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Platelet-derived growthfactor-B (PDGF-B) is apo-
tentparacrine-acting mitogen in Kaposi's sarcoma
(KS) lesions. Interferon-a is widely usedfor clini-
cal treatment of KS. Here we show that platelet-
derived growth factor-B activates proliferation
and migration of cultivated AIDS-KS spindle cells
whereas interferon-a acts as an inhibitor. At the
molecular level, these opposite activities ofplate-
let-derived growth factor-B and interferon-a con-
verged onto the adverse regulation of the c-myc
gene expression. Platelet-derived growth factor-B
induced c-myc mRNA andprotein synthesis in cul-
tivatedAIDS-KS spindle cells whereas interferon-a
inhibited these processes. Using c-myc-specific
phoshothioate antisense oligodeoxynucleotides,
we demonstrated that down-regulation of c-myc
expression is sufficient to inhibitproliferation and
migration of KS spindle cells in vitro This indi-
cated that c-Myc protein may be an important reg-
ulatory molecule of KS spindle cell proliferation
and migration. High amounts ofthe c-Mycprotein
were detected in the nuclei ofKS spindle cells in
histological sections ofAIDS-KS biopsies. This sug-
gested that the c-mycgene may also regulate pro-
liferation and migration ofAIDS-KS spindle cells in
viveQ In this case, c-myc may play an important
role in the focus of major pathogenic and thera-

peutic pathways of KS. (Am J Pathol 1996
149:1871-1885)

Kaposi's sarcoma (KS) is a frequently occurring tu-
mor in patients with the acquired immune deficiency
syndrome (AIDS).1'2 Characteristic for early KS le-
sions are networks of thin-walled, dilated vessels
with irregular outlines, lined by flattened endothelium
(for review see Refs. 3 and 4). In addition, prominent
clusters of spindle-shaped cells are evident. These
so-called spindle cells are considered to be the tu-
mor cells of the lesions.3'4
As the major processes and factors involved in the

initiation of AIDS-KS development, deregulation of
the cytokine network in the serum of human immu-
nodeficiency virus (HIV)-infected patients, the HIV
Tat protein, and a novel human herpesvirus called
HHV-8 have been discussed.3-7 Although it is un-
known which of the above factors may initiate KS
development, it is commonly accepted that, subse-
quent to initiation, KS progression is regulated by a
reactive interaction of several different cell types
mediated by paracrine action of cytokines and
growth factors.35

Recently we have shown that cultivated AIDS-KS
spindle cells exhibit a pattern of gene expression
identical to that of KS spindle cells in vivo with re-
spect to numerous cytokines (platelet-derived
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growth factor (PDGF)-B, interleukin (IL)-1l3, IL-la,
IL-6, and oncostatin M) and their receptors.89 In
addition, the effects of these cytokines and growth
factors on the AIDS-KS spindle cell cultures in vitro
were reflected by the gene expression observed in
KS lesions in vivo.9

PDGF-B, a major serum mitogen, was found to be
a potent paracrine-acting mitogen for cultivated
AIDS-KS spindle cells in vitro. 10 1 High expression of
PDGF ,3-receptor in these cells and a lack of PDGF-B
synthesis supported this observation at the molecu-
lar level.11 In KS lesions in vivo, PDGF-B was synthe-
sized from subpopulations of cells that were inter-
mingled with the spindle cells.8'9 The KS spindle
cells themselves were negative for PDGF-B expres-
sion but highly positive for PDGF ,3-receptor mRNA
and protein.8'9 These data suggested that PDGF-B
may also activate proliferation of KS spindle cells in
vivo by paracrine mechanisms.

Interferon (IFN)-a is among the most commonly
used agents for medical treatment of KS.12 It causes
significant regression of KS lesions in approximately
40% of the patients.13 It has been suggested that it is
the indirect effects of IFN-a, such as its immuno-
modulatory activity,14 or its potential capability to
inhibit KS angiogenesis by down-regulation of basic
fibroblast growth factor (bFGF) expression in KS
cells,15 that are related to the therapeutic efficacy of
IFN-a. Very little is known, however, whether and
through which mechanisms IFN-a may act directly
on KS spindle cells in medical treatment of KS.

Besides PDGF and IFN-a, a wide variety of growth
factors and cytokines are involved in the pathogenesis
and therapy of KS. It is tempting to speculate that the
different activating and inhibitory factors may focus on
central regulatory molecules that trigger proliferation
and migration of the KS spindle cells. In particular, the
product of the proto-oncogene c-myc may be such a
central regulatory molecule. It has been shown that
PDGF, a major KS pathogen, and IFN-a, a major KS
inhibitory factor, are both able to modulate c-myc gene
expression in certain cell types.16-20

In this study we show that c-myc gene expression
as well as proliferation and migration of cultivated
AIDS-KS spindle cells are adversely regulated by
PDGF-B and IFN-a. Specific inhibition of c-myc ex-
pression with antisense oligodeoxynucleotide (ODN)
technology revealed that the c-myc gene regulates
proliferation and migration of cultivated AIDS-KS
spindle cells. In addition, we demonstrated a strong
expression of the c-myc gene in histological sections
from AIDS-KS biopsies. This indicated that also in
vivo c-myc may regulate proliferation and migration
of KS spindle cells. These data suggest that the

c-myc gene may be a master switch in the focus of
major pathogenic and therapeutic pathways of KS.

Materials and Methods

Growth Factors and Cytokines
Recombinant PDGF-B and bFGF were purchased
from Boehringer Mannheim (Mannheim, Germany).
Recombinant IFN-a (specific activity, 1 x 109 U/mg
protein) designated IFN-Conl was generously pro-
vided by Amgen.

Oligodeoxynucleotides
Phosphothioate-modified ODNs purified by high
pressure liquid chromatography were purchased
from Biognostik and from Birsner and Grob Biotech
(Denzlingen, Germany). The sequence of the c-myc-
specific antisense oligonucleotide (asODN; 5'-AAC
GTT GAG GGG CAT-3') was complementary to the
translation initiation site of c-myc mRNA. A sense
oligonucleotide (sODN; 5'-ATG CCC CTC AAC GTT-
3') with a secondary structure identical to that of the
asODN, and a scrambled oligonucleotide (scrODN;
5'-CTG AAG TGG CAT GAG-3') with no homology to
any known human gene and with the same G/C
content as the asODN served as controls. The
asODN used in this study had been successfully
used previously by numerous other laboratories for
specific inhibition of c-myc expression.21-25

AIDS-KS Spindle Cell Cultures
AIDS-KS spindle cell cultures were established by ex-
plant culture method from KS biopsies of the skin of six
male AIDS patients. KS cultures were maintained in
Dulbecco's minimal essential medium (DMEM)/10% fe-
tal calf serum (FCS) and characterized as described
previously.9'26 The following AIDS-KS cultures were
used in these studies: M7/3, M5/1, M8/2, M9/1, M3/4,
and H1/3. The experiments described in this paper
were carried out with cultures with a passage number
between three and seven.

Measurement ofDNA Synthesis and
Proliferation
The mitogenic activity of PDGF-B and IFN-Conl on
AIDS-KS spindle cell growth was determined as the
ability to stimulate incorporation of [3H]thymidine into
DNA of cultivated AIDS-KS spindle cells. Cells were
seeded into 24-well plates (Costar Europe Badhoeve-
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dorp, The Netherlands) at a density of 5 x 104 cells/
well and allowed to adhere for 24 hours in DMEM/10%
FCS. Subsequently, cells were incubated in DMEM/
0.5% FCS for 48 hours and, after the addition of the
respective factors in DMEM/0.5% FCS, for an addi-
tional 20 hours. After this incubation, [methyl-3H]thymi-
dine (Amersham, Little Chalfont, UK) was added to a
final concentration of 1 ,pCi/ml for 4 hours. Finally, cells
were washed, trypsinized, and harvested with a cell
harvester, and incorporated radioactivity was deter-
mined by liquid scintillation counting.

In addition, proliferation experiments were carried
out. AIDS-KS spindle cells were seeded into 24-well
plates at a density of 1 x 104 cells/well. Cells were
incubated for 9 days in DMEM/0.5% FCS containing
the respective factors, with changes of medium and
supplements every 3 days. After this incubation pe-
riod, cells were trypsinized and cell number was
determined with a Coulter counter (Coulter Electron-
ics, Hialeah, FL).

Migration Assay

Migratory activity of AIDS-KS spindle cells was as-
sayed in a modified Boyden chamber.27 The lower
compartment of the Boyden chamber was filled with
a solution of the respective factor (PDGF-B, IFN-
Conl, and ODN) in DMEM and the upper compart-
ment was filled with 600 Al of cell suspension (1.8 x
1 05 cells/ml). Each assay was set up in triplicate. The
chambers were incubated at 370C for 4 hours. Filters
were removed from the chambers, and the cells on
the filters were fixed in methanol and stained with
eosin G and thiazine dye. Cells on the upper surface
of the filters were wiped off and the filters were
mounted on a microscope slide. The numbers of
migrated cells were determined in 42 different micro-
scopic fields of each filter (magnification, x 160) with
a computer-assisted analysis system (Optimas im-
age analysis system, Stemmer, Puchheim, Germa-
ny). The means + SD of all 42 fields of each triplicate
assay were calculated and are given in the results.

Synthesis of Hybridization Probes
The 32P-labeled DNA hybridization probes were pre-
pared using a random primer oligonucleotide kit
(Boehringer Mannheim). The c-myc probe was from
a 1500-bp Sstl fragment coding for c-myc exon 2
(Amersham Buchler, Braunschweig, Germany).

Northern Blot Analysis

AIDS-KS spindle cells were seeded subconfluently
in DMEM/10% FCS overnight, after which medium

was replaced with DMEM/0.5% FCS for 48 hours.
Subsequently, PDGF-B or PDGF-B and IFN-Conl
were added for 4 hours. Total cellular RNA was
isolated by the acidic phenol method as de-
scribed,28 and 20 ,ug of the RNA was size fraction-
ated on a vertical 1% agarose/6% formaldehyde gel
in the presence of 1 ,tg/ml ethidium bromide. The
RNA was transferred to GeneScreen plus nylon
membrane (NEN, Boston, MA) by a vacuum blotting
device (Millipore, Bedford, MA) and covalently linked
by 5 minutes of ultraviolet irradiation. Hybridizations
were performed at 42°C for 16 hours in 50% form-
amide, 5X standard saline citrate (SSC), 10% dex-
tran sulfate, 1% Sarkosyl NL-30, 100 ,ug/ml soni-
cated salmon sperm DNA, and 250 ,ug/ml tRNA. A
total of 2 x 106 cpm/mI of radioactively labeled
probe (sp. act. > 5 x 108 cpm/,ug DNA) was used
for hybridization. After hybridization, filters were
washed with a final stringency of 0.1X SSC, 0.1%
Sarkosyl NL-30 at 50°C. Autoradiography was per-
formed with an intensifying screen at -700C.

Immunofluorescence
AIDS-KS spindle cells were seeded in eight-well
chamber slides in DMEM/10% FCS. After adherence
of cells, medium was replaced with DMEM/0.5% FCS
for 48 hours. Subsequently, the respective factors
(PDGF-B, bFGF, asODN, and scrODN) were added
in DMEM/0.5% FCS for the respective periods of time
(c-myc induction, 4 and 16 hours; c-fos induction, 1
hour). To allow uptake of ODN in the shorter period of
time required for c-fos induction, ODNs were applied
to the cells 3 hours in advance and again simulta-
neously with addition of PDGF-B. Subsequently,
cells were fixed in methanol at -200C for 15 minutes
and subjected to immunohistochemical procedures.
Nonspecific binding was blocked by incubation with
normal sheep serum (Dianova, Hamburg, Germany)
for 30 minutes at 370C. Samples were incubated with
a monoclonal anti-c-Myc antibody (Oncogene Sci-
ence, Hamburg, Germany; diluted 1:20 in phos-
phate-buffered saline (PBS))29 or a monoclonal anti-
c-Fos antibody (Oncogene Science; diluted 1:20 in
PBS) for 2 hours at room temperature. To detect
anti-c-Myc antibody, either a Cy3-coupled anti-
mouse secondary antibody (Dianova; 1:2000) or a
5(6)-carboxy-rhodamine 101-N-hydroxysuccinimide
ester (RHODOS)-coupled anti-mouse secondary an-
tibody (Boehringer Mannheim; 1:10) was used. A
fluorescein isothiocyanate (FITC)-coupled anti-
mouse secondary antibody (Boehringer Mannheim;
1:50) was used to detect anti-c-Fos antibody. In
every case, incubation was carried out for 1 hour.
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Washing steps were performed between the differ-
ent incubations (three times for 5 minutes each with
PBS). Staining was evaluated on a fluorescence mi-
croscope (Zeiss, Oberkochen, Germany).

Western Blot Analysis

AIDS-KS cells were plated subconfluently (3 x 106
cells/dish) in six-well dishes (Costar Europe) in DMEM/
FCS 10% for 24 hours. The Medium was then replaced
with DMEM/0.5% FCS, and after additional incubation
for 48 hours, medium was supplemented with the re-
spective factors (PDGF-B, IFN-Conl, or ODN). At 4
and 16 hours later, cells were lysed in 100 ,ul of 2X
polyacrylamide gel electrophoresis buffer (130 mmol/L
Tris/HCI, pH 6.8, 10% sodium dodecyl sulfate (SDS),
20% glycerol, 1.4 mol/L ,-mercaptoethanol, 0.01%
bromphenol blue), harvested with a rubber policeman,
and snap-frozen in liquid nitrogen. Cell extracts (80 ,tl)
were loaded on a 12.5% SDS-polyacrylamide gel. After
electrophoresis, proteins were transferred to nitrocellu-
lose (0.22 ,tm pore size; Schleicher and SchOll, Dassel,
Germany). Nonspecific binding sites were blocked by
incubation for 1 hour in TBST (10 mmol/L Tris, pH 8.0,
150 mmol/L NaCI, and 0.05% Tween 20) supple-
mented with 5% nonfat milk powder. c-Myc protein was
detected by incubating the blot first with a mouse
monoclonal anti-c-Myc antibody (1 :10 in TBST)30 for 10
hours at 4°C, and after washing in TBST (three times for
5 minutes each) with alkaline-phosphatase-conjugated
goat anti-mouse antibody (Serva, Heidelberg, Ger-
many) for 60 minutes at room temperature (1:7500 in
TBST). After washing away excess antibody, the filter
was developed using the BCIP/NBT staining system
(Promega Corp., Madison, WI). Band intensity was
quantified using a Vilbert Lourmat BIOID V 6.02c sys-
tem.

Uptake of Deoxyglucose
Uptake of 2-[3H]deoxyglucose was essentially mea-
sured as described previously.19 Cells were seeded
into 24-well plates and cultured in DMEM/10% FCS.
After 24 hours, medium was replaced with DMEM/
0.5% FCS, and 48 hours later, cells were preincubated
for 30 minutes in glucose-free DMEM supplemented
with PDGF-B (2 nmol/L) and the respective ODN. Sub-
sequently, 2.5 ,tCi of 2-[3H]deoxyglucose (0.2 mmol/L;
Amersham) was added. After 15 minutes of incubation,
cells were washed and trypsinized, and cell-bound
activity was measured by liquid scintillation counting.

Cytotoxicity Assay
A total of 1 x 104 AIDS-KS spindle cells was cultured in
24-well plates in DMEM/0.5% FCS. Cytotoxicity of IFN-
Conl (in concentrations ranging between 0.08 ng/ml
and 80 ng/ml) or as/s/scrODN (3, 6, and 10 ,tmol/L)
was determined by trypan blue dye (0.5% in 0.85%
saline) exclusion at days 1, 3, and 5.

Immunohistochemistry

Biopsy specimens for immunohistochemical detection
of c-Myc protein were obtained from nine HIV-infected
patients in Centers for Disease Control (CDC) group
C.31 All patients belonged to the risk group of homo-
sexuals and were treated with 3'-azido-3'-deoxythymi-
dine (AZT). All biopsies were removed for diagnostic
purposes with the informed consent of the patients. KS
development was still in progress in all patients when
KS biopsy specimens were obtained. No KS-specific
medical treatment was applied.

Immediately after removal, the biopsy tissues were
fixed in 4% paraformaldehyde at 40C overnight. Dehy-
dration and embedding in paraffin was carried out as
described previously.89 Tissue sections were incu-
bated with a monoclonal anti-c-Myc antibody (Onco-
gene Science; dilution, 1:20 in PBS)29 for 1 hour at
room temperature. Bound primary antibody was de-
tected by using a biotin/streptavidin-based detection
kit (Super Sensitive Detection Kit, BioGenex, San
Ramon, CA) according to the supplier's instructions.
Staining was performed with fast red chromogen for 30
minutes. After completion of the staining reaction, sec-
tions were counterstained in Mayer's hematoxylin. In
additional control experiments, the primary antibody
was replaced with bovine serum albumin. No staining
was observed in these experiments. The Super Sensi-
tive Detection Kit was also used together with heterol-
ogous antibodies for the detection of several different
antigens (von Willebrand factor, PDGF (3-receptor,
monocyte chemoattractant protein-1) in KS tissue sec-
tions obtained from the same paraffin blocks as used in
this study. Clearly different patterns of staining were
obtained in these studies; in no case was nonspecific
background staining observed (data not shown).

Results

c-myc Expression in Cultivated AIDS-KS
Spindle Cells Is Adversely Regulated by
PDGF-B and by IFN-Con 1

Quiescent AIDS-KS spindle cells did not synthesize
significant amounts of c-myc mRNA, as measured by
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Figure 1. A: Northern blot analysis for c-myc expression in AIDS-KS spindle cells. Cells were incubated for 4 hours in DMEM/O.5% FCS (negative
control) or in DMEM/O.5% FCS supplemented with PDGF-B (2 nmol/L) or with PDGF-B (2 nmol/L) plus IFN-Con1 (8 ng/ml). Total RNA was isolated,
subjected to electrophoresis, and blotted onto a nylon membrane. Hybridization was carried out with a radioactively labeled human c-myc probe (sp.
act. - 5 X 1OP cpnvjkg DNA) at 42°Cfor 6 hours. Lane 1, negative control (DMEM/0. 5% FCS); lane 2, positive control (PDGF-B, 2 nmol/L); lane
3, PDGF-B (2 nmol/L) plus IFN-Conl (8 ng/ml). When incubation with the respective factors was carried out for 4 hours, identical results were

obtained. Addition of IFN-Conl to the medium resulted in a decreased expression of c-myc. B: Ethidium bromide visualization of blotted RNA
indicated that equal amounts ofRNA were applied onto each lane. Lane 1, negative control (DMEM/0.5% FCS); lane 2, positive control (PDGF-B,
2 nmol/L); lane 3, PDGF-B (2 nmol/L) plus IFN-Conl (8 ng/ml). C: Western blot analysis ofc-Myc protein in AIDS-KS spindle cells. AIDS-KS spindle
cells were incubatedfor 4 hours with PDGF-B (2 nmol/L) either alone or in thepresence ofincreasing concentrations ofIFN-Conl Lane 1, negative
control (DMEM/0.5% FCS); lane 2, positive control (PDGF-B, 2 nmol/); lane 3, PDGF-B (2 nmol/L) plus IFN-Conl (0.08 ng/mb; lane 4, PDGF-B (2
nmol/L) plus IFN-Conl (0.8 ng/mb); lane 5, PDGF-B (2 nmol/L) plus IFN-Conl (8.0 nglml); lane 6, PDGF-B (2 nmol/L) plus IFN-Conl (80 ng/mb).
IFN-Conl inhibited the PDGF-B-induced synthesis of c-Myc protein dose dependently. D: Densitometric evaluation of band intensities from the
Western blot shoun above (C). E to G: Immunofluorescence stainingfor detection ofc-Myc protein in AIDS-KS spindle cells. Itncubation with the respective
factor was carried outfor 16hours. Photographs were taken applying constant exposure timesforallsamples( lOseconds). E: Negative control(DMEM/0.5%
FCS) with quiescent cells reveals only low-grade nuclearstaining. F: Positive control (PDGE-B, 2 nmo//L) with rapidlyproliferating cells and strong nuclear
staining (arrow). G: Cells stimulated with PDGF-B(2 nmol/L) and incubated with IFN-Conl (8 n/ml) display a markedly reduced signalforc-Mycprotein.

Northern blot analysis (Figure 1A, lane 1), and c-Myc
protein, as analyzed by Western blot (Figure 1 C, lane
1) and immunocytochemistry (Figure 1 E). Four hours
after incubation with PDGF-B (2 nmol/L, c-myc

mRNA synthesis was significantly increased in
AIDS-KS spindle cells (Figure 1A, lane 2). Western

blot analysis demonstrated that the induction of c-

myc mRNA was associated with an increase of c-

Myc protein (Figure 1C, lane 2). Densitometric eval-
uation of band intensities of the Western blot analysis
revealed a 4.6-fold higher amount of c-Myc protein in
PDGF-B-stimulated cells compared with quiescent
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Figure 2. A: Effects of IFN-CGoil on DNA synthesis ofAIDS-KS spindle cells stinuitdlated iwith PDGF-B. CGltitated AIDS-KS spindle cells showed a low
rate ofDNA synthesis in the absence ofPDGF-B ( Neg. ctr). DNA sy7thesis was highly simuilate-d by PDGF-B (2 omiiiol L; Pos. ctr.). Additionl ofIFN-Coni
to PDGE B-stimulated cells inhibited DNA synthc.sis in a concentration-dependent manner. Cells were seeded anid allowed to adherefor 24 hours in
DMFMOI10%/ FCS. Sibsecquently, cells cre incuibated ini DMEM0. 50 FCSJor 48 hours anid, atier the addition- oJ'the respectivefactoro in DMEM0. 5%
FCS, for an? additional 20 hours. Ajter- this inicutbationi, f1nethyl-H]thymidine was addedJbr 4 hours. Finally, cells were washed, trpsinized, and
harvested with a cell hanrester, and incorporated radioactivity was determined by liqutid scintillation counting. Each point represents the mean of
a triplicate assay (mean + SD). Each experiment iwas reproduced at least three times and yielded identical results. B: Efftcts of IFN-Conl o0I
PDGF-B-induced directionial migration of AIDS-KS spindle cells. Migrator activity of cultivated AIDS-KS spindle cells uas low in the absence of
PDGE-B (Neg. ctr.). Directional migration uas highly simuiiilated by PDGE B (2 nmol/L; Pos. ctr.). Additioni ofIEN-Coni to PDGE-B-stimulated cells
inihibited directional migration ofAIDS-KS,spindlec) cells in1 a concentration-dependent manner. The lower compartment ofa Boyden chamber was

filled uith a soluition of the respective factor in DMEM anid the uipper compartment w'ith cell suispenisioni (1.8 X 105 cells/ml). Each assay was set up
ini triplicate. The chambers uxere inctubated at .37Cfor 4 hours. 7he nutnibers of transmigrated cells on each filter were determined in 42 differenit
eiicroscopic fields ofeach filter ( magnification, X 160) with a computer-assisted analysis system. 7The means + SD of all 42fields of each triplicate
iwere calctulated and are shoiwn. Each experiment ias reprodu.ced at least three time(s and yielded identical results.

cells (Figure 1D, bar 2). Immunofluorescence con-
firmed the data obtained by Western blot analysis. A
highly increased signal for c-Myc protein was ob-
served in the nuclei of PDGF-B-treated cells (Figure
1 F, arrow) in comparison with unstimulated cells
(Figure 1E).

Recently, a novel IFN, IFN-Conl, coding for the
most frequent amino acids of eight different leuko-
cyte a-IFNs has been recombinantly produced in
Escherichia co/i.32 It has been shown that IFN-
Conl, in comparison with other available a-IFNs,
revealed similar specificity but increased effec-
tiveness against KS cells in vitro.33 For these rea-
sons, IFN-Conl was used in the following experi-
ments.

IFN-Con1 decreased the PDGF-B-induced synthe-
sis of c-myc mRNA (Figure 1A, lane 3) and of c-Myc
protein (Figure 1C, lanes 3-6) in cultivated AIDS-KS
spindle cells. Densitometric evaluation demonstrated a
clearly dose-dependent decrease of c-Myc protein in
IFN-Conl-treated cells (Figure 1D, bars 3-6). At the
maximal inhibitory concentration of IFN-Conl (IC100 =
80 ng/ml), the level of c-Myc protein was reduced by

66% compared with the c-Myc level in PDGF-B-stimu-
lated cells without IFN-Con1 (half-maximal inhibitory
concentration (1C50) of IFN-Conl was between 0.08
and 0.8 ng/ml; Figure 1C, lanes 3-6, and Figure 1D,
bars 3-6). The inhibition of c-Myc protein synthesis by
IFN-Conl was also demonstrated by immunocyto-
chemistry (Figure 1G). Differences between cells
treated or not treated with IFN-Con1 were evident, es-
pecially with respect to the nuclear staining for the
c-Myc protein (Figure 1F, arrow, and Figure 1G).

Proliferation and Migration of Cultivated
AIDS-KS Spindle Cells Is Adversely
Regulated by PDGF-B and IFN-Con 1

Cultivated AIDS-KS spindle cells showed a low pro-
liferation (Figure 2A, Neg. ctr.) and migration rate
(Figure 2B, Neg. ctr.) in the absence of PDGF-B.
Both proliferation and migration of these cells were
highly stimulated by 2 nmol/L PDGF-B (proliferation
6.8-fold (Figure 2A, Pos. ctr.) and migration 46-fold
(Figure 2B, Pos. ctr.) compared with unstimulated

8-

7-
6-

5-

4-

3-
2-

1-

n_-

CO

x

E
0Q
0

fi
I I

.0b .OlC,;.p qo

I

u I

0-6



c-myc in Kaposi's Sarcoma 1877
4/P December 1996, Vol. 149, No. 6

A

100
C.)
'B 80
0-

L- 60
.0
E
c 40
ai)
0

2
20

C) Oligonucleotide (pM)

B C

Figure 3. A: Fffjcts ofasODN(black bars), scrODN(bright gray bars), and sODN(dark gray bars) on proliferation ofAIDS-KS spindle cells. Cells were
cultitvated in DMEM/O. 5% FCS and stimu4lated uith PDGF-B (2 nmol/L). ODNs uere added at day 1 and uwere replac-d at days 3 and 6. Cell number
was counted at day 9. Results are expressed as the percenitage ofcell grouth compared with grouth ofPDGF-B-stimzulatced control cells in the absetnce
ofODN(white bar). PDGF-B-induced cell grouwth ivas markedly reduced by addition ofasODNdirected against c-myc mRNA. Each point represents
the mean of a tnplicate assay (mean ± SD). Each experiment was reproduced at least three times and yielded identical results. B and C:
Immuinofluorescence stainin-g /fc-Myc protein in AIDS-KS spindle cells after stimulation with PDGF-B (2 nuinl L) and treatnient with ODN. AIDS-KS
cells treated with asODN (6 ,uimol L; B) displayed significantly redzuced amonints of c-Myc protein coniipared with control AIDS-KS cells treated with
scrODN (C). Photographs were taken applying constanit exposure timesfor all samples (10 seconds).

control cells), whereas addition of IFN-Conl inhib-
ited proliferation and migration in a concentration-
dependent manner (Figure 2A and Figure 2B).

At maximal inhibitory concentrations of IFN-Conl,
values of the DNA synthesis were reduced by 77%
(+SD) compared with untreated control cells (0.08

ng/ml < 'C50 0.8 ng/ml). Migration was reduced
by 71% (+SD) compared with the control without
IFN-Conl (IC50 < 0.08 ng/ml). An additional in-
crease of IFN-Conl concentration did not result in
stronger inhibition in either of the two experiments.
No significant toxic effects of IFN-Conl on cultured
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Figure 4. Immunofluorescence staining ofc-Fosprotein in AIDS-KS spindle cells after stimulation with PDGF-B (2 nmol/L) and treatment with ODN.
In comparison with unstimulated cells (A), synthesis of c-Fos protein was clearly increased in PDGF-B-treated cells (B). In PDGFB-stimulatcd cevlls
c-Fos protein was affected neither by the addition of c-myc-specific asODN(C) nor by the addition ofscrODN(D) at a concentrationz of 6 A mollL.
Photographs were takeni applying constant exposu.re times for all samples ( 10 seconds).

AIDS-KS spindle cells were observed in a trypan
blue dye exclusion assay (data not shown).

c-myc Regulates Proliferation and Migration
of Cultivated AIDS-KS Spindle Cells
Phosphothioate asODNs directed against c-myc
mRNA were used for specific inhibition of c-Myc
synthesis to investigate whether and to what extent
c-myc regulates proliferation and migration of culti-
vated AIDS-KS spindle cells.

Proliferation of PDGF-B-stimulated AIDS-KS cells
was clearly inhibited by c-myc-specific asODN at a
concentration of 3 gmol/L (Figure 3A, black bar,
whereas scrODN (bright gray bars), with the same
base composition as asODN and sODN (dark gray
bars), with structural features identical to those of
asODN, exerted no significant inhibitory effects at
this concentration (Figure 3A). At higher concentra-
tions (6 and 10 ,umol/L), inhibition of proliferation by

asODN increased due to non-sequence-specific ef-
fects as suggested by the increased inhibitory ef-
fects of the control ODN (Figure 3A).

Besides the use of sODN and scrODN, numerous
additional controls were performed to prove the
specificity of c-myc asODN. First, immunocytochem-
istry revealed that, specifically, asODN decreased
c-Myc protein levels (Figure 3B), whereas high levels
of c-Myc protein were observed in the nuclei of
AIDS-KS spindle cells in the presence of control
ODN (Figure 3C, arrow). These data were also con-
firmed by Western blot analysis (data not shown).
Second, the expression of the heterologous c-fos
gene was not inhibited by c-myc asODN in AIDS-KS
spindle cells. In comparison with unstimulated cells
(Figure 4A), synthesis of c-Fos protein was clearly
increased in PDGF-B-treated cells (Figure 4B). In
PDGF-B-stimulated cells c-Fos protein was affected
neither by the addition of c-myc-specific asODN
(Figure 4C) nor by the addition of scrODN (Figure
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4D). Third, to further demonstrate that the asODN
specifically caused inhibition of proliferation by inhi-
bition of c-myc expression and not by inhibition of
PDGF-B binding to its cognate receptor, we per-
formed 2-[3H]deoxyglucose uptake experiments
(Figure 5). The uptake of 2-[3H]deoxyglucose into
eukaryotic cells is stimulated by PDGF-B as long as
the binding of PDGF-B to its cognate receptor has
not been compromised.19 Indeed, PDGF-B clearly
increased the 2-[3H]deoxyglucose uptake into
AIDS-KS spindle cells (Figure 5, Pos. ctr.) in com-
parison with the unstimulated control cells (Figure 5,
Neg. ctr.). In increasing concentrations (3, 6, and 10
,umol/L), neither asODN (Figure 5, black bars),
scrODN (Figure 5, bright gray bars), nor sODN (Fig-
ure 5, dark gray bars) significantly decreased the
PDGF-B-mediated 2-[3H]deoxyglucose uptake into
AIDS-KS spindle cells. This clearly demonstrated
that inhibition of proliferation by asODN was caused
by specific inhibition of c-myc synthesis rather than
by nonspecific effects such as PDGF-B binding to its
receptor.

PDGF-B-induced migration of AIDS-KS spindle
cells was also inhibited by c-myc-specific asODN
(Figure 6A). Inhibition at a 1 gmol/L concentration of
asODN was 68% compared with the untreated con-
trol. At a 3 ,tmol/L concentration of asODN inhibition
increased up to 96%. scrODN as a control caused
no significant inhibition of migration of AIDS-KS spin-
dle cells at these concentrations. Filters obtained
from the Boyden chamber assay showing migrated
cells under various conditions impressively docu-
mented this fact (Figure 6, B-I). Migration was highly
induced by PDGF-B (Figure 6C) and clearly inhibited
by increasing concentrations of asODN (Figure 6, D,
F, and H), whereas increasing concentrations of
scrODN had only moderate effects on AIDS-KS spin-
dle cell migration (Figure 6, E, G, and 1).

Recently, bFGF has been heralded as a major
regulator of KS angiogenesis.634 Interestingly, we
could show that bFGF (10 ng/ml) induces c-myc
expression in cultivated AIDS-KS spindle cells (Fig-
ure 7B, arrow) in comparison with unstimulated cells
(figure 7A) and that inhibition of c-myc expression
also inhibited bFGF-induced proliferation of AIDS-KS
spindle cells (data not shown).

c-myc Is Highly Expressed in AIDS-KS
Spindle Cells in Vivo
To investigate whether the c-myc gene is also ex-
pressed in AIDS-KS lesions and thus may also reg-
ulate proliferation and migration of AIDS-KS spindle

cells in vivo, we performed immunohistochemical
stainings for c-Myc protein in histological sections
from AIDS-KS lesions (Figure 8). With this method,
c-Myc protein was predominantly detected in the
spindle cells, which are evident by their characteris-
tic longitudinal arrangement in distinct aggregates
(Figure 8A, arrow). Spindle cells positive for c-Myc
were detected in AIDS-KS lesions of the angioma-
like type (Figure 8B, arrow) and also of the fibrosar-
comatous type (Figure 8C, arrow). Inflammatory cells
present in these KS tissues were negative for c-Myc
(Figure 8C, arrowhead). A higher magnification dem-
onstrated nuclear localization of the c-Myc protein
(Figure 8D, arrow), which strongly indicates that c-
myc is active in the regulation of AIDS-KS spindle
cell proliferation and migration not only in vitro but
also in vivo. The detection of nuclei of AIDS-KS spin-
dle cells that were negative for c-Myc protein (Figure
8D, arrowhead) proved staining specificity by ex-
cluding cross-reactivity of the anti-c-Myc antibody
with ubiquitously present non-c-Myc-related nuclear
proteins. In an early AIDS-KS lesion, c-Myc protein
was also present but in reduced amounts (Figure
8E). As a control for proliferating tissue, the epider-
mal layer overlaying KS was used. Proliferating basal
cells of the epidermis stained clearly positive for
c-Myc protein (Figure 8G, arrow). As a negative con-
trol, AIDS-KS sections were subjected to the immu-
nohistochemical procedure omitting the primary an-
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Figure 5. Effects qf asODN (black bars), scrODN (bright gray bars),
and sODN(dark gray bars) on 2-[Hldeoxyglucose uptake ofAIDS-KS
spindle cells. Cells were cultivatedfor 48 hours in DMEM/0.5% FCS and
for 30 minutes in glucose-free DMEM either without any additional
additives (Neg. ctr.) or supplemented with PDGF-B (2 nmol/L) either
alone (Pos. ctr.) or in combination with increasing concentrations (3,
6, and 10 ,umol/L) of the respective ODN. Subsequently, 2.5 ,uCi of
2-P[HIdeoxyglucose was added. After 15 minutes of incubation, cells
were washed and trypsinized, and cell-bound activity was measured
by liquid scintillation counting. Each point represents the mean of a
triplicate assay (mean + SD).
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Figure 6. A: Effects of ODN on PDGF-B-induced
migration ofAIDS-KS spindle cells. Neg. ctr., neg-

ative control (without PDGF-B); black bar, posi-
tive control (PDGF-B, 2 nmol/L); dark gray bars,
PDGF-B plus asODN; bright gray bars, PDGF-B
plus scrODN. asODN directed against c-myc

mRNA inhibited PDGF-B-induced migration dose
dependently. Each experiment was carried out in
triplicate. The numbers of transmigrated cells
were determined in 42 different microscopicfields
of each filter. The means + SD of all 42 fields of
each triplicate were calculated and are given in
the results. Each experiment was reproduced at
least three times andyielded identical results. B to
1: Filters from Boyden chambers with fractions of
migrated cells on their lower surface. The panel
displays the effects ofasODN against c-myc mRNA
and ofscrODN on PDGF-B-induced migration of
AIDS-KS spindle cells. B: Negative control (without
PDGF-B). C: Positive control (PDGF-B, 2 nmol/L).
D, F, and H: PDGF-B (2 nmol/L) plus increasing
concentrations ofasODN( 1, 3, and 6,pmo1IL). E,
G, and 1: PDGF-B (2 nmol/L) plus increasing
concentrations ofscrODN ( 1, 3, and 6 ,umol/L).
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Figure 7. Immunocytochemical staining ofthe c-Myc protein in quiescent (A) and bFGF-stimulated (B) cultivated AIDS-KS spindle cells. Incubation
with bFGF was carried outfor 4 hous. Photographs uwere taken applying constant exposure times (10 seconds).

tibody. In no case was a positive staining observed
on these control sections (Figure 8, F and H).

Discussion
In this study we demonstrated that PDGF-B, a major
mitogen in AIDS-KS pathogenesis,8 and IFN-
Con1, a derivative of IFN-a, which is antitumorigenic
in AIDS-KS therapy,12-15 exercised adverse effects
on migration and proliferation of cultivated AIDS-KS
spindle cells. The adverse activities of both factors
were mediated by the proto-oncogene c-myc. This
suggested that the activities of different cytokines
and growth factors that are active in KS pathogene-
sis and therapy may converge onto more central
regulatory molecules. These regulatory molecules
may serve as molecular targets for the development
of novel strategies for medical treatment of KS.

c-myc gene expression is induced by PDGF-B in
most cells that are susceptible to the action of this
growth factor. The effect of IFN-a on c-myc expres-
sion is regarded to be heterogeneous among differ-
ent cell types. In certain leukemia cells, IFN-a acti-
vated c-myc expression,35 whereas in other cell
types, IFN-a had no effect on c-myc expression
(HL-60 and U93720), and inhibition of c-myc synthe-
sis by IFN-a has also been reported, for example in
lymphoid Daudi cells20 and renal carcinoma cells.36
Investigating cultivated AIDS-KS spindle cells, we
found that PDGF-induced expression of c-myc was
markedly down-regulated by IFN-a. Previous studies
demonstrated that IFN-a interferes neither with
PDGF-B binding to its receptor nor with PDGF-in-
duced receptor activation.19 In addition, toxic effects
of IFN-a as an explanation for the inhibitory effects
have not been detected in our experiments. There-

fore, we concluded that c-myc down-regulation was
mediated by IFN-a-specific mechanisms.

Northern blot analysis demonstrated that IFN-a
regulated c-myc expression in AIDS-KS spindle cells
on the RNA level. Down-regulation of c-myc expres-
sion by IFN-a may be caused by reduction of the
half-life of c-myc mRNA, as has been reported for
Daudi cells,37 or by the inhibition of c-myc gene
transcription.

Whatever the responsible mechanisms are, it is
evident that the expression of c-myc is adversely
regulated by PDGF and IFN-a in AIDS-KS spindle
cells. It is important to know whether the regulation of
c-myc expression may have an impact on the migra-
tion and proliferation of AIDS-KS spindle cells. The
correlation between c-myc gene expression and pro-
liferation is variable in different cell types.18'24'35,38,39
In AIDS-KS spindle cells, c-myc expression was pos-
itively correlated with proliferation and migration,
which suggested that the c-Myc protein may regu-
late proliferation and migration of these cells.

Specific inhibition of c-myc expression using anti-
sense ODNs was carried out to investigate the role of
the c-Myc protein in AIDS-KS spindle cells in more
detail. PDGF-B-induced proliferation and migration
were reduced by c-myc-specific asODN. Inhibition
of migration was clearly stronger than inhibition of
proliferation. These results are in agreement with the
results observed by others25 and may be explained
by a better uptake of ODN into cells in suspension,
as is the case in the Boyden chamber assay.

To exclude non-sequence-specific effects of
ODN, which have been observed by others,4041 nu-
merous controls were performed in this study. For
the following reasons these experiments strongly
suggest that in our experimental set-up asODN spe-
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cifically inhibited c-myc expression. First, low con-
centrations of asODN (1 to 3 ,umol/L) were effective
in the inhibition of AIDS-KS cell migration and prolif-
eration, whereas second, scrODN and sODN had no
effect. Third, specific reduction of the c-Myc protein
after incubation with asODN was shown. Fourth, syn-
thesis of c-Fos, a protein unrelated to c-Myc, the
expression of which is also induced by PDGF-B, was
not affected by c-myc-specific asODN. Fifth, interac-
tion of PDGF-B with its receptor has not been com-
promised by the ODN. This was demonstrated by
2-[3H]deoxyglucose uptake, which was induced by
PDGF-B, and was not affected by asODN, sODN, or
scrODN. On the basis of these results, we conclude
that down-regulation of c-myc expression is suffi-
cient to inhibit proliferation and migration of AIDS-KS
spindle cells. This indicates that c-Myc may be a
major regulatory molecule of AIDS-KS spindle cell
proliferation and migration in vitro.

In addition, high amounts of c-Myc protein were
detected in the nuclei of KS spindle cells in all biopsy
specimens from primary lesions of AIDS-KS patients
(nine of nine), which provides evidence that c-myc
may also regulate proliferation and migration in
AIDS-KS spindle cells in vivo.

Adverse regulation of c-myc expression in
AIDS-KS spindle cells by PDGF-B, a major KS patho-
gen, and by IFN-a, a major KS inhibitory factor,
suggested that important molecular pathways of KS
pathogenesis and therapy may be focused on the
regulation of c-myc gene expression. Interestingly,
bFGF, which has been heralded as a major regulator
of KS angiogenesis recently,634 induced c-myc ex-
pression in cultivated AIDS-KS spindle cells. In ad-
dition, we could show that inhibition of c-myc expres-
sion also inhibited bFGF-induced proliferation of
AIDS-KS spindle cells (our unpublished data). It will
be interesting to learn whether the activities of addi-
tional AIDS-KS pathogens, such as the HIV-Tat pro-
tein6 and vascular endothelial growth factor,42'43
also converge onto the regulation of c-myc gene
expression in AIDS-KS spindle cells. This would fur-
ther underline the importance of the proto-oncogene
c-myc as a molecular target for medical treatment of
AIDS-KS.
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