (DMVEC)
(Flore et al., 1998; Ciufo et al., 2001).

All these types of endothelial cells were latently
infected by HHV-8, as assessed by viral proteins
expression (such as LANA-1), acquired a
spindloid morphology showing a prolonged sur-
vival time (few months) in culture. In one case,
cell lines expressing telomerase activity and
anchorage-independent growth have been
obtained; however, in this model, only a small frac-
tion of cells (1-3%) expressed LANA-1 antigen
(Flore et al., 1998).

In spite of these results, none of the experimen-
tal models hitherto described efficiently supports
productive HHV-8 infection; therefore, such mod-
els are not suitable to investigate the potential ini-
tiating and promoting effects of viral lytic pro-
teins. Indeed, several genes expressed during the
viral lytic cycle encode homolog of cellular pro-
teins involved in signal transduction, apoptosis
and cellular regulatory pathways (Dagna et al.,
2003; Dourmishev et al., 2003); all these viral
gene products are good candidates for playing a
pathogenetic role in KS tumor formation through
autocrine and paracrine mechanisms (Ensoli et
al., 1989, 2001). Recently, productive infection of
primary human endothelial cells has been
obtained in vitro using a recombinant virus engi-
neered to monitor HHV-8 replication (Gao et al.,
2003). In this system, however, the endothelial cell
modifications that led to homogeneous, long-sur-
viving cultures of HHV-8 latently infected spindle-
shaped cells have not been fully investigated (Gao
et al., 2003). To elucidate the oncogenic potential
of HHV-8, we have developed a model of infection
of primary human endothelial cells (HUVEC)
grown in absence of heparin and endothelial mito-
gens such as VEGF and p-FGF using HHV-8-con-
taining supernatants derived from the EBV-nega-
tive human lymphoma B-cell line BCBL-1, partic-
ularly enriched in cellular growth factors and
cytokines (Mercader et al. 2000). Herein, we
describe the morphologic and phenotypic changes
occurring in HUVEC cells in concomitance with
HHYV-8 infection.

These findings altogether support the hypothesis
of a direct involvement of HHV-8 in the initiation
and promotion of an angiogenic transformation of
endothelial cells.
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Materials and Methods

HHV-8 viral stock

HHV-8 viral stocks were prepared from the cul-
ture supernatant of unstimulated BCBL-1 cells
that had been maintained in culture for less than 3
months in the absence of chemical stimuli. BCBL-
1 cells were grown in RPMI 1640 supplemented
with 10% heat-inactivated fetal bovine serum
(FBS) (PAA Labour, Linz, Austria)), 100 TU/mL
penicillin, 100 ug/mL streptomycin and 5x10° M
2-mercaptoethanol. Virus-containing cell culture
supernatant was spun at 1400xg (15 min, 4°C)
and filtered through a 0.4-um filter (Millipore) to
exclude residuals cells and debris. Precleared
BCBL-1 supernatant was aliquoted and frozen at
—80°C until used for infection.

HUVEC infection

Endothelial cells were obtained by perfusing
with collagenase human umbilical veins from
cords, provided by the Ostetricia and Ginecologia
Department of the San Raffaele Hospital. The
cells were grown in plastic flasks until they
reached confluence in medium 199
(BioWhittaker, Verviers, Belgium) containing
20% heat-inactivated FBS and 1% retinal
derived factor as described (Ferrero et al., 1995).

Primary endothelial cells were cultured without
heparin that decreases the binding of HHV-8 to
the target cells, and without endothelial growth
factors (e.g. VEGF, p-FGF), that drive endothe-
lial-cell differentiation. Moreover, the cells were
used within the second passage, to avoid the loss
of specific receptors (e.g. TNFR2), which typical-
ly occurs after prolonged culture periods.

BCBL-1 culture supernatant, containing
between 5x10° and 2x10° HHV-8 genome equiva-
lents/mL, was added to sub-confluent HUVEC
cultures (1x10% cells in transwell chambers;
5x10° cells in 16 mm squared cover slips; 1x10°
cells in 24 well plates).

After overnight incubation (Q/N), the super-
natant was discarded, cell cultures were washed
once to remove dead cells and complete fresh
medium was re-added to the cultures. Complete
medium was replaced every two days and controls
and infected cells were carried on under equiva-
lent culture conditions.

For time course experiments the first sample
considered (day 0) was collected 2 hours after an



extensive wash-out of the O/N infected cultures.

At fixed times all the culture supernatant was
replaced and HHV-8-DNA accumulation evaluat-
ed on the discarded supernatant. In the same
experiments control HUVEC cultures were chal-
lenged with aliquots of BCBL-1-derived super-
natant subjected to three rounds of inactivation
by UV light (16 J/m?; Lusso et al., 1991).

Real-time PCR assay and sample preparation

Quantification of HHV-8 DNA was performed
using the TagMan technology on an ABI PRISM
7700 SDS (Applied Biosystems, Foster City, CA).
Briefly, primers and probe for the quantitative
assay were derived from the KS330 Bam233
fragment of the conserved region ORF26 using
the Primer Express software (Applied Bio-
systems, Foster City, CA). PCR was performed by
activation of the uracyl-N-glycosylase (UNG)
(50°C for 2 min), followed by the AmpliTag Gold
activation (95°C for 15 min) and by 40 cycles of
amplification (denaturation step 15s at 95°C;
annealing /extension step 1 min at 60°C).

Primers and probes were used at the final con-
centration of 0.3 and 0.2 M respectively. Known
amounts of a plasmid carrying the ORF 26 frag-
ment amplified by the same primers were used to
obtain a reference curve for quantification of the
HHV-8 load.

Supernatant (1 mL) from HHV-8-infected cul-
tures was centrifuged (1,500 g, 15 min, 4°C) and
cell debris removed. Pre-cleared samples were
subjected to high-speed centrifugation (26,000
xg, 90 min, 4°C) to concentrate viral particles.

A synthetic calibrator DNA (10 copies of cali-
brator/sample) was added prior to DNA extrac-
tion and co-amplified with the HHV-8 target
sequence by real-time PCR. Primers and calibra-
tor probe were specifically selected in order to
avoid cross-hybridization with the HHV-8
sequences. DNA extraction from spun material
was performed using a phenol-chloroform
method, as described (Locatelli et al., 2000), and
purified material was resuspended in a final vol-
ume of 100 uL of AE buffer. Ten microliters of the
purified material were tested in each PCR reac-
tion in triplicate to measure both the calibrator
and the HHV-8 copy number.

Data were normalized based on the recovery
rate of the calibrator DNA as described (Broccolo
et al., 2002).
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Transmission Electron Microscopy

5x10* HUVEC were plated on transwell polycar-
bonate filters and allowed to reach confluence 5
days before the infection. Infection was carried on
as above described, and samples were overnight
fixed at 4°C with 2.5% glutaraldehyde in 0.1M
cacodylate buffer, pH=7.4, and washed in cacody-
late buffer. After that, the filters were excised and
processed for inclusion in EmBed-812 resin as
described (Ferrero et al., 1998).

Thin sections on copper grids were stained with
uranyle acetate and lead citrate and were analysed
at transmission electron microscope (Jeol 100 CX,
Jeol Tokio, Jp) equipped with a digital camera sys-
tem. All the reagents and supplies for TEM were
from Electron Microscopy Sciences (Fort
Washington, PA, USA).

Cytofluorimetric analysis

HUVEC were collected by brief exposure
to 0.25% trypsin/1 mM EDTA (Invitrogen Corp.,
Carlsbad, CA, USA) and washed twice in ice-cold
phosphate buffered 0.9% saline containing 1%
FBS (FACS buffer). Cells were suspended in a
final volume of 100 uL of FACS buffer, incubated
with anti uPAR mAb (R2, 2 ug/mL), kindly pro-
vided by E Rgnne and G Hdyer-Hansen (Finsen
Laboratory Copenaghen, Denmark), and then
washed twice with FACS buffer and incubated with
a FITC-conjugated goat-antimouse IgG polyclonal
antibody (Zymed, San Francisco, CA, USA) for 30
min. All these steps were performed on ice. After
washing, fluorescence was measured with a
FACScan (Becton Dickinson, Mountain View, CA,
USA) and the results were analyzed using the
CellQuest software.

Immunohistochemistry, immunofluorescence and
confocal microscopy

HUVEC plated and infected on 15 mm square
glass coverslips were fixed in 2% paraformalde-
hyde in Dulbecco’s PBS (DPBS), washed in
DPBS then submitted to double indirect
immunofluorescence combined with immunohis-
tochemistry (IHC) staining. Combinations of
monoclonal and polyclonal antibodies (Abs)
against HHV-8 LANA-1 (MAb antiORF 73,
ABI, Columbia, Maryland, USA) and v-IL6
(PAb anti ORF K2, ABI Columbia, Maryland,
USA), human CD31 (MAb clone M89D3:
Ferrero et al., 1995), human V E-cadherin (MAb
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BV9, VE-cad, kindly provided by Monica
Corada, IFOM, Milan Italy), Ki-67 (MAb clone
MIB-1 from Immunotech, Hamburg, Germany),
human  CD13/aminopeptidase N  (MAb
CD13/APN, clone WM15 from PharMingen,
San Diego, CA, USA), and Phalloidin-TRITC
(Sigma Immunochemicals, St Louis MO, USA)
were employed. Both antibodies against viral
proteins were trated on BCBL-1 cultures to
assess working dilutions and pattern of localiza-
tion. The cells were first incubated with a block-
ing solution (1% BSA in DPBS, 30 minutes,
RT), then with the primary Ab diluted in block-
ing solution (2 hours, RT), and finally, after 30
minutes washing in DPB with a fluorochrome-
conjugated secondary Ab (rabbit-anti-mouse Ig-
FITC, DAKO, Denmark, goat-anti-rabbit-
AlexaFluor 488, Molecular Probes, Eugene, OR,
USA) in DPBS (30 minutes RT).

Double staining was obtained by superimpos-
ing the same procedure with a different primary
Ab and a differently labeled secondary Ab (rab-
bit-anti-mouse Ig-TRITC, DAKO), or by apply-
ing Phalloidin-TRITC. LANA-1 was revealed by
IHC with the ABC method (ABC-élite Kkit,
Vector, Burlingame, CA, USA), prior to the other
staining, in order to improve the labelling inten-
sity.

For each experiment uninfected HUVEC and
cultures where non immune sera substituted pri-
mary antibodies served as negative controls.
Before adding Phallodin or anti-ORF73 or anti-
ORFK2 mAbs, HUVEC were permeabilized with
Triton-X100 in DPBS (0,1%, 10 minutes RT).
When indicated, DAPI (Sigma Immunochemicals,
St Louis MO, USA) nuclear staining (0,2 nM,
20 minutes RT) was performed following the
immunostaining.

The slides, abundantly washed in DPBS and
mounted with Fluorsave (Calbiochem, Merck
Eurolab Srl., Milan, Italy), were analyzed with
the support of a confocal microscope Leica TCS

SP2 (Leica Microsystems, Heidelberg, GmbH).

3D maximum projections were obtained from
single channel-collected Z-series of images, and

were superposed by Adobe Photoshop software.

IHC was evaluated at conventional light micro-
scope (BH2, Olympus, Melville, NY, USA) and
digital picture were taken with the help of an
Olympus C4040 zoom digital camera. Each
experiment was repeated at least three times.
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Results

Infection of HUVEC with HHV-8

HUVEC monolayers were exposed to the HHV-8-
containing culture supernatant of unstimulated
BCBL-1 cells and productive infection was moni-
tored by measuring the accumulation over time of
HHV-8 DNA in the culture supernatants (Figure
la), as well as the expression at different time
points of two HHV-8 encoded proteins, LANA-1
(ORF 73) and v-IL-6 (ORF K2) (Figure 1 c-e). We
choose this experimental approach avoiding con-
founding effects on HUVEC due to the residual
presence of well-known pro-differentiative agents
such as TPA and PMA. The viral DNA load was
measured using a novel real-time PCR approach
that, owing to a synthetic DNA calibrator added
before any sample manipulation, allows controlling
both for the efficiency of the extraction procedure
and for the presence of Tag-polymerase inhibitors,
thus avoiding miscalculation of the viral load. The
peak of viral DNA accumulation, a 100-fold
increase over the residual DNA load measured after
extensive culture washing, (time 0, see Materials
and Methods) was reached 36-48 hours post-infec-
tion (Figure 1a). In comparison, the peak of UV
inactivated HHV-8 mock decreased quickly (Figure
la).

To further document the productive infection of
HUVEC, the expression of LANA-1 and vIL-6 viral
proteins was examined by light and confocal
microscopy at different time-points. Starting from
24 hours after infection (t1), v-IL-6 displayed a
granular cytoplasmic pattern in few slightly altered
cells (Figure 1c), while, at day (t7), it showed a
peripheral distribution (Figure 6 ¢, d). Anti-LANA-
1 labeled almost exclusively the nuclei of elongated
cells from day 3 (t3) (Figure 1d, e) to t7, which
corresponded to 20-30% of the cells while normal-
ly shaped cells were negative (not shown). Similarly
to v-IL6, the expression intensity of LANA-1
(Figure 5b) weakened over time. No evidence of co-
expression of LANA-1 and vIL-6 was observed at
any time point.

Further evidence of productive HHV-8 infection
in HUVEC cells was obtained by TEM performed at
the peak (48h) of the infection as determined by
viral DNA accumulation. In each thin section about
10-20% of the cells contained virus-like structures
both in the nucleus and in the cytoplasm (Figure 1b,
inserts). The infected cells were thin and elongated,



similar to the spindle cells that characterize KS
lesions. The nuclei of infected cells displayed fine
chromatin with small chromocenters, the cytoplasm
was swollen, without a clearly organized Golgi, rich
in rough reticulum vescicles but poor in lysosomes,
and with round mitochondria (Bosman et al.,
1996).These cells failed to show the marginal folds,
typically protruding from the surface of normal
endothelial cells, and their cellular contacts were
weakened or lost (Figure 1b, insert). Interestingly,
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multivesicular and hyaline bodies, observed by some
authors in KS lesions, were undetectable, as were
Weibel-Palade bodies, the regulated secretory
organelles of endothelial cells (Michaux et al.,
2004).

Altogether, these findings clearly indicated that
HUVEC monolayers infected by a HHV-8 super-
natant derived from unstimulated BCBL-1 cells
were able to sustain both latent and lytic HHV-8
infection.

25 um

50 um

Figure 1. HUVEC infection by HHV-8: a Time course of HHV-8 replication. HHV-8 DNA accumulation peaked after 36-48h, decreased
slowly till day 10 becoming undetectable at day 17, differently from UV inactivated HHV-8 mock, that decreased early. The grey area
represents the threshold of sensitivity of the calibrated Real time PCR assay used (<10 genome equivalents/mL). b Transmission elec-
tron microscopy of an infected endothelial cell grown on a polycarbonate filter and harvested at 36 hrs after HHV-8 infection. The dif-
ferent insets evidence viral-like particles distribution and cellular alterations (original magnifications: x 2500, x 5000, 25000). c, d,
e confocal micrographs of infected cells at t1 showing viral IL-6 cytoplasmic expression (c; original magnification: x 600), DAPI (d)
and LANA-1 staining (e) on a small group of morphologically altered cells (original magnifications: x400).
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Figure 2. HUVEC morphology upon infection by HHV-8. Phase contrast microscopy of cells untreated (a, d) treated with UV-inactivat-
ed HHV-8 (b, e) or with infectious HHV-8 supernatant (c, f) at t1 (first row), and at t8 (second row). Arrows indicate in b, a spiralized
area, in ¢ rounded cells and in f few cells in the upper layer of cordon-like structure (original magnifications: x200).

Morphological changes occuring in HHV-8 infect-
ed HUVEC

The morphological changes accompanying HHV-
8 infection of HUVEC were followed daily with
contrast-phase microscope and compared with the
morphology of both control monolayer (untreated)
and monolayer exposed to UV-inactivated virus. At
t1, control cultures displayed the classical features
of normal HUVEC monolayers: strictly adjacent
clear polygonal cells, well spread and homogenous-
ly distributed (Figure 2a). By contrast, cells treat-
ed with either live or UV-inactivated virus showed
evident morphological changes. Cells treated with
UV-inactivated virus exhibited a smaller and elon-
gated shape (spindle-like) and grew forming a plane
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spiral already during the first 24 hours post-treat-
ment (Figure 2b, arrow). In comparison, infected
cultures grew with a more disorganized pattern
(Figure 2c): the cells were irregular in shape and
size, with elements characterized by elongated and
thin protrusions in close contact with rounded cells
(Figure 2c, arrows). After 1 week the morphology
of cultures treated with UV-inactivated virus par-
tially reverted to a normal appearance, mainly
showing polygonal cells not in close contact (Figure
2e); subsequently, there was a complete monolayer
rescue (not shown). By contrast, the loss of culture
organization in infected specimens worsened with
time (Figure 2d), accompanied by a significant cell
mortality (= 30-40%) between t3 and t5 (not
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Figure 3. HUVEC morphology at t20 after infection by HHV-8.
The presence of 2D structures that resemble capillaries
(arrows) (a) or of granulous dying cells (b) (original magnifica-
tion: x100) is shown.

shown). After 1 week of HHV-8 infection, HUVEC
appeared dramatically altered in both shape and
growth rate. The cells lost the contact inhibition and
started to grow in multiple layers: the upper layer
was mainly composed by cordons of (Figure 2f),
whereas the lower layer mantained a more regular
organization and a more conserved cellular shape.
Infected cells survived in culture for several days
with a reduced growth rate, but without showing
additional mortality. At t20, surviving cells alter-
nated areas of the monolayers forming two-dimen-
sional structures resembling capillary like struc-
tures (Figure 3a, arrows) with areas of disorgani-
zation containing high numbers of dying cells
(Figure 3 b) followed few days later by a massive
cell-death and loss of the infected cultures, both
occurring also in the uninfected controls.

Thus, in our model, UV-inactivated HH V-8 super-
natant induced only transient changes in HUVEC
cultures, whereas infectious virus induced irre-
versible alterations.
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Phenotypic changes in HHV-8-infected HUVEC

To assess whether in our system the morphologi-
cal alterations were accompanied by modifications
of the endothelial cell phenotype, we investigated
the expression and localisation of several endothe-
lial cell markers, in combination with the cytoskele-
tal arrangement and cellular proliferation status by
confocal microscopy. Twenty-four hours after HHV-
8 infection, the normal distribution of CD31
/PECAM1, which decorates the interendothelial
junctions in uninfected cultures (Figure 4a), was
altered, both with regard to its whole culture distri-
bution and its single-cell expression level. Areas
brigthly expressing CD31/PECAMT1, corresponding
to the cordon-like structures, were observed next to
areas of low CD31/PECAM1 expression (Figure
4b). Notably, the free margins of the cells at the
periphery of the cordons showed an unusually high
expression of CD31/PECAM, indicating an activat-
ed endothelial cell phenotype. The altered distribu-
tion of CD31/PECAM1, consistent with the pro-
found disorganization of the endothelial cultures,
was accompanied by a significant modification in

Figure 4. HUVEC phenotype upon infection by HHV-8. Confocal
microscopy of CD31/PECAM (a) , F-actin (c, left panel), VE-cad
and Ki67 (d) in uninfected HUVEC. CD31/PECAM (b); F-actin
(c, right panel), VE-cad and Ki67 (e, f) at t0 (e) and t7 (b, c¢) in
infected cells. An increase of CD31 signal is evident in b, the
loss of VE-cadherin expression accompanied by the increase in
the number of Ki67 positive cells is shown in f, and the pres-
ence of stress fibers displayed by cordon cells is evident in ¢
(right panel) compared with typical peripheral bundles of quies-
cent HUVEC (left panel)(original magnification: x 600).
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Figure 5. Angiogenic markers expression in cordon-like struc-
tures at day 7 upon HHV-8 infection. a: Time course analysis
of uPAR expression, in cells uninfected (black diamond), VEGF-
treated (black circle), and treated with UV-inactivated (black
triangle) or infectious HHV-8 BCBL-1 supernatant (black
square). Noteworthy, uPAR expression was already significant-
ly up-regulated after O/N infection (t0). b, c: Analysis of
CD13/APN expression. Expression of the CD13/APN molecule
is restricted to HUVEC cells in the upper layer of the cordon-like
structures (original magnification: x 600).
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the cytoskeletal arrangement. Indeed, at t7, the
infected cells corresponding to the lower layer dis-
played quiescent F-actin peripheral bundles (Figure
4c¢ left), while those in the upper layer displayed
stress fibres, again indicating endothelial cell acti-
vation (Figure 4c right).

To better define the magnitude of the endothelial
modifications, we investigated the distribution of
another specific endothelial cell-molecule, VE-cad,
which is involved in the formation and maintenance
of the interendothelial junctions. In control
HUVEC, VE-cad decorates the intercellular profile,
lining the finger-like contacts typical of a confluent
monolayer (Figure 4d). Upon infection, VE-cad sig-
nal progressively decreased and adopted a peculiar,
dot-like pattern, mainly occurring in cordon struc-
tures (Figure 4e). Consistently, the proliferation
rate of the cells belonging to the cordons increased,
as showed by Ki67 co-staining (Figure 4d-f).

In conclusion, infected HUVEC showed signs of
functional activation, such as proliferation and
stress-fibers generation, together with the loss of
the specific lineage markers, CD31/PECAM1 and
VE-cad.

Infected HUVEC show changes reminiscent of an
angiogenic transformation

To better characterize the nature of the changes
induced by HHV-8, we investigated whether infect-
ed HUVEC had undergone an angiogenic switch. To
this end, we examined the expression of uPAR,
which is involved in the process of extracellular
matrix proteins degradation and cell-migration,
both processes preliminary to the formation of new
vessels (Kim et al., 2003; Trisciuoglio et al., 2004).
UPAR expression, as demonstrated by FACS analy-
sis, increased in the early stages of infection (from
t0 to t3) (Figure 5a), indicating a propensity of the
cells to move, but was lost after one week of HHV-
8 infection. All the control cultures (untreated,
treated with UV-inactivated virus or treated with
VEGF), displayed a lower uPAR expression level
and a negligible increase over time (Figure 5a).
Analogously, CD13/APN, a membrane-bound met-
alloprotease that is expressed on the endothelial
cells of angiogenic but not normal vessels, was
expressed by HUVEC forming the upper layer cor-
don-like structures in infected cultures (Figure 5c¢),
but not by cells forming the lower layer (Figure 5b).
Interestingly, DAPI staining showed that the cordon
structures were formed by 30-50 strictly packaged
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Figure 6. HHV-8 antigen expression in cordon-like structures. Microscopy of HUVEC cordon structures stained with DAPI (a) and anti-
LANA-1 (IHC) (b) or with anti-v-IL6 (confocal microscopy) (e, d) at t7 after infection. The cordons are formed by a hight number of cells
weakly expressing LANA-1, whereas a minority of cells located at the periphery expressed v-IL6; a higher magnification of a v-IL6 pos-
itive cell is shown in d (original maghnification: x 400 in a, b; x 600 in e; x 1200 in d).

cells disposed irregularly in 2-3 layers, with normal
nuclei (Figure 6a). Notably, only within the upper
layer most nuclei weakly expressed the LANA-1
antigen (Figure 6b), while fewer cell, localized in
the periphery, expressed v-IL6 (Figure 6c¢, d), indi-
cating a direct involvement of HHV-8 in the neoan-
giogenetic process.

Discussion

Using complementary experimental approaches,
we confirmed that primary human endothelial cells
can be productively infected by HHV-8, a virus
linked to the etiology of peculiar tumors character-
ized by marked neoangiogenesis. More importantly,

we provided evidence that the presence of actively
replicating HHV-8 drives consistent morphologic
and phenotypic changes in cultures of primary
human endothelial cells, which resemble the first
steps of angiogenic transformation.

Similarly to other in vitro models (Ciufo et al.,
2001; Gao et al., 2003), our experimental system
is characterized by the coexistence of cells showing
signs of both the latent and lytic phases of the
HHV-8 life-cycle, as well as by an important cell
depletion after 3-5 days of culture and by the
appearance of spindle-like cells early after infec-
tion. However, we have also observed an angiogenic
transformation of endothelial cell cultures never
described before in HHV-8-infected model systems,
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with the formation of foci of irregularly-shaped
cells, which lost contact inhibition and grew form-
ing multilayers in cordon-like structures consisting
of 30 to 50 cells. These structures were directly
linked to HHV-8 replication, as suggested by the
expression of vIL-6 and by the persistent HHV-8
DNA release in the culture supernatant. In fact, the
spindle-like morphology cannot be considered as a
bona fide HHV-8-driven phenomenon since, in our
hands, it occurred also in cells treated with UV-
inactivated HHV-8, and it has been obtained puls-
ing normal endothelial cells with inflammatory
cytokines (Ensoli et al.,, 1998, 2001; Samaniego
et al.,, 1998). These cordon-like formations were
characterized by a number of morphologic and phe-
notypic changes, such as redistribution of CD31
/PECAM1 molecule, loss of VE-cad expression, and
cytoskeletal re-organization accompanied by de
novo expression of the CD13/APN molecule.
PECAM-1, a member of the Ig superfamily, is
expressed on endothelial cells at the level of the
intercellular junctions (Newman, 1997; Sun et al.,
2000; Feng et al., 2004; Dejana , 2004), con-
tributing to create and maintain the endothelial
barrier function (Ferrero et al., 1995, 1996; Zocchi
et al.,, 1996; Nakada et al., 2000). Moreover,
PECAMT1 is able to coordinate the assembly of F-
actin filaments occurring in cell-reshape and migra-
tion (Ohmori et al.,, 2001; Poggi et al., 1996;
Matsumara et al., 1997). Finally, PECAM1 plays a
role in tumor-associated angiogenesis in various
animal models (DelLisser et al., 1997) and is
involved in the ability of endothelial cells to form
three dimensional networks in Matrigel (Sheibani
et al., 1997). Altogether, these features suggest
that PECAM1 actively partecipates to the angio-
genetic machinery. Therefore, the altered distribu-
tion and partial loss of PECAM1 expression,
observed in HHV-8 infected HUVEC, together with
the regular arrangement along the cellular major
axes of the cytoskeletal fibers occurring in cordon-
like structures are suggestive of an ongoing angio-
genic switch. This hypotesis is strengthened by the
presence of reduced level of VE-cad on the same
type of cells and its unique pattern of surface
distribution. On endothelial cells, VE-cad (Lampu-
gnani et al., 2003) is specifically located at the
adherens junctions forming zipper-like structures
along the intercellular contacts (Figure 4d). This
protein is linked through its cytoplasmic tail to
pl120, P-catenin, and y-catenin (Gottardi and
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Gumbiner, 2001), which, in turn, mediate the
anchorage of VE-cadherin to the actin cytoskele-
ton. VE-cadherin expression and clustering at inter-
cellular junctions blocks the proliferative response
of the cells to VEGF (D'Amore, 1992; Vinals and
Pouyssegur, 1999), suggesting that VE-cadherin
may transduce growth-inhibitory signals (Vinals
and Pouyssegur, 1999; Fagotto andd Gumbiner,
1996). Indeed, contact inhibition of VEGF-induced
proliferation requires the integrity of the vascular
endothelial cadherin, B-catenin, and the phos-
phatase DEP-1/CD148 network (Caveda et al.,
1996). Noteworthy, in our experimental setting, the
cells grouped in the cordon-like structures lost the
contact inhibition, displaying a profound remodel-
ling of VE-cad in concomitance with the acquisition
of a high rate of proliferation. Indeed, the pertur-
bation of the lateral localization of VE-cad, similar
to the one found after Ca*™ chelation or sialidase
treatment, substantiates the tendency of the cells to
migrate.

On the whole, the profound changes observed
raise the question of whether HHV-8 infected
HUVEC initiate an angiogenic process. Angio-
genesis is a highly organized process in which
growth factors like basic fibroblast growth factor-2
(B-FGF-2) and vascular endothelial growth factor-
A (VEGF-A) stimulate endothelial cells to secrete
matrix metalloproteinases, migrate, proliferate, and
finally differentiate to form a capillary (Marchio et
al., 1999; Bussolino et al., 1997). In this context,
the expression of the urokinase-type plasminogen
activator receptor (UPAR) and of the CD13/APN
plays a crucial role in regulating the angiogenic
program. In fact, uPAR localizes uPA at the cell
surface making cell-associated proteolysis focally
oriented. Similarly, the CD13/APN metalloprotease
is expressed de novo only on angiogenic but not on
normal vessels (Bhagwat et al., 2003). Moreover,
treatment with CD13/APN functional inhibitors
arrested retinal neovascularization, chorionallanto-
ic membrane angiogenesis and xenograft tumor
growth in animal models (Bhagwat et al., 2001).
The marked expression of CD13/APN on cordon-
forming cells, as well as the timely regulated induc-
tion of uPAR occuring only in HHV-8 infected cul-
tures, provide a strong argument in favor of a HHV-
8 driven angiogenic switch.

Following the exposure to HHV-8, we have not
achieved a frank neoplastic transformation of
HUVEC cells since we could not establish



monomorphic continuous cell lines. On the other
hand, several lines of evidence suggest that, in vivo,
KS in its early stage is not a true sarcoma but
rather a hyperplastic reactive process mediated in
part by inflammatory cytokines and angiogenic fac-
tors triggered by HHV-8 infection. Indeed, KS
lesions can simultaneously appear with a symmetri-
cal localisation in the absence of metastases; the
lesions are characterized by a polyclonal profile of
both androgen receptor gene methylation and
HHV-8 genomic terminal repeats (TR) (Judde et
al., 2000; Gill et al., 1998) in the absence of signs
of aneuploidy (Gill et al., 1998). In addition, KS
can regress spontaneously or, in AIDS patients, fol-
lowing the administration of highly active anti-
retroviral therapy (HAART) (Janier et al., 1985;
Lebbe et al., 1998). Therefore, it is likely that the
progression of KS into a real monomorphic sarco-
ma, as sustained in advanced KS lesions by the
findings of aneuploidy, microsatellite instability and
clonality of Kaposi spindle cells (Bedi et al., 1995;
Rabkin et al., 1995; Rabkin et al., 1997; Herndier
et al.,, 1994), may require additional factors
besides HHV-8, such as a permissive microenviron-
ment, mainly consistent of cytokines, angiogenic
and cellular growth factors, capable of promoting
the expression of cellular oncogenes and of timely
modulating virally encoded oncogenes and promot-
ing factors. Nevertheless, this model offers a clear
evidence for a direct HHV-8 involvement in the ini-
tiation and establishment of a series of early angio-
genic changes that may be relevant to KS patho-
genesis.
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