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Kaposi’s sarcoma (KS) is a highly angiogenic lesion which frequently presents as an aggressive form in
HIV-infected male patients. We have previously shown that the HIV-1 Tat protein induces endothelial
cell migration and invasion zn vitro and a rapid angiogenic response in vivo, suggesting that it acts as a
cofactor in epidemic KS. In this study we tested beta interferon (IFN@) and retinoic acid (RA) for the
inhibition of Tat-induced angiogenesis using in vivo and in vitro models. IFNf3, at a concentration
above 2500 U/ml, was an effective inhibitor of Tat-stimulated growth, migration and morphogenesis of
an endothelial cell line 7n vitro and of angiogenesis in vivo. A strong reduction of properties associated
with neovascularisation was induced by 10000 U/ml. In vivo, RA alone was on ineffective inhibitor of
angiogenesis, and in vitro gave only a limited inhibition of endothelial cell growth. However, 13-cis RA
used in combination with IFN3 impressively potentiated its effects. A combination of lower doses of
IFNB (2500 U/ml) and 13-cis RA induced a virtually complete inhibition of the Tat-related angiogenic
phenotype both 2n vivo and in vitro. The potentiation of the anti-angiogenic activity of IFNf3 by 13-cis
RA suggests that this combination could be a useful approach for the therapy of epidemic KS. © 1998

Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

TUMOUR NEOVASCULARISATION is necessary for tumour growth
and metastatic dissemination of tumour cells [1]. The first
step in the multistep process of neovascularisation is stimu-
lation of the endothelial cells by the cytokines produced by
inflammatory and tumour cells. The endothelial cells then
lose their contact inhibition, migrate and breach the base-
ment membrane using specific proteolytic enzymes (MMP-2,
MMP-9, u-PA) [2], proliferate and differentiate to organise
new vessels.

Kaposi’s sarcoma (KS) is a mesenchymal neoplasm invol-
ving the skin, in some cases the lymph nodes and the muco-
sae, particularly of the digestive tract. The classic form occurs
in the skin of elderly men, but a more virulent and invasive
form frequently occurs in homosexual male AIDS patients
[3—6]. Histologically, KS is characterised by an inflammatory
infiltrate and spindle-shaped cells, in addition to endothelial
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cells [5, 6]. One of the most peculiar features of KS is a prom-
inent but poorly organised angiogenesis. The KS spindle cells
are considered the neoplastic cells in the KS lesion [7]. The
origin of these cells is debated, as they co-express mesenchy-
mal, endothelial and macrophage markers [8,9]. In most KS
cases, the spindle cells have a normal karyotype [10],
although some chromosomal alterations have been reported
[11-13].

KS appears to occur in patients with an immunological
imbalance, found both in the elderly and immunodeficiency
conditions, including AIDS and post-transplant immuno-
suppression. The aetiopathogenesis of AIDS-related KS is
still controversial, the factors probably involved are activation
of a latent HHV-8 infection (a new member of the family of
the herpes viruses [14]), a local cytokine imbalance [15] and,
in the case of the aggressive epidemic form, the HIV-1 zaz
gene product [16-19].

HIV-Tat is an angiogenic factor which stimulates growth
and migration of vascular cells and promotes endothelial cell
morphogenesis [20]. Tat is able to bind heparin and it
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mimics cellular heparin binding angiogenic factors [21], acti-
vating the vascular endothelial growth factor (VEGF) recep-
tor KDR through its basic Arg—Lys rich domain [22]. These
data suggest that Tat is involved in the highly aggressive KS
forms found in AIDS patients. The inhibitor of gelatinase A,
TIMP-2, has previously been shown to block effectively basic
fibroblast growth factor (bFGF)-induced angiogenesis
[16,23], but had no effect on that induced by Tat [16].
Therefore, we have searched for novel pharmacological
approaches to interfere with Tat-induced angiogenesis.

Interferon (IFNs) have been found to be effective in the
anti-angiogenic therapy of tumours such as haemangiomas
[24]. IFNo, whose antiretroviral properties are well known
[25], is already used in the therapy of AIDS-KS [26,27].
IFNs have been found to have antiproliferative and anti-
invasive activity in various malignancies, both # vitro and in
v1vo [28-30]. The systemic administration of IFN« and B can
produce the regression of vascularised tumours through a
mechanism associated with endothelial cell damage which
leads to necrosis [30]. IFNs are able to downregulate bFGF
mRNA expression and protein production in human carci-
nomas [31]. Several years ago, we were the first group to
demonstrate the anti-invasive properties of fibroblast inter-
feron [32]. Recent studies have shown that IFNJ decreases
72 KDa gelatinase production and the type IV collagenolysis
in human carcinoma cells [33], while production of MMP-2
in normal cells was not affected, suggesting that its action
may be specific for transformed cell types. IFNf is poorly
expressed in the normal epithelium surrounding invasive
tumours [34].

Retinoids, a group of vitamin A metabolites and synthetic
analogues, can suppress the transformed phenotype and
enhance the differentiation of many types of tumour cells iz
vitro and i vivo. Some of these compounds have been eval-
uated for potential use in the prevention and treatment of
cancer in humans [35]. Several retinoids decrease the activity
of type IV collagenase in various transformed and normal
cells [36]. The inhibition of angiogenesis by retinoids is
probably linked to their antiproliferative effect which down-
regulates the expression and release of angiogenic factors,
including bFGF, tumour necrosis factor (TNFa), epidermal
growth factor (EGF), and VEGF by tumour cells. Retinoids
could also regulate metalloprotease activity directly in endo-
thelial cells [37]. In this study, we tested the ability of IFNf
and 13-cis retinoic acid (RA) alone and in combination to
inhibit Tat stimulation of endothelial cells iz vivo and in vitro.

MATERIALS AND METHODS

Materials

Heparin (Clarisco, Schwarz Pharma S.p.A.) was used in
vitro at a concentration of 0.01 U/ml and i vivo at 24 U/ml.
Human synthetic HIV-1 Tat protein (Tecnogen) was dis-
solved in phosphate buffered saline (PBS) with 0.1% bovine
serum albumin (BSA), aliquoted and stored at —80°C. The
Tat purity was tested in Western blot analysis (Silver-stain-
ing) and Tat was used in the dark at 4°C to avoid degrada-
tion. Human IFNf (Frone 3 000 000, Serono, a preparation
for clinical use containing no preservatives) was dissolved in
PBS, aliquoted, stored at —80°C and used at a concentration
of 2500 U/ml. All-trans and 13-cis RA were purchased from
Sigma, dissolved in ethanol, stored at —20°C and used at the
concentration of 10 pM. Matrigel was purified from the EHS
tumour as previously described [38] and is commercially
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available from Collaborative Biomedical Products (Bedford,
Massachusetts, U.S.A.).

Cells

The human endothelial-like immortalised cell-line
EAhy926, derived from the fusion of human umbilical vein
endothelial (HUVE) cells with the A549 lung carcinoma cell
line, has been shown to have an endothelial-like phenotype
[39]. These cells were maintained in Dulbecco’s modified
essential medium (DMEM) with 10% fetal calf serum (FCS)
heat inactivated (Seromed), supplemented with glutamine
(300 pg/ml), penicillin (100 U/ml) and streptomycin (50 pg/
ml). Primary cultures of KS spindle cells [40] were grown in
50% DMEM and 50% RPMI 1640, 10% FCS supplemented
with glutamine (300 pg/ml). HUVE cells were obtained from
the ATCC and cultivated on gelatin-coated plates (1.5% in
PBS) in M199 containing 10% heat inactivated FCS, 100 pg/
ml heparin, 60 pg/ml endothelial cell growth factor (ECGS;
crude extract isolated from bovine brain), at 37°C in a 5%
COs,.

In vivo angiogenesis

We utilised the matrigel sponge model of angiogenesis
introduced by Passaniti and colleagues [41] and modified by
Albini and associates [16]. IFNf (250, 1000, 2500, 5000 and
10000 U/ml), all-zrans and 13-cis RA (15 pg/gel) singly or
together were mixed with Tat and heparin and added to
unpolymerised liquid matrigel at 4°C to a final volume of
600 ul. The matrigel suspension was slowly injected sub-
cutaneously into the flank of C57/bl6 male mice using a cold
syringe. In vivo the gel polymerises quickly to form a solid gel.
Between four and 11 mice were used for each treatment and
experiments were performed four times. Matrigel with buffer
alone was used as the negative control. After 4 days, the gels
were collected and weighed. Samples were either minced and
diluted in water to measure the haemoglobin content, utilis-
ing a Drabkin reagent kit (Sigma, St Louis, Missouri,
U.S.A.), with normalisation to 100 mg of recovered gel and a
standard curve of mouse blood haemoglobin, or some sam-
ples fixed in formalin, embedded in paraffin and sections
stained with haematoxylin and eosin for histological analysis.

Chemotaxis assay

These assays were carried out in Boyden chambers as
described by Postlethwaite and colleagues [42] and modified
by Albini and associates [43]. EAhy926 cells were harvested
in trypsin/ethylenediaminetetraacetic acid (EDTA) solution
(0.05/0.02% in PBS, Seromed), collected by centrifugation
and resuspended in DMEM with 0.1% BSA. The lower
compartment of Boyden chambers (200 ml) was filled with
the chemoattractant: Tat protein (10ng/ml) with heparin
(0.01 U/ml) diluted in DMEM with 0.1% BSA. DMEM with
0.1% BSA alone (serum-free medium (SFM)) was used as a
negative control to evaluate random migration. EAhy926
cells (1.2 x 105/400 pl per chamber) were placed in the upper
compartment. The cells (except the controls) were pretreated
for 24h with IFN and with 13-cis RA either separately or
together. The drugs were maintained in the cell culture dur-
ing the experiments. The two compartments were separated
by a polycarbonate filter (12mm pore/size; Nucleopore)
coated with gelatin to allow for cell adhesion. The chambers
were incubated for 6h at 37°C in a humidified atmosphere
containing 5% CO,. After incubation, cells on the upper side
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of the filter were removed. The cells which had migrated
to the lower side of the filter were fixed in 100% ethanol,
stained with toluidine blue and between five and eight unit
fields per filter were counted at 160 x magnification with a
microscope (Zeiss). Tests were run in triplicate and repeated
six times.

Growth assays

EAhy926 cells were counted and plated at the appropriate
cell number (20 000 cells/1000 pl/well) into 24-well microtitre
plates. After 6 h, Tat-stimulated cells were treated with drugs
at the final concentration of 2500 U/ml IFN and/or 10 uM
13-cis RA, each treatment made in triplicate. SFM was used
as the negative control. The cultures were incubated for 48 h
at 37°C. The cells were collected by trypsinisation, fixed with
formalin, and counted in a Burkitt haemocytometer.

Matrigel morphogenesis assay

Three hundred microlitres of matrigel/well was poly-
merised into a 24-well microtitre plate for 1h at 37°C. A
suspension of HUVE cells was carefully layered on top of the
polymerised gel and incubated at 37°C as previously described
[44, 45]. Cells were plated in DMEM with 10% FCS con-
taining Tat (10ng/ml) and heparin (0.01 U/ml), negative
controls were plated in DMEM with 10% FCS alone. IFNf
(2500 U/ml) and RA (10 uM) were used either alone or in
combination. The effects of the treatments on the growth and
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morphogenesis of Tat-treated endothelial cells could be
observed microscopically after as little as 6 h [20]. After 18 h
the networks were photographed with a Leika DM-IRB
microscope.

RESULTS

In vivo angiogenesis

Tat and heparin together induced a very strong, haemor-
rhagic angiogenic response (Figure 1) as previously reported
[16], while untreated control gels were not vascularised.
Inclusion of IFNf with Tat in the matrigel dose-dependently
inhibited the vascularisation of the gel beginning at con-
centrations of 2500 U/ml (Figure 1), inhibition was virtually
complete at 10000 U/ml IFNP (Table 1). However, low-
doses of IFNP (250-1000U/ml) produced an apparent
increase in Tat-induced angiogenesis. 13-cis RA alone (15 pg/
gel) did not inhibit Tat-induced vascularisation but appeared
to sustain Tat-induced angiogenesis (Figure 1 and Table 1).
However, 13-cis RA potentiated the inhibitory effect of IFNf
(Figure 1 and Table 1), giving maximal inhibition with much
lower doses of IFNf. All-zrans RA (ATRA) appeared to exert
a slight increase of Tat-induced angiogenesis either alone or
in combination with IFNp.

Chemotaxis
The EAhy926 immortalised endothelial cell line was used
to assess the inhibitory effect of IFN and 13-cis RA (separately

92¢ ¢ @

+ I[FNB 1000 U/ml + IFNB 2500 U/ml

o 9F

+ATRA 15 poigel + 13-cis RA 15 pglgel

+ IFNB 2500 U/ml
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Matrigel alone

Figure 1. Dose-dependent effects of beta interferon (IFN) and synergistic inhibitory effects of low-dose IFNf3 and 13-cis reti-
noic acid (RA) on Tat-induced angiogenesis. Matrigel pellets were recovered 4 days after the inoculation and photographed. The
inhibitory effect of IFN{ was conspicuous only at elevated doses (5000 and 10 000 U/ml). Both IFNf (2 500 U/ml) and RAs (15 pg/gel)
used alone did not show any anti-angiogenic properties. In addition, the combination of IFN@ and all-trans retinoic acid
(ATRA) failed to give any inhibitory effect. In contrast, the addition of IFNf and 13-cis RA together results in total inhibition of
Tat-induced angiogenesis with a median haemoglobin (see Table 1) content comparable to the negative control (matrigel alone).
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Table 1. Angiogenic response in matrigel sponges measured as haemoglobin content

Factors added to matrigel Haemoglobin g/dl (median) Range No matrigel sponges
Matrigel alone 0.015 0-0.069 8
Tat+hep 0.274 0.035-4.260 22
Tat+hep+IFNB250U 0.648 0.119-1.324 4
Tat+hep+IFN1000U 0.632 0.014-1.293 8
Tat+hep+IFN(2500U 0.284 0.025-1.835 19
Tat+hep+IFNB5000U 0.101 0.005-2.683 8
Tat+hep+IFNB10000U 0.086 0.006-1.664 4
Tat+hep+ATRA15ug 0.501 0.013-1.416 9
Tat+hep+cisRA15ug 0.364 0.115-2.065 8
Tat+hep+IFNB2500U+cisRA151g 0.024 0.006-0.615 9
Tat+hep+IFNB2500+ATRA15ug 0.545 0.088-1.806 8

Hep, heparin; IFNB, beta interferon, ATRA, all-trans retinoic acid; cisRA, 13-cis retinoic acid. Inhibition of Tat-induced angiogenesis in
matrigel pellets by IFNf. Tat-induced antiogenesis in vivo is measured as g/dl of haemoglobin in matrigel sponges. Median value, range and
number of sponges are given. Downregulation of angiogenesis with IFN was dose-dependent starting from 2500 U/ml. Low-doses of IFN,
all-trans and 13-cis RA appeared to increase the angiogenic response. Inhibition of Tat—heparin-induced angiogenesis in matrigel pellets by
IFNp (2500 U/ml) was strongly enhanced by the association with 13-cis RA (15 pg/gel). This combination completely abolished the angiogenic

effect of the Tat protein, while the association of IFNf with ATRA had no inhibitory effect.

and combined) on Tat-induced migration. Tat, in the pres-
ence of heparin in the lower compartment of Boyden chambers,
induced migration of EAhy926 cells. Pretreatment for 24h
with IFNf gave dose-dependent inhibition of Tat-induced
migration (Table 2), with 70% inhibition at 10 000 U IFN.
13-cis RA or IFNf 2500 used alone (10 pM) showed limited
inhibitory effect on Tat-induced endothelial cell migration
(Table 2), but a combination of IFNf (2500 U/ml) with 13-
cis RA (10 pM) gave 50% inhibition with respect to controls
(Table 2).

Growth

The effect of IFNP and 13-cis RA on the growth of Tat-
stimulated endothelial cells was also analysed. Both 2500 U/ml
IFNB and 10puM 13-cis RA alone reduced Tat-stimulated
growth, with IFNf alone reducing growth to nearly that seen
with SFM alone. A combination of IFNB and 13-cis RA
completely blocked Tat-stimulated endothelial cell growth
(Figure 2).

Growth on matrigel

Endothelial cells (EAhy926 and HUVE) form capillary-like
structures when cultured on polymerised matrigel at 37°C
[45]. Tat increases the formation of this anastomosed cellular
network as compared with untreated cells [20], similar to that
produced by addition of ECGS. Treatment with 2500 U/ml
IFNB or 10 uM 13-cis RA inhibited the effect of Tat and only
incomplete structures were formed after 18 h. Complete inhi-

bition was induced by the combination of the two molecules:
HUVE cells were unable to form anastomosed capillary struc-
tures in the presence of both IFNf and 13-cis RA (Figure 3).

DISCUSSION

KS is a form of malignancy which occurs in elderly or
immunosuppressed patients, and it is often associated with
AIDS [4-6]. It has some features that are not typical of
tumours: for example, KS may regress, it can appear as a
multicentric lesion, and its cells usually do not show abnor-
mal karyotypes, although some immortal cases have been
shown to have abnormal karyotypes [11-13]. KS is composed
of different cells, an inflammatory infiltrate, endothelial cells
and spindle-shaped cells which are considered to be the true
neoplastic cells [4-6].

The aetiopathogenesis of KS is still controversial—a new
herpesvirus, KSHV/HHV-8 is implicated in KS [14]. The
aggressiveness of the AIDS-associated form of KS can be
partially explained by the angiogenic effect of the HIV-1 Tat
protein [16], which can be considered a cofactor. The zar
gene product could stimulate the spindle-shaped KS cells
initially and act to maintain the lesion once induced, through
recruitment of endothelial cells [20] and monocytes [46].
The angiogenic activity of Tat is strongly enhanced by
heparin [16, 21]. Tat contains a basic sequence, common to
other heparin binding angiogenic growth factors [21] which is
involved in Tat binding and activation of the VEGF KDR
receptor [22].

Table 2. Migrated cells/field

Chemoattractant EAhy926 +IFNB (2500U/ml) +IFNf (10000U/ml) +cisRA (10pM)  +IFN (2500 U/ml) + cisRA (10 pM)
Serum-free medium 27*6 - - - _
Tat+heparin 39+6 25+7 14t2 274 1927

IFN, beta interferon; cisRA, 13-cis retinoic acid. Dose-dependent inhibition of Tat-induced migration of endothelial cells (EAhy926), by
IFNf. Serum-free medium alone was used as a negative control and Tat (10 ng/ml) plus heparin (0.01 U/ml) as the chemoattractant. The
inhibition exerted by 2500 U/ml IFNf on Tat-induced chemotaxis caused a significant decrease of cell migration comparable to unstimulated
basal levels (P < 0.006 using Student ¢ test for Tat+hep+IFNB2500 versus Tat+hep). A 4-fold higher dose (10000 U/ml) of IFNf showed
potent inhibition of Tat-induced endothelial cell migration, with a cell count below the value of unstimulated cell migration (using Student ¢
test Tat+hep+IFNB10000 versus Tat+hep P < 0.0001). While IFN 2500 U/ml was partially effective in inhibiting endothelial cell growth
and 13-cis RA alone shows a weak inhibition; these drugs used together gave a significant synergistic inhibition of Tat-induced endothelial cell
migration (Student ¢ test, P < 0.001 when compared with Tat+hep).
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Figure 2. Growth assay. The EAhy926 endothelial cell line
(20000 cells/ml) was incubated with Tat (10 ng/ml) plus heparin
(h) (0.01 U/ml) as a growth stimulus, while serum-free medium
(SFM) was used as a negative control. Beta interferon (IFN{3)
was used at a concentration of 2500 U/ml and/or 13-cis retinoic
acid (czs) at 10 uM. Both drugs used singly showed inhibition of
Tat-induced cell growth; when used together, the inhibition
observed was greater than that with SFM alone.

M. lurlaro ez al.

Angiogenesis inhibitors act on different steps of tumour
angiogenesis: endothelial cell motility, basement membrane
degradation, cell growth and cell organisation into the new,
often incomplete, vessel network [1]. The anti-angiogenic
activity of IFNo and IFN are already known, and IFNq is
currently employed in the therapy of haemangiomas [24] and
of K8 itself [27]. IFN-CON 1, a derivative of IFNa widely
employed in the therapy of AIDS-KS, downregulates the
elevated c-myc expression which stimulates the proliferation
and the migration of cultivated AIDS-KS spindle cells [47].
IFNp is able to modulate growth factor production and
function, blocking colony stimulating factor (CSF)-1-
induced monocycte replication [48], inhibiting platelet
derived growth factor (PDGF)-induced signal transduction
in fibroblasts [49], downregulating bFGF mRNA in renal
carcinoma cells [31] and reducing EGF receptor expression
in breast cancer cells [50]. From these observations, IFNf
appears to exert its inhibitory effect on growth factors acting
directly on their expression or on receptor expression and
function. IFN has also been employed in combination with
a derivative of fumagillin (AGM1470) as an anti-angiogenic
drug against solid tumours [51]. We have shown that IFNf
can inhibit tumour cell invasion [32]. IFNf has also been
demonstrated to downregulate 72kDa type IV collagenase

Tat+hep

Tat+hep+13CisRA

Tat+hep+IFNB+13CisRA

Figure 3. Inhibition of Tat-induced formation of a capillary-like network on a matrigel substrate (in vitro morphogenesis). Cells

were photographed after 24 h of incubation. Cells stimulated with Tat (10 ng/ml) plus heparin (0.01 U/ml) were treated with beta

interferon (IFN) (2500 U/ml) and/or 13-cis retinoic acid (RA) (10 uM). The combination of the two drugs prevented human
umbilical vein endothelial (HUVE) cell organisation into a ‘vascular’ network.
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(MMP-2) production in renal carcinoma and chor-
iocarcinoma cells, thus reducing their invasiveness [33,52].

Retinoids are a class of molecules well known for their
effects on cellular differentiation, and they are considered an
adjuvant treatment for many tumours. Retinoids down-
regulate the production of MMP-2 and plasminogen acti-
vator (both uPA and tPA) in melanoma [53] and also the
production of growth factors (Oncostatin M and TNFa) in
KS [54].

Here we have shown that IFNf used at 2500 U/ml is able
to inhibit partially endothelial cell growth and also partially
inhibits the organisation in capillary-like structures. IFNf
inhibits endothelial cell migration # vitro and angiogenesis iz
viwo at 10 000 U/ml. Lower doses of IFNB (2500 and 5000
U/ml) were less effective in inhibition of migration and
angiogenesis, while 250 or 1000 U/ml IFNf appear to cause,
in vivo, a potentiation of the angiogenic response; a similar
observation was made regarding the effect of IFNa on Tat-
induced angiogenesis [55]. While retinoids alone appear to
support iz vivo Tat angiogenesis, the combination of 13-cis
RA potentiated the effects of IFNf. This effect appears to be
specific for the 13-cis isomer, as treatment with ATRA had no
inhibitory effect when combined with IFN.

Here we have demonstrated that association of 13-cis RA
with IFNf permits the use of IFNf at lower doses, by-passing
the toxicity often observed in clinical use at the therapeutic
dose (3000000 U/day). These studies indicate that low dose
treatment with both IFNf and 13-cis RA could be an effective
alternative for treatment of epidemic KS. In contrast, a
potential increase of Tat angiogenic response by retinoids
alone or low doses of IFN suggests that single RA applica-
tions or low doses of IFNf should be avoided. Direct intra-
lesional application of a combination of the two therapeutics,
or the use of highly expressing IFNf constructs for local gene
therapy, will most likely be the most effective approaches.
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