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Abundant vasculature with increasedpermeabil-
ity is a prominent histologicalfeature of Kapo-
si's sarcoma (KS), a multifocal, cytokine-regu-
lated tumor. Here we report on the role of
vascular endothelial growth factor (VEGF) in
AIDS-KS angiogenesis and vascularpermeability.
We demonstrate that different cytokines, which
were previously shown to be active in KS devel-
opment, modulate VEGF expression in KS spindle
ceUs and cooperate with VEGF on thefunctional
level. Northern blot analysis as weU as studies on
single cells using in situ hybridization revealed
that VEGF expression in cultivatedAIDS-KS spin-
dle ceUs is up-regulated by platelet-derived
growthfactor-B and interleukin-l , Western blot
and enzyme-linked immunosorbent assay analy-
sis of cell culture supernatants demonstrated
that the VEGF protein is secreted by stimulated
AIDS-KS spindle cells in sufficiently high
amounts to activate proliferation of human der-
mal microvascular endothelial cells. Basicfibro-
blast growth factor did not increase VEGF ex-
pression but acted synergistically with VEGF in
the induction of angiogenic KS-like lesions in a
mouse model in vivo. Angiogenesis and cellular-
ity ofKS-like lesions were clearly increased when

both factors were injected simultaneously into
the flanks of mice, compared with separate in-
jection of each factor. A comparable angiogenic
reaction as obtained by simultaneous injection of
basic fibroblast growth factor and VEGF was
observed when ceU culture supernatants of
AIDS-KS spindle ceUs were usedfor these exper-
iments. Finaly, analysis of primary human
AIDS-KS lesions revealed that high amounts of
VEGFmRNA andprotein werepresent in KS spin-
dle ceUs in vivo. These dataprovide evidence that
VEGF, in concert with platelet-derived growth
factor-B, interleukin-1 8, and basic fibroblast
growthfactor, is a key mediator ofangiogenesis
and vascular permeability in KS lesions in vivo.
(AmJ Pathol 1996, 149:1851-1869)

Kaposi's sarcoma (KS) is a multifocally appearing
tumor that is predominantly evident on the skin, al-
though visceral organs and lymph nodes are also
commonly affected by this disease.1'2 The etiology
of KS is still unclear, although it has been suggested
that the human immunodeficiency virus-1 (HIV-1)
and a novel human herpesvirus (HHV-8) contribute
to KS initiation.3'4

Histologically, KS is characterized by clusters of
spindle-shaped cells that are considered to be the
tumor cells of the lesion. In addition to these so-
called KS spindle cells, prominent microvasculature
is a histological hallmark of the tumor. Blood vessels
in KS lesions are thin walled and dilated, with irreg-

Supported by the Bundeministerium fOr Bildung, Wissenschaft, For-
schung und Technologie (01-ZU-8607/1) and the Deutsche Fors-
chungsgesellschaft (Sonderforschungsbereich 464) (M. Storzl), the
Austrian Science Foundation (grant P01437) (E. Tschachler and W.
Weninger); the Ministero della Sanita, VIII Progetto AIDS (A. Albini,
L. Masiello, and R. Benelli). E. Cornali is sponsored by a scholarship
from the Ecole Normale Supbrieure de Lyon, Lyon, France.
Accepted for publication August 21, 1996.

Address reprint requests to Dr. Michael StOrzl, Max-Planck-Insti-
tut fOr Biochemie, Abteilung Virusforschung, Am Klopferspitz 18a,
82152 Martinsried, Germany.

1851



1852 Cornali et al
AJP December 1996, Vol. 149, No. 6

ular outlines. This abnormal vasculature is often per-
meabilized, resulting in significant extravasation of
erythrocytes (for review see Refs. 1 and 5).

From studies with long-term cultures of KS spindle
cells, several lines of evidence have been obtained
that suggest that KS is a cytokine-mediated disease,
with features of an inflammatory process, at least in
the early stages.6 10 In particular, platelet-derived
growth factor-B (PDGF-B), interleukin-1f3 (IL-1:3), ba-
sic fibroblast growth factor (bFGF), and the Tat pro-
tein of HIV-1 have been regarded as key factors
regulating KS development. Each of these factors
has been shown to induce proliferation of cultivated
KS spindle cells in vitro and to be present in KS
lesions in vivo. 4,10,11

Both bFGF and PDGF-B are angiogenic in vivo and
have been suggested as contributing factors in KS
angiogenesis. 10,12,13 However, the following obser-
vations suggest that these two growth factors may
not be sufficient to regulate KS angiogenesis. First,
bFGF does not have a signal peptide and therefore
may require special conditions to be secreted from
KS spindle cells in vivo, as suggested by Samaniego
and co-workers.9 Second, although four distinct re-
ceptors for the different members of the FGF family
have been characterized so far (for review see Ref.
14), none of these has been reported to be ex-
pressed in microvascular endothelium in vivo,15,16
and third, neither of the two factors, bFGF and
PDGF-B, is able to induce permeability of vascula-
ture, whereas lesional and perilesional edema as
well as extravasation of erythrocytes are prominent
features of KS lesions in vivo.

Vascular endothelial growth factor (VEGF), puri-
fied by Gospodarowicz et al17 and by Ferrara and
Henzel,18 is a secreted endothelial-cell-specific mi-
togen,19,20 which has been shown to increase micro-
vascular permeability and endothelial fenestra-
tion.2122 Several studies indicated that the FLT-1
and the KDR/FLK-1 receptor tyrosine kinases func-
tion as endothelial-cell-specific receptors for
VEGF.23-26
VEGF is a potent inducer of angiogenesis in vivo

during normal physiological processes such as vas-
cularization of the corpus luteum27 and embryonic
vascular development.28 Furthermore, several lines
of evidence suggest that VEGF may also be involved
in tumor angiogenesis: 1) VEGF is produced by tu-
mor cells in vitro29-32; 2) in situ hybridization studies
demonstrated that VEGF expression is dramatically
up-regulated in various human tumors in vivo, such
as highly vascularized glioblastomas,3334 renal car-
cinomas,35 or von Hippel-Lindau disease-associ-
ated hemangioblastomas36; 3) experimentally in-

duced angiogenesis in nude mice could be
specifically inhibited by anti-VEGF monoclonal anti-
bodies37 and by a dominant-negative FLK-1 mu-
tant38; and 4) fit-1 knockout mice show abrogated
vasculogenesis.39
As both the angiogenic and vascular permeabiliz-

ing activities of VEGF suggested that this growth
factor may play a role in the pathogenesis of KS, we
wanted to test this hypothesis. In the present study
we show that 1) PDGF-B and IL-1: but not bFGF
strongly induce VEGF mRNA and protein synthesis
in cultivated AIDS-KS spindle cells in vitro; 2) VEGF is
secreted by stimulated AIDS-KS spindle cells; 3)
VEGF and bFGF reveal synergistic effects in vivo in
the induction of angiogenic AIDS-KS-like lesions in
mice; and 4) VEGF mRNA and protein are present in
high amounts in human AIDS-KS primary lesions.
These data support the hypothesis that VEGF may
play a role in KS pathogenesis by providing evi-
dence that VEGF, in concert with PDGF-B, IL-1f3, and
bFGF, regulates angiogenesis and vascular perme-
ability in AIDS-KS lesions in vivo.

Materials and Methods

Patients
The group of HIV-infected donors included 14 homo-
sexual male patients in the Centers for Disease Con-
trol group C.40 All biopsies (9 for in situ hybridization
and immunohistochemistry, 3 for RT-PCR, and 2 for
cell culture) were removed for diagnostic purposes
after informed consent was obtained from the pa-
tients. None of the patients received anti-KS therapy
when biopsy specimens were obtained.

Growth Factors and Plasmids
Recombinant human PDGF-B, human IL-1,3, and hu-
man bFGF were purchased from Boehringer Mann-
heim (Mannheim, Germany), and recombinant hu-
man VEGF was obtained from R&D Systems Europe
(Abingdon, UK). For synthesis of VEGF-specific hy-
bridization probes we used the transcription plasmid
pBluescript SK II (Stratagene, Heidelberg, Germany)
containing a 650-bp cDNA fragment coding for
VEGF121 (the shortest splice variant of VEGF) cloned
into the BamHI and EcoRI sites of the polylinker.
Cutting with EcoRI and using T3 RNA polymerase
allowed the synthesis of the antisense RNA of VEGF.
Radioactively labeled transcripts were used as
probes. These were able to recognize all known
splice variants of VEGF mRNA. Linearizing the plas-
mid with BamHl and using T7 RNA polymerase gave
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rise to the sense control. The transcription plasmid
pAL41 has been described previously11 and was

used for synthesis of RNA hybridization probes spe-
cific for ,B-actin.

Cell Cultures

Explant cultures of AIDS-KS spindle cells were es-

tablished from KS biopsies of the skin of two male
AIDS patients (M5 and M7). KS cultures were main-
tained in Dulbecco's minimal essential medium
(DMEM)/10% fetal bovine serum (FBS) and charac-
terized as described previously.7,'10 All experiments
described were carried out with the AIDS-KS spindle
cell cultures M5/4, M7/2, and M7/3 between the third
and the ninth passage. In each case, identical re-

sults were obtained with all three cultures.
Primary human dermal microvascular endothelial

cells (HMVECs) were purchased from Clonetics
Corp. (San Diego, CA) and cultured in endothelial
basal medium (Clonetics) supplemented with 20%
FBS, bovine brain extract (12 mg/ml), human epider-
mal growth factor (10 ng/ml), hydrocortisone acetate
(1 mg/ml), gentamycin (50 mg/ml), amphotericin
(0.25 mg/ml; Clonetics), dibutyryl-cyclic AMP (0.5
mmol/L; Sigma Chemical Co., St. Louis, MO), peni-
cillin (100 U/ml), and streptomycin (100 mg/ml;
Gibco BRL, Eggenstein, Germany). Cells were split
once a week at a 1:6 ratio and used until passage

eight.
All cell cultures were routinely screened for the

absence of mycoplasma.

Measurement of DNA Synthesis
The mitogenic activity of PDGF-B, IL-1,3, bFGF, and
VEGF on AIDS-KS spindle cell growth and of VEGF
on HMVEC growth was determined as the ability to
stimulate incorporation of [3H]-thymidine into DNA of
cultivated cells (AIDS-KS spindle cells and HM-
VECs). AIDS-KS spindle cells were seeded into 24-
well plates (Costar Europe, Badhoevedorp, The
Netherlands) at a density of 5 x 104 cells/well and
allowed to adhere for 24 hours in DMEM/10% FBS.
Subsequently, cells were incubated in DMEM/0.5%
FBS for 48 hours and, after the addition of the re-

spective factors, in DMEM/0.5% FBS for an addi-
tional 20 hours. After this incubation, [methyl-3H]thy-
midine (Amersham, Little Chalfont, UK) was added
to a final concentration of 1 ACi/ml for 4 hours. Fi-
nally, cells were washed, trypsinized, and harvested
with a cell harvester, and incorporated radioactivity
was determined by liquid scintillation counting.

The mitogenic activity of VEGF on HMVEC
growth was measured as described for the
AIDS-KS spindle cells except that, after seeding,
cells were grown for 48 hours in complete endo-
thelial basal medium/20% FBS. The medium was
then changed to endothelial basal medium/5%
FBS, 0.5 mmol/L dibutyryl-cAMP (low medium) and
cells were incubated for another 24 hours to in-
duce quiescence. Afterward, either VEGF (10 ng/
ml) or phosphate-buffered saline (PBS) was added
in low medium for an additional 20 hours. [Methyl-
3H]thymidine was added to a final concentration of
4 ACi/ml for 4 hours.

Northern Blot Analysis

AIDS-KS spindle cells were grown to confluency in
175-cm2 flasks (Nunc, Naperville, IL) in DMEM/
10% FBS. The medium was changed to DMEM/0%
FBS and cells were incubated for another 24 hours
to induce quiescence. Cells were then incubated
in either DMEM/0% FBS alone (plain medium con-
trol) or supplemented with PDGF-B (2 nmol/L),
IL-13 (10 U/ml), or bFGF (10 ng/ml) for various
periods of time ranging from 30 minutes to 18
hours.

At the respective time points, cells were washed
twice with PBS and harvested by trypsinization. Total
cytoplasmic RNA was isolated using the RNeasy kit
(QIAGEN, Hilden, Germany), according to the manu-
facturer's recommendations. Aliquots of 30 ,ug of
total RNA were fractionated on a vertical 1% aga-
rose/6% formaldehyde gel, transferred to Gene-
Screen plus nylon membrane (NEN, Boston, MA),
and cross-linked by ultraviolet irradiation (264 nm for
3 minutes).
The 32P-labeled DNA hybridization probe specific

for VEGF was prepared using a random primer oli-
gonucleotide kit (Boehringer Mannheim).

Hybridizations were performed at 420C for 16
hours in 50% formamide, 5x standard saline citrate
(SSC), 10% dextran sulfate, 1% N-lauroylsarcosine,
100 ,ug/ml sonicated salmon sperm DNA, and 250
,tg/ml tRNA. Radioactively labeled probe (2 x 106
cpm/ml; sp. act. - 8 x 108 cpm/tg DNA) was used
for hybridization. After hybridization, filters were
washed with a final stringency of 0.1x SSC, 0.1%
N-lauroylsarcosine at 500C. Autoradiography was
performed with an intensifying screen at -700C. This
method allows very sensitive detection of low copy
mRNA.41'42
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Enzyme-Linked Immunosorbent Assay
(ELISA)
KS cells were seeded at 2.5 x 104 cells/well in
24-well plates and grown to confluency for 48 hours
in DMEM/10% FBS. The medium was then changed
to 300 ,ul of DMEM/0.5% FBS for 24 hours to induce
quiescence, and either PDGF-B (2 nmol/L), 11-1,B (10
U/ml), or bFGF (10 ng/ml) diluted in PBS or PBS
alone were added for an additional 12 hours. Cell
culture supernatants were then directly used in an

ELISA (Quantikine, R&D Systems Europe). Analysis
of the content of VEGF protein was performed ac-

cording to the manufacturer's instructions. This
ELISA does not cross-react with PDGF-B, IL-1,3, or

bFGF. After completion of the chromogenic reaction,
the color reaction was evaluated spectrophotometri-
cally at 450 nm with an ELISA reader (Dynatech
Laboratories, Chantilly, VA) with a correction filter at
590 nm.

Western Blot Analysis
AIDS-KS spindle cells were grown in a 175-cm2 flask
and incubated with 8 ml of medium containing the
respective cytokines as described for Northern blot
analysis. The cell culture supernatants were har-
vested after 12 hours of incubation with the respec-

tive cytokines and concentrated 10- to 30-fold with a

Centriprep-3 device (Amicon Corp., Beverly, MA)
according to the manufacturer's instructions in the
presence of 2 mmol/L phenylmethylsulfonyl fluoride
and 10 mmol/L benzamidine.

Concentrated samples were boiled in 1 x Laemmli
buffer (50 mmol/L Tris/HCI, pH 6.8, 100 mmol/L di-
thiothreitol (DTT), 2% sodium dodecyl sulfate (SDS),
0.1% bromo phenol blue, 10% glycerol) and sub-
jected to SDS (15%) polyacrylamide gel electro-
phoresis (PAGE) either in the presence of 10%
,B-mercaptoethanol (reducing conditions) or without
,B-mercaptoethanol (nonreducing conditions). Pro-
teins were then electrophoretically transferred to a

0.2-,um PVDF membrane (Schleicher & Schuell, Das-
sel, Germany) using a semi-dry blotting apparatus.
Immunostaining was performed using a polyclonal
rabbit anti-VEGF antibody (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) and a horseradish-peroxidase-
conjugated anti-rabbit IgG antibody (Dako Diagnos-
tika, Hamburg, Germany). Immunocomplexes were

visualized using the chemiluminescence detection
system (ECL) (Amersham Buchler, Braunschweig,
Germany). As a control for staining specificity, re-

combinant human VEGF165 (R&D Systems Europe)

was subjected to the Western blot analysis proce-
dure.

Preparation of Tissue Samples and KS
Cultures for in Situ Hybridization and
Immunohistochemistry
KS samples were derived from KS lesions of the skin
of nine different AIDS-KS patients. Punch biopsies
were obtained by diagnostic surgery on KS patients.
Granulation tissue was derived from a biopsy of a
chronically inflammatory synovialis. Immediately af-
ter removal, biopsies were transferred to a solution of
freshly prepared 4% paraformaldehyde in PBS (0.13
mol/L NaCI, 7 mmol/L Na2PO4, 3 mmol/L NaH2PO4 x
2H20, pH 7.4). Dehydration and paraffin embedding
were performed as described.11 Subsequently, thin
sections (5 to 10 ,um) were prepared and subjected
to in situ hybridization.

AIDS-KS spindle cell cultures were seeded in
eight-well chamber slides (Nunc) and grown to con-
fluency. The medium was then changed to
DMEM/0% FBS and cells were incubated for another
24 hours to induce quiescence. Cells were then in-
cubated in either DMEM/0% FBS alone (plain me-
dium control) or medium supplemented with either
PDGF-B (2 nmol/L), IL-1,3 (10 U/ml), or bFGF (10
ng/ml). Subsequently, cells were fixed in 4% para-
formaldehyde and subjected to in situ hybridization.

In Situ Hybridization
Radioactive Procedure

Synthesis of 35S-labeled complementary RNA
probes and in situ hybridization were carried out as
described.10'11 In brief, for hybridization, the RNA
probe was applied directly to tissue sections (10 to
15 p.l) at a final adjusted concentration of 50,000
cpm/,ul in hybridization buffer (50% deionized form-
amide, 0.3 mol/L NaCI, 20 mmol/L Tris/HCI (pH 7.4),
5 mmol/L EDTA, 10 mmol/L NaPO4 (pH 8), 10%
dextran sulfate, 1 x Denhardt's, 50 ,ug/ml total yeast
RNA). Hybridization was carried out at 500C for ap-
proximately 16 hours in a humid chamber. Cover-
slips were gently floated off in 5x SSC (1 x SSC, 0.15
mol/L NaCI, 0.015 mmol/L sodium citrate), 10 mmol/L
DTT at 500C and subsequently tissue was subjected
to a stringent washing at 600C in 50% formamide, 2x
SSC, 0.1 mol/L DTT and covered with film emulsion.
After photographic development, slides were fixed
and stained with hematoxylin and counterstained
with eosin.
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Nonradioactive Procedure

Probe labeling was carried out using the RNA DIG
labeling kit (Boehringer Mannheim, Vienna, Austria)
as recommended by the manufacturer. Hybridization
was carried out at 480C overnight in a solution con-
taining 50% deionized formamide, 4x SSC, 10%
dextran sulfate, 1 x Denhardt's, 20 mmol/L NaPO4
(pH 8.0), 500 ,ug/ml denatured salmon sperm DNA,
500 ,ug/ml yeast tRNA, and 500 ng/ml DIG-labeled
riboprobes. Washing steps included digestion with
RNAse A (25 ,g/ml) and RNAse Ti (2 U/ml) in 2x
SSC at 370C for 30 minutes each. For immunological
detection of bound hybridization probe, the digoxi-
genin detection kit (R&D Systems Europe) was used.
The staining reaction (chromogen, nitroblue tetra-
zolium/5-bromo-4-chloro-3-indolyl-phosphate) was
carried out overnight. Negative controls included
predigestion of the sections with 100 gg/ml RNAse A
for 1 hour at 370C before hybridization, the use of the
sense-strand riboprobe, and the use of an unrelated
riboprobe. In no case were signals observed with
these control sections.

Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR)
RNA was extracted from three AIDS-KS tumor le-
sions of the skin after removal of the epidermis or
from the human epithelial cell line A431, using the
guanidine thiocyanate method. RT-PCR was carried
out as described previously.43 In brief, 2 jug of total
RNA was subjected to reverse transcription using
oligo-dT15 primers and Superscript reverse trans-
criptase (Gibco BRL). PCR was performed with 0.5
,umol/L of each sense (5'-CCATGAACTTTCTGCT-
GTCTT-3') and antisense (5'-TCGATCGTTCTGTAT-
CAGTCT-3') primer in a 50-,gl final PCR reaction
volume. Samples were denatured at 940C for 30
seconds and primers annealed at 550C for 30 sec-
onds. Extension was at 720C for 2 minutes and am-
plification was through 25 cycles. For a negative
control, the cDNA template was omitted from the
reaction. The PCR products were electrophoresed
through a 2% agarose gel, transferred onto a nylon
membrane, and hybridized to a radioactively labeled
oligonucleotide probe recognizing all known splice
variants of VEGF. This RT-PCR reaction gave rise to
two major bands with sizes of 516 and 648 bp. In a
previous study we have shown that amplification
products with this size represent two splice variants
of VEGF mRNA, which code for VEGF121 and
VEGF165, respectively.43

Immunohistochemistry
An immunochemical procedure was used to detect
VEGF protein and CD68 antigen in AIDS-KS tissue
sections and CD31 and CD34 antigens in sections of
mouse lesions.

Paraffin-embedded tissue sections (5 ,um) were
deparaffinized in xylene and gradually rehydrated.
Subsequently, sections were immersed in target un-
masking fluid (Kreatech Diagnostics, Amsterdam,
The Netherlands), boiled for 5 minutes in a micro-
wave oven, slowly cooled to room temperature, and
washed in PBS. Sections were then incubated over-
night at 40C with the respective primary antibody
diluted in PBS/2% bovine serum albumin. The follow-
ing antibodies and dilutions of antibodies were used:
polyclonal rabbit anti-VEGF antibody (Oncogene
Science, Hamburg, Germany), diluted 1:10; poly-
clonal rabbit anti-VEGF antibody (Santa Cruz Bio-
technology), 1:100; monoclonal mouse anti-CD68
antibody (Dako Diagnostika), 1:200; monoclonal rat
anti-mouse CD31 antibody (Pharmingen, Hamburg,
Germany), undiluted; monoclonal rat anti-mouse
CD34 antibody (Pharmingen), undiluted.

Bound primary antibodies were detected using a
biotin/streptavidin-based (for anti-VEGF and anti-
CD68 antibodies) or peroxidase-based (for anti-
CD31 and anti-CD34 antibodies) detection kit (su-
per-sensitive detection kit, BioGenex, San Ramon,
CA) according to the manufacturer's instructions.
Staining was performed with fast red chromogen or
diaminobenzidine, respectively. After completion of
the enzymatic staining reaction, sections were coun-
terstained in Mayer's hematoxylin. In additional con-
trol experiments, the primary antibody was replaced
with bovine serum albumin. No staining was ob-
served in these experiments.

In Vivo Angiogenesis Model
The angiogenic potential of VEGF alone and in com-
bination with bFGF was tested in vivo using the Ma-
trigel implant assay as previously described.12
Briefly, a final volume of 600 ,ul of liquid Matrigel
(commercially available from Collaborative Biomed-
ical Products, Bedford, MA) at 40C with the factors
added as indicated was injected subcutaneously
into the flanks of C57/bI6 mice. The Matrigel poly-
merizes into a gel at 37C. Five days after injection,
the animals were sacrificed, and the gels were re-
covered, fixed in formalin, and analyzed microscop-
ically after hematoxylin and eosin (H&E) staining.

Cell culture supernatants of nonquiescent
AIDS-KS spindle cells were prepared as described
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Figure 1. PBGF-B, IL-1(3, anid bFGFactivate DNA
.synthevsis of cultivated AIDS-KS spindle celks, as

shown by/PH-thymidine incorporatioun assay w'ith
cultivated AIDS-KS spindle cells. Cells were seedecd
in 24-uwell plates and allow,ed to adhere for 24
hours in DMEM/10% FBS. Subsequently', cells ivere

incubated in DMEWO.5% FBS for 48 hours, and
after the additiont of the respective factors- in
DMLM/O.5% FBSfor an additional 20 hours (con7-
trol cells uxere incubated solejly in DMEAI/O55'o
FBS). After this incubationi, 1 ,uCi of[-'H1-thymwi-
dinze uwas added to each uwellfor 4 hoturn, and cellvs
were harvested and the incorporated radioactivity
determined by scintillation counting. All experi-
nients wiere carried out in triplicate. The mnean

values have been calculated and are shown. Three
difrent AIDS-KS spindle cell cultures (M514,
M712, and M7/3) uwere exaniined wtith each factor.
All experimnents yielded similar results; DNA svyn-
thesis of cultivated AIDS-KS spindle cells u'as acti-
vated by PDGF-B, IL-1(, and bFGF.

I?
0

x

E

0

earlier.12 Matrigel supplemented with either PBS, on-

costatin M (50 ng/ml) or interferon (IFN)-y (500 U/ml)
was used as a control.

Results

PDGF-B and IL- 1 , Induce VEGF Expression
in Cultivated AIDS-KS Spindle Cells

To determine the effect of PDGF-B, IL-1p, and bFGF
on VEGF expression, cultivated AIDS-KS spindle
cells were incubated with these factors in concen-

trations that efficiently stimulate DNA synthesis of
AIDS-KS spindle cells (Figure 1; 2 mmol/L PDGF-B,
10 U/ml IL-1,B, and 10 ng/ml bFGF). At different time
points ranging from 30 minutes to 18 hours, total
cellular RNA was isolated and subjected to Northern
blot analysis using a radioactively labeled cDNA
fragment coding for VEGF (Figure 2). PDGF-B and
IL-1f caused a significant elevation of two VEGF
mRNA species (a 4.3-kb major band and a 3.7-kb
weaker band) in AIDS-KS spindle cells with peak
levels after 2 and 0.5 hours, respectively (Figure 2A).
These two different splice variants of VEGF mRNA
have been reported to code for two diffusible iso-
forms, VEGF121 and VEGF165, of this growth fac-
tor.4445 bFGF did not increase VEGF expression
during the incubation period (Figure 2A). In control
cultures, which were incubated in plain medium,

0 2 nM 0 10 U/mI 0 10 ng/ml

VEGF expression decreased constantly (Figure 2A;
compare also Figure 2C). Quantitative densitometric
evaluation of band intensities revealed that VEGF
expression in PDGF-B-treated cells was fivefold
higher than in noninduced control cells, whereas
under maximal IL-1,B stimulation a twofold increase
was observed (Figure 2C). Ethidium bromide stain-
ing of blotted RNA demonstrated that equal amounts
of RNA had been loaded in each lane (Figure 2B).

VEGF Expression Is Uniformly Induced in All
Cells ofAIDS-KS Spindle Cell Cultures

bFGF may induce VEGF expression only in a sub-
population of AIDS-KS cells, which may not be de-
tected by Northern blot analysis. Therefore, VEGF
expression was examined in cultivated AIDS-KS
spindle cells at the single-cell level by highly sensi-
tive strand-specific in situ hybridization using radio-
labeled VEGF antisense RNA as a probe. These
experiments revealed that in AIDS-KS spindle cell
cultures treated with bFGF (10 ng/ml) VEGF expres-

sion was not increased in any cell (Figure 3, A
(bright-field) and B (dark-field)). By contrast, high
amounts of VEGF mRNA were detected homoge-
neously in all AIDS-KS spindle cells subsequent to
treatment with PDGF-B (2 nmol/L) or IL-1f (10 U/mI;
Figure 3, A and B; corresponding cells are marked
by an arrow). The specificity of in situ hybridization

Figure 2. PDGF-B and IL-1,3 induice VF,GF expression in cultivated AIDS-KS spinidle cells. A: Northern blot analysis for VEGF nmRNA synthe(sis inz
AIDS-KS spindle cells. Cells uere incnbated in DMEM/0% FBS either supplemenited with PDGF-B (2 nmol L), IL-1t3(10 tJ ml), or hFGF( 10 ngtml) or
wvithout any additives ( control) for the respective time. Total RIA wvas isolated, subjected to electrophore-?,sis (30 ,tgper lane), and blotted onto a nylon
membrane. Hybridization nas carried out with a radioactively labeled human VECG-specific probe (sp. act. 2 8 X 1ic cpmlt/g DNA) at 42°Cfor
16 hours. PDGF-B and IL-1(3 increased VEGF mRNA synthesis in AIDS-KS spindle cells. B: Ethidium bromide visuialization of blotted RNA
indicated that equal amouints ofRNA were applied to each lane. C: Dentsitometric evalutationi ofbatnd initenisitiesfroni the Northertn blot shown above
(A). RNA derived from PDGF-B-stimulated cells antd conttrol cells as tuell as RNA from cells stimulated with IL- 1(3 anid bFGF uwere blotted anid
hybridized ont the samefilter, respectively. To compare the banid inttensities obtainedfrom different filters, the optical densities of the VEGE bands in
noninduced cells (timne 0) uwere determined and the relative differences were calcuilated. Subsequently; the valutes ofbantd intensities of the respective
filter were muiltiplied tith the deternminedfj.ctor and are given in the figure. PDGF-B (blue columns) anid IL- 1,8 (yellow columns) stimulated VIEGF
expression. VEGF expression remained constant in the presence of bFGF (green column) anid decreased in DMVEWOM o FBS (orange column).
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Figure 3. VEGF expression is uniformlv induced in all cells ofAIDS-KS spindle cell cultures. AIDS-KS spindle cells were treated as described in the
legend of Figuire 2. Subsequent to incubation with PDGF (2 uimol L), IL-1,B (10 Ulml), and bFGF (10 ng/ml), cells were subjected to in SituL
hybridizatiotn with a VEGF-specific antisense-strand RNA probe (sp. act. I x 109 cpm/,ug DNA). A: Brightfield exposure. B: Dark-field exposure.
Corresponding cells are labeled with an arrow. C: Sense-strand control probe. D: ,B-Actin-specific probe (sp. act. > 1 X 109 cpm/,ug). PDGF-B anid
IL-1,3 induced VEGF expression homogeneously in all AIDS-KS spindle cells.

was demonstrated by hybridization with the radiola-
beled sense-strand RNA probe, which did not reveal
any signal (Figure 3C). The mRNA of all cells was
accessible for hybridization, as demonstrated by ro-
bust signals obtained with a positive control probe
specific for 3-actin (Figure 3D).

Biologically Active VEGF Is Secreted by
Stimulated AIDS-KS Spindle Cell Cultures

ELISA analysis of AIDS-KS spindle cell culture su-
pernatants demonstrated that the production of
VEGF protein is strongly increased by PDGF-B, to a
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Figure 4. PDGF-B and IL-1,3 enhance the production of VEGFJ65 in cultivated AIDS-KS spindle cells. A: Detection of VEGF protein in cell cuil/urc,
supernata nts ofAIDS-KS spindle cells. Confluent czultures ofAIDS-KS spindle cells aere incubated for 12 houirs in DMEM/O.5%FBSeithersupplehented
uith PDGF-B (2 nnmolL), IL- 13 ( 10 l ml), or bFGF (10 ng/ml) or uwithout any additives. The conditioned nmedia were then analyzed in triplic.atc.s
by ELI.SA for the presence of VFGF protein. 7he OD values measured at 450 nm and corrected with the values obtained at 590 uirn are presented.
PDGF-B and IL-18 enhanced theproduction of VEGF by AIDS-KS spindle cells. B: Western blot analysis of VEGFprotein in cell cultulre supernatants
of AIDS-KS spindle cells. Confluent cultures ofAIDS-KS spindle cells were treated with the respectivefactors as described above. Subsequently, cell
cuiltuire suipernatants were removed, concentrated, and analyzed by Western blot using either reducing conditions (lanes 1 to 5) or nonreducing
counditionis (lanes 6 and 7)forgel electrophoresis. A total of20 ng ofhuman recombinant VEGF,65 was used as a control (lanes 1 and 6). Cell cuiltu,cv
silpertnatants from AIDS-KS spindle cells: lane 2, unstimulated (30-fold concentrated); lanes 3 and 7, stimulated with PDGF-B (2 miol L, 30fold
councenitrated); lane 4, stimulated with IL-1,8 (10 Ulml; 30-fold concentrated); lane 5, stimulated with bFGF( 10 ng/ml; 15-fold concentrated). In the
presence of reducing conditions, a prominent band corresponding to monomeric VEGF,65 protein (23 kd) and a weaker one corresponding to

V'EI',(',,2 (18 kd) appeared in supernatants ofPDGF-B- and IL-1(3-stimulated AIDS-KS spindle cells. Monomeric VEGF165 proteinl (lanes 6 and 7,
lower arrow) formed a biologically active dimeric molecule (lanes 6 and 7, upper arrow ) under nonreducing conditions. C: ['HI -Thymidine
inicorporation assays wereperformed in triplicate in 24-wellplates as described in Materials and Methods. VEGF(10 ng/ml) induced a 2-fold increase
uf'proliferation ofHMVFCs, whereas the same concentration of VEGF had no effect on proliferation ofAIDS-KS spindle cells (KS). In the latter case,

a positive control was performed by stimulation with 10% FBS.

lower extent by IL-1/3, but not by bFGF (Figure 4A).
These results were confirmed by Western blot anal-
ysis (Figure 4B). In the presence of PDGF-B (Figure
4B, lane 3) and IL-1X3 (Figure 4B, lane 4), a high
amount of VEGF protein could be detected in cell
culture supernatants, whereas in the presence of
bFGF (Figure 4B, lane 5), the amount of secreted
VEGF protein was similar to that of untreated cells
(Figure 4B, lane 2). Under reducing conditions, the
major VEGF protein secreted from stimulated
AIDS-KS spindle cells had a molecular mass of 23 kd
(Figure 4B, lanes 3 and 4), which was identical to the
molecular mass of a commercially available prepa-

ration of a biologically active, glycosylated VEGF165
(Figure 4B, lane 1). This demonstrated that the pre-

dominant form of VEGF secreted by AIDS-KS spindle

cells is VEGF165. In addition, a weaker band at 18 kd
corresponding to glycosylated VEGF121 was de-
tected in supernatants of AIDS-KS spindle cells stim-
ulated with PDGF-B and IL-113 (Figure 4B, lanes 3
and 4).

Using nonreducing conditions for SDS-PAGE, the
monomeric VEGF165 secreted by AIDS-KS spindle
cells formed a dimeric molecule with a molecular
mass of 46 kd (Figure 4B, lane 7, upper arrow).
Dimer formation is required for biological activity of
VEGF and was also observed with a commercially
available biologically active VEGF165 protein (Figure
4B, lane 6, upper arrow).

Quantitative evaluation of the results obtained by
ELISA analysis revealed that a concentration of 10
ng/ml VEGF protein is established by 8 x 106 PDGF-
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B-stimulated AIDS-KS spindle cells in 8 ml of cell
culture supernatant during 12 hours of incubation.
Commercially available VEGF165 in this concentra-
tion clearly stimulated proliferation of microvascular
endothelial cells (Figure 4C), whereas no effect was
observed on proliferation of cultivated AIDS-KS spin-
dle cells (Figure 4C). A positive control with FBS
demonstrated that the assay conditions were suit-
able to induce proliferation of AIDS-KS spindle cells
(Figure 4C). Altogether, this set of experiments pro-
vided evidence that VEGF165 secreted from stimu-
lated AIDS-KS spindle cells is biologically active but
does not have autocrine effects on proliferation of
these cells. Instead, it may regulate KS angiogenesis
by paracrine action on microvascular endothelial
cells.

Synergistic Activity of VEGF and bFGF in the
Induction ofAngiogenic KS-Like Lesions in
Vivo

A possible functional interaction of VEGF with bFGF
was examined in a mouse model system in vivo.
Increasing amounts (10, 100, and 1000 ng/ml) of
both growth factors were injected into the flanks of
mice in a Matrigel support. Both factors induced a

dose-dependent increase of angiogenic KS-like le-
sions characterized by numerous blood vessels (Fig-
ure 5, black arrows), inflammatory cell infiltration,
and spindle-shaped cell proliferation (Figure 5, ar-

rowheads).
When bFGF and VEGF were injected simulta-

neously, angiogenesis, spindle-shaped cell migra-
tion, and proliferation were markedly increased as

compared with the effect observed with each factor
alone (Figure 5). When high concentrations (1000
ng/ml) of bFGF and VEGF were combined, promi-
nent erythrocyte extravasation occurred (Figure 5,
white arrows).

Synergism of VEGF and bFGF was also evident on
the macroscopic level. No significant angiogenesis
was observed when VEGF (10 ng/ml) and bFGF (100
ng/mI) were applied separately in suboptimal
amounts. When both factors were applied together in
these concentrations, vasculogenesis in the recov-

ered Matrigel was clearly increased (Figure 5, bot-
tom lane).

Table 1. VEGF and bFGF Cooperate in the Induction of
Angiogenic Lesions in Mice

VEGF/bFGF Cellularity* Angiogenesist
(ng/ml) (%) (%)

10/10
10/100
10/1000

100/10
100/100
100/1000

1000/10
1000/100
1000/1000

12.5
37.5-50
25-37.5
50
62.5
75
75-87.5
100
NE

25
50
25
50
50
75
75
100
NE

Spindle-
shaped
cellst
(%)

25
50
50
50
75
100
25
100
NE

Recombinant purified human VEGF and bFGF were combined
in different concentrations in liquid Matrigel. The mixture was
gently injected subcutaneously into the flanks of C57/bl6 mice.
Mice were killed 5 days after injection. Tissue samples were fixed
in formalin and analyzed microscopically after hematoxylin and
eosin (H&E) staining. Sections with highest cellularity, maximal
angiogenesis, and maximal percentage of spindle-shaped cells
were determined and graded with values of 8 (100%) for
cellularity and 4 (100%) for angiogenesis and percentage of
spindle-shaped cells, respectively. All other sections were graded
according to this maximal lesion in ranges from 1 (minimal) to 8
(maximal) for cellularity and from 1 to 4 (4 is maximal) for
angiogenesis and number of spindle-shaped cells. Each value is
the average result from a total of six sections that were obtained
from Matrigel blocks recovered from three different mice.

* Relative amount of cells present in histological sections of
recovered Matrigel blocks. NE, not evaluated, because in two of
the three animals an atypical inflammatory reaction was evident.

t Relative amount of capillaries or blood vessels present in
histological sections of recovered Matrigel blocks.

* Relative amount of spindle-shaped cells present in histological
sections of recovered Matrigel blocks.

To evaluate this synergistic effect in more detail,
different concentrations of both growth factors rang-
ing from 10 to 1000 ng/ml were combined and ap-

plied to the mouse model (Table 1). Highest scores

for cellularity, angiogenesis, and numbers of spin-
dle-shaped cells were obtained only when both
growth factors were injected simultaneously in high
concentrations. Blood vessel density was higher in
Matrigel blocks containing combinations of 1000
ng/ml VEGF and 10 ng/ml bFGF than with blocks
containing 10 ng/ml VEGF and 1000 ng/ml bFGF (75
to 25%). By contrast, in the latter blocks, spindle-
shaped cells were more prominent than blood ves-

sels (50 to 25%).
To demonstrate more clearly angiogenesis in Ma-

trigel blocks treated simultaneously with bFGF (100
ng/ml) and VEGF (10 ng/ml), immunohistochemical

Figure 5. Synergistic activity of VEGF and bFGF in the induction ofangiogenic KS-like lesions in vivo. Increasing amounts ofbFGF and VEGF( 10,
100, and 1000 ng/ml) were injected subcutaneously into the flanks of C57/b16 mice in a Matrigel support. When both factors were injected
simultaneously, numbers of blood vessels (black arrows), numbers of spindle-shaped cells (arrowheads), and extravasation of erythrocytes (white
arrows) were markedly increased as compared with the efJects observed with thefactors on their oun. Synerg-yistic activity of VEGF( 10 ng/ml) and
bFGF ( 100 ng/ml) was also evident at the macroscopic level.
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staining of endothelial cells was performed using
antibodies specific for the endothelial-associated
antigens CD31 and CD34 (Figure 6). In both cases,
numerous endothelial cells surrounding vascular
spaces were detected (Figure 6, top left side, ar-
rows). Interestingly, a similar angiogenic reaction
was observed when cell culture supernatants of non-
quiescent AIDS-KS spindle cells were injected to-
gether with Matrigel (Figure 6, top, right side).
As negative controls for these angiogenesis as-

says, either PBS, oncostatin M (50 ng/ml), or IFN-y
(500 U/ml) were injected (Figure 6, bottom). The
recovered Matrigel blocks from these experiments
did not show any significant angiogenic reaction
(Figure 6, bottom).

VEGFmRNA and Protein Are Present in KS
Lesions in Vivo
To investigate whether VEGF also regulates angio-
genesis of KS lesions in vivo, we performed in situ
hybridization and immunohistochemical stainings for
VEGF mRNA and protein in tissue sections of
AIDS-KS primary lesions. High amounts of VEGF
mRNA were detected in numerous spindle cells in all
of nine different AIDS-KS lesions examined (Figure
7A, left, arrow). The same results were obtained both
with radioactively labeled probes (Figure 7A, left, five
lesions) and with nonradioactively labeled probes
(data not shown, four lesions). As controls, the re-
spectively labeled sense-strand RNA probes were
used and did not provide any signal (Figure 7A,
right). RT-PCR analysis of RNA extracted from three
AIDS-KS primary lesions revealed the presence of
two major splice variants of VEGF mRNA coding for
the two secreted forms, VEGF121 and VEGF165 (Fig-
ure 7B, arrows).

In a subsequent step, the same five AIDS-KS pri-
mary lesions that were used for the radioactive in situ
hybridization procedure were subjected to immuno-
histochemical staining for the detection of VEGF pro-
tein (Figure 8). In every lesion, signals for VEGF
protein were obtained in numerous cells (Figure 8A,
arrow). Higher magnification showed that positive
cells had the typical spindle-shaped morphology of
the AIDS-KS spindle cells (Figure 8B, arrow). Mono-
cytes, which are also known to produce VEGF, could
be excluded as a major source of VEGF in AIDS-KS
lesions. Staining of a section consecutive to the one
shown in Figure 8A with an antibody specific for the
macrophage-associated antigen CD68 demon-
strated that morphology and distribution of CD68-
positive cells (Figure 8C, white arrow) was clearly

different from the morphology of the VEGF-produc-
ing spindle cells (Figure 8, A and C, black arrows).
Staining for VEGF protein in perilesional skin re-
vealed that fibrocytic cells were negative for this
factor, whereas endothelial cells of blood vessels
stained positive (Figure 8D). Interestingly, in situ hy-
bridization showed that endothelial cells surrounding
blood vessels do not synthesize VEGF mRNA (data
not shown). From these data we conclude that the
positive staining reaction of blood vessel endothelial
cells in immunohistochemistry was due to the detec-
tion of VEGF binding to its cognate receptors on
these cells. As a control, histological sections of
granulation tissue were subjected to VEGF-specific
immunochemical staining. In comparison with KS
tissue sections, these sections revealed clearly re-
duced signals for VEGF protein (Figure 8E). As a
negative control, KS sections were subjected to the
immunohistochemical procedure omitting the pri-
mary antibody. In no case was a positive staining
observed on these control sections (Figure 8F).

Discussion

VEGF, also known as vascular permeability fac-
tor,19'20 is a dimeric glycoprotein that was found to
bind specifically to endothelial cells.46'47 It has been
shown to stimulate endothelial cell growth in vitro,
and angiogenesis in vivo48 and to induce microvas-
cular permeability. 20,22
We found that VEGF mRNA and protein synthesis

in cultivated AIDS-KS spindle cells was strongly in-
duced by PDGF-B (2 nmol/L). IL-18 (10 U/ml) was
less effective, and VEGF expression was not in-
creased at all in the presence of bFGF (10 ng/ml). At
the concentrations used, each of these growth fac-
tors significantly stimulated DNA synthesis of
AIDS-KS spindle cells, in comparison with unstimu-
lated control cells (in Figure 1, PDGF-B increased
DNA synthesis 35-fold; IL-1,f, 8.5-fold; and bFGF,
8.5-fold). This demonstrated that the concentrations
of growth factors used for these experiments were
adequate and that the functional receptors for these
factors are present on cultivated AIDS-KS spindle
cells.

The strongest stimulation of VEGF mRNA expres-
sion and protein synthesis was observed with
PDGF-B. PDGF-B also stimulated DNA synthesis of
AIDS-KS spindle cells most efficiently (see also Refs.
10, 49, and 50). KS spindle cells in vitro and in vivo do
not express PDGF-B but synthesize high amounts of
PDGF :-receptor mRNA and protein.10'11 In situ hy-
bridization and immunochemical analysis revealed
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Figure 6. Control experiments ofin vivo angiogenesis assay. Upper panel: bFGF(100 ng/ml) and VEGF(10 ng/ml) (bFGF + VEGF, left panels) or
cell culture supernatants of nonquiescent AIDS-KS spindle cells (KSCM, right panels) were injected into mice as described in the legend offigure 5.
Cells surrounding blood vessels stained positivefor the endothelial-cell-associated antigens CD31 (upper panels, arrows) and CD34 (lower panel,
arrows), which proves that angiogenesis was induced by the respectivefactors. Lower panel: No angiogenic reaction was seen when PBS, oncostatin
M(50 ng/ml), or IFN--y (500 U/ml) were injected with Matrigel into theflanks ofthe mice. The three sections were stained with hematoxylin and eosin
and show the muscle-Matrigel (left to right) contact area.
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Figure 7. VEGF mRNA is synthesized in the spindle cells ofAIDS-KSprimary lesions in vivo. A: In situ hybridization on AIDS-KS tissue sections with
a 35S-labeled antisense RNA probe specificfor VEGF(sp. act. 109 cpm/aug). AIDS-KS spindle cellspositivefor VEGF mRNA are indicated by an arrow
(left). Negative control hybridization with the sense strand probe is shown on the right. B, upper panel: the different splice variants of VEGF mRNA
are shown, together with the respective length ofthe RT-PCR amplification products (right) and the name ofthe VEGF variant (left). The binding sites

ofprimers usedforRT-PCR are indicated by an arrow. Lower panel: RT-PCRproducts obtained with RNA extractedfrom threeKS tumors after removal
of the epidermis (KS1, KS2, and KS3) from a human epithelial cell line known toproduce VEGF(A431) orfrom a control experiment without cDNA
(control). The two splice variants codingfor the secretedforms of VEGF, VEGF,2, and VEGF,65, werefound to be synthesized in all three KS lesions

(516-bp and 648-bp amplification products). Only amplification ofKS1 and A431 RNA resulted in weak signalsfor VEGF,89 mRNA ( 720 bp; upper
arrow ). No signal was detected in the negative control.
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that in human KS primary lesions subpopulations of
PDGF-B-producing cells are intermirnled with the
spindle cells."'Di These results provide evidence
that PDGF-B may activate both proliferation and
VEGF expression in KS spindle cells in vivo by para-

crine mechanisms.

IL-1 3 also increased VEGF mRNA expression and
protein synthesis in cultivated AIDS-KS spindle cells.
Increased concentrations of IL-1 have been found in

sera of HIV-1-infected patients,51 which suggests
that serum-derived IL-1,B may induce VEGF expres-
sion in AIDS-KS spindle cells in vivo. Furthermore,
subpopulations of IL-103-producing cells have been
detected in KS lesions,10 which may contribute to the
induction of VEGF expression. However, Northern
blot analysis and ELISA demonstrated that induction
of VEGF mRNA and protein synthesis by IL-1f3 was
less pronounced (2-fold by Northern blot analysis;
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1.7-fold by ELISA) than stimulation with PDGF-B (5-
fold by Northern blot analysis; 3.5-fold by ELISA).
This was in agreement with experiments on AIDS-KS
spindle cell proliferation, in which IL-13 displayed a

lower stimulatory activity that did not increase with
higher concentrations.10 Overall, the effect of IL-1:
on VEGF expression in KS lesions may probably be
less pronounced than the paracrine activity of
PDGF-B.
bFGF stimulated proliferation of cultivated

AIDS-KS cells with an efficiency similar to that of
IL-1,B. However, in contrast to IL-1f3, no induction of
VEGF expression was observed at the RNA level by
Northern blot analysis and in situ hybridization or at
the protein level by Western blot analysis and ELISA.
Quantitative evaluation of band intensities of North-
ern blot analysis demonstrated that VEGF expres-
sion in bFGF-treated cells remained at almost the
same level, whereas it constantly decreased in un-

stimulated control cells. This suggests that bFGF
may stabilize VEGF expression in AIDS-KS spindle
cells. Whether or not this occurs under conditions
that increase VEGF expression remains to be deter-
mined.

In contrast to PDGF-B and IL-1,B, bFGF is synthe-
sized in AIDS-KS spindle cells in vitro and in
vivo.4'52'53 Only a moderate influence of bFGF on

VEGF was observed at the gene expression level,
which led us to investigate whether these two factors
may interact on the functional level. Interestingly, in
vivo injections of bFGF and VEGF into the skin of
mice revealed a clear synergistic activity in the in-
duction of angiogenic AIDS-KS-like lesions. Syner-
gism between VEGF and bFGF in the induction of
angiogenesis has been shown in vitro.54 To our

knowledge, in this study we report for the first time on
synergistic interaction of VEGF with bFGF in the in-
duction of angiogenesis in a mouse model system in
vivo. In this framework, it is interesting to see that the
histological appearance of lesions obtained by si-
multaneous injection of both factors was similar to
that of lesions arising from the injection of AIDS-KS
spindle cell culture supernatants. This suggests that
both factors are present in the cell culture superna-

tants of AIDS-KS spindle cells and interact synergis-
tically in the formation of KS-like angiogenic lesions
in this animal model system.

Possible mechanisms of synergistic effects of
both factors may involve up-regulation of VEGF re-

ceptors on endothelial cells by bFGF or up-regula-
tion of bFGF receptors by VEGF, respectively. More-
over, bFGF has been shown to induce proliferation
and migration of numerous different cell types,
whereas VEGF is highly specific for endothelial

cells.17'18 We observed that VEGF-induced lesions
were rich in blood vessels, whereas lesions induced
by bFGF revealed numerous spindle-shaped cells.
Therefore, synergistic activity of both factors may
also be based on the recruitment of different cell
populations into the lesions. This may be the most
likely mechanism of cooperation of these two factors
in the development of multicellular and highly vas-
cularized KS lesions.

While this paper was in revision a study was pub-
lished in which VEGF expression was observed in
only 1 of 16 AIDS-KS lesions.55 The authors dis-
cussed the possibility that their in situ hybridization
may not be sufficiently sensitive to detect VEGF ex-
pression in all specimens, as their studies were per-
formed on archival, paraffin-embedded tissues. Fix-
ation time, a critical variable, was uncontrolled in
their specimens, and no precautions were taken to
avoid exposure to RNAse during tissue process-
ing." AIDS-KS biopsies used in our study were pro-
cessed with an optimized protocol to achieve highly
sensitive in situ hybridization. Tissue sections of
these specimens were used in several preceding
studies by our group and have been shown to allow
highly sensitive detection of cytokines and growth
factor mRNA in KS.8'10'11

Using these specimens, high amounts of VEGF
mRNA and VEGF protein were detected in the spin-
dle cells of all (VEGF mRNA, nine of nine; VEGF
protein, five of five biopsies of human primary
AIDS-KS lesions, which clearly supports the role of
VEGF in KS pathogenesis. In addition, through in situ
hybridization we detected high amounts of fit-1
mRNA (fit-1 codes for a subunit of the VEGF recep-
tor) in endothelial cells surrounding blood vessels in
three human primary KS lesions (our own unpub-
lished data). KS spindle cells were negative for fit-1
mRNA, which suggests that VEGF synthesized in KS
spindle cells acts through paracrine mechanisms in
the recruitment of blood vessels into KS lesions.
Additional evidence for this conclusion was obtained
by the observation that the amount of VEGF protein
that is secreted by cultivated AIDS-KS spindle cells
in the presence of PDGF-B was sufficiently high to
induce proliferation of human dermal microvascular
endothelial cells.

Brown and colleagues55 detected the expression
of KDR/FLK-1 receptor tyrosine kinases (another
subunit of the VEGF receptor) in the KS spindle cells
in vivo, which has not been investigated in our study.
In combination with our results demonstrating that
VEGF is expressed in the KS spindle cells, these
data suggest that VEGF may also show autocrine
activity on AIDS-KS spindle cells in vivo. However,
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this hypothesis was contradicted by our observation
that proliferation of cultivated AIDS-KS spindle cells
in vitro was not activated by VEGF. Double-labeling
procedures for simultaneous detection of VEGF and
KDR/FLK-1 receptor mRNA on KS tissue sections
may clarify this point.

Overall, the results reported in this paper provide
evidence that VEGF, in concert with PDGF-B, IL-11,
and bFGF, regulates angiogenesis and vascular per-
meability in AIDS-KS lesions in vivo. As a working
hypothesis we suggest the following sequence of
events VEGF and bFGF are both synthesized by KS
spindle cells and are synergistically active in the
induction of angiogenic KS-like lesions. bFGF does
not specifically activate angiogenesis, but it also
recruits PDGF-B- and IL-13-producing cells into KS
lesions, which are different from the KS spindle cells
and may be of monocytic origin.10'11 PDGF-B- and
IL-1f3-producing cells increase VEGF expression in
KS spindle cells through paracrine mechanisms. Up-
regulation of VEGF expression in KS spindle cells
may account for the dramatic increase in the perme-
abilized vasculature characteristic of KS lesions.
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