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Involvement of Vascular Endothelial Growth Factor in Kaposi’s Sarcoma Associated

with Acquired Immunodeficiency Syndrome
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To examine the role of vascular endothelial growth factor (VEGF) in the development of edema
associated with Kaposi’s sarcoma (KS) in acquired immunedeficiency syndrome (AIDS), we exploited
animal model systems to detect the activity that induces vascular hyper-permeability (VHP) using
cultured AIDS-KS spindle cells. Cultured AIDS-KS spindle cells and conditioned medium (AIDS-
KS-CM) that had been semi-purified through a heparin affinity column were tested for the ability to
induce VHP in animals, The AXDS-KS spindle cells and AIDS-KS-CM induced VHP that was
histamine-independent. The VHP-inducing activity was detected in the 0.5 M NaCl fraction from the
heparin affinity column and was blocked by anti-VEGF neutralizing antibody. In addition, the
production of VEGF was demonstrated in fresh AIDS-KS tissue as well as in cnltured ATDS-KS cells,
while control cells were negative for YEGF production. From these observations, we concluded that

AIDS-KS cells produce a factor(s) that promotes VHP, and this factor could be VEGF.
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Tumor development often involves characteristic
changes in blood vessels such as proliferation (neo-vascu-
larization or angiogenesis) and vascular hyper-perme-
ability (VHP)."™ Among the tumors with which vascu-
lar changes are associated, Kaposi’s sarcoma (KS) is
distinet, in that it is considered to originate from vascuiar
endothelial or vascular smooth muscle cells*™® and it is
associated with abundant angiogenesis and severe edema.
Edematous lesions associated with KS have been de-
scribed many times since the initial description by Kaposi
himselfl in1872.” Severe edematous lesions in AIDS-KS
sometimes cause life-threatening complications such as
pulmonary edema, massive pleural effusion, and refrac-
tory protein-losing enteropathy, as well as swollen and
painful extremities.’®!?

Since the identification of factors from KS that in-
duce angiogenesis,'*'® it has been postulated that tumor-
associated edema may be mediated by soluble factor(s)
released from the tumor cells. Among such factors
known to be produced from KS cells, VEGF (vascular
endothelial growth factor) is unique in that it has potent
angiogenic activity and it also induces VHP.!"29

Edema associated with tumor cell infiltration is gener-
ally considered to be due to the obstruction of vascular or
lymphatic vessels by the tumor cells.?2* However, edem-
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atous lesions associated with KS cannot solely be as-
cribed to mechanical obstruction by tumor cells. Micro-
scopic findings of KS lesions include irregular, thin-
walled, and dilated vascular spaces associated with extra-
vasated red blood cells, proliferating endothelial cells,
perivascular pseudo-granulomatous aggregations of spin-
dle cells, and infiliration of inflammatory cells.” Fur-
thermore, some of these abnormal vascular proliferative
responses and lymphocytic cell infiltrates are also de-
tected in the clinically uninvolved skin surrounding early
flat (macular) AIDS-KS lesions.”?” These findings
strongly suggest the involvement of soluble factor(s)
affecting vascular permeability in the development of
edema associated with KS.

To investigate the edematous lesions associated with
KS, we have developed an in vive experimental system
using nude mouse and long-term culture of spindle cells
derived from AIDS-KS lesions (AIDS-KS-cells).” > We
have also developed a modified guinea pig system for
studying the VHP-inducing activity’® of the conditioned
medium from ATDS-KS cells; this system is highly repro-
ducible and more sensitive and econorical than the nude
mouse system. Using these model systems, we have inves-
tigated the development of edema and the role of cyto-
kines produced by the ATDS-KS cells in promoting VHP.

MATERIALS AND METHODS

Reagents and cytokines Indomethacin, dexamethasone,
triprolidine and Evans blue were purchased from Sigma
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(St. Louis, MO). Recombinant human oncostatin M
{rhOSM), recombinant human basic fibroblast growth
factor (rhbFGF) and recombinant human vascular en-
dothelial growth factor (rhVEGF) were purchased from
R&D (Minneapolis, MN). Recombinant human inter-
leukin-8 (rhlL-8) from Pepro Tech Inc. (Rocky Hill,
ND).

Cell cultures and the conditioned medinm (CM) Both
short- and long-term cultured AIDS-KS cells were devel-
oped from biopsies from a number of HIV-1 infected
patients with KS.% These tumor cells were derived from
pleural fluid (USC-22), lung (KS-3) and oral submucosa
(KS-10). These cells were kindly provided by Dr. S.
Nakamura, University of Southern California. AIDS-KS
cells were subcultured and maintained in gelatinized
flasks in RPMI1640 medium supplemented with 15%
fetal calf serum and with either 20% CM from an
HTLV-II transformed T-cell line (38-10) or 1 ng/ml of
rhOSM.?" The medium was renewed at 3-day intervals.
AIDS-KS cells fixed with 0.00125% glutaraldehyde were
used as controls in animal experiments.

Non-KS control cells were cultured as follows:human
umbilical vein endothelial cells (HUVEC) in gelatinized
flasks in RPMTI1640 supplemented with 15%FCS, 50 ug/
ml endothelial cell growth supplement (ECGS, UBI Inc.,
Lake Placid, NY) and 45 gg/ml heparin; human smooth
muscle cells (HSMC) in RPMI 1640 with 109FCS;
human skin and lung fibroblasts (HSF and HLF) in
Dulbecco’s modified Eagle’s medium with 109 FCS.
Media were replaced every 3 days for these cells. These
cells were also cultured under the same conditions as
ATIDS-KS spindle cells.

AIDS-KS-CM was harvested from the confluent KS-3
or USC22 cell cultures (approximately 1.5X10° cells/
ml). They were then incubated for 72 h with phenol
red-free RPMI1640 medium supplemented with either
10% FCS (AIDS-KS-CM10) or 1% bovine serum albu-
min (BSA) plus 1% NutridomaTM (Boehringer Mann-
heim, Indianapolis, IN) (AIDS-KS-CMO). The medium
was harvested, cells and cell debris were removed by
centrifugation, and the supernatant was concentrated 10—
30 fold by ultrafiltration (Omega 10K, Filton, MA), then
dialyzed against phosphate-buffered saline (PBS), and
filtered before storage at 4°C or —20°C. CM from con-
trol cell cultures was prepared by the same procedures.
Vascular hyperpermeability (VHP) assays VHP activity
induced by AIDS-KS cells or AIDS-KS-CM was evalu-
ated in terms of dye exudation in the local microvascula-
ture. AIDS-KS cells were inoculated intraperitoneally
(2.0x10% or subcutaneously (4.0X10%) into 8- to 9-
week-old female Balb/c athymic nude (ru/nu) mice
(Simon Laboratories Inc., Gilroy, CA). Mice were in-
Jjected intravenously with 100 11 of 1% (w/v) Evans blue
in PBS at 30 min, 1 h,3h,6h, 12h, I8 h, 24 h, 48 h and
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96 h after injection of AIDS-KS cells, then anesthetized
with ether and killed 15 min after the dye-injection. The
extent of dye (Evans blue) leakage in the mice that had
been peritoneally injected with AIDS-KS cells was mea-
sured as follows. The peritoneal cavity was lavaged with
1.5 ml of PBS. The amount of Evans blue exuded into the
peritoneal fluid was measured in terms of the optical
absorbance at 510 nm using a spectrophotometer (Phar-
macia LKB Ultrospec I1).*» The dye leakage induced by
subcutaneous injection of AIDS-KS cells was visually
inspected and photographs were taken for the record.

The VHP activity of AIDS-KS-CM was evaluated as
follows. The concentrated ATDS-KS-CM was injected
intradermally into 9- to 10-week-old male Hartley guinea
pigs (Japan SLC, Hamamatsu) with some modification
of the previous method.*” Guinea pigs were injected
intracardially with 1 ml of Evans blue (1% (w/v) in
PBS) at various intervals (0-3 h) after the injection of
ATDS-KS-CM. Animals were anesthetized with ether
and killed 30 min after the dye injection. The dye leakage
at the site of AIDS-KS-CM injection was photographed
and the dermal lesion was then punched cut (2.5 cm in
diameter) for dye extraction. The Evans blue was ex-
tracted from the skin tissues with formamide at 65°C for
36 1* and the absorbance at 510 nm was measured
spectrophotometrically.

In order to distinguish the VHP response induced by
AIDS-KS cells or the fraction derived from AIDS-KS-
CM from that mediated by histamine, triprolidine, a
histamine antagonist, was injected (10 pg/site) at the
same time as AIDS-KS cells or AIDS-KS-CM.* In
addition, triprolidine was also injected subcutaneously 8,
10 and 12 h after injection of ATDS-KS cells. To exclude
the possibility of involvement of prostaglandins or leuko-
trienes in mediating the VHP response observed with
AIDS-KS cell-derived factor(s), indomethacin or dexa-
methasone were administered locally (50 y#g/kg) or sys-
temically (10 mg/kg intraperitoneally).***” One hun-
dred ng/site of thbFGF or rhlL-8 was also injected
intradermally to examine its ability to induce VHP.
Purification of VHP activity through a heparin affinity
column AJDS-KS-CM preparations, thirty ml of 10-
fold-concentrated AIDS-KS-CM10 and 10 ml of 30-fold-
concentrated ATDS-KS8-CMO (serum-free) were dialyzed
overnight against a buffer containing 0.02 M Tris. HCI
{(pH 7.2) and 0.1 M NaCl. These CM samples were
mixed with 8 ml of heparin-Sepharose (Bio-Rad, Hercu-
les, CA) equilibrated with the dialysis buffer and in-
cubated overnight at 4°C. The mixture was packed into a
disposable econo column (Bio-Rad). The flow-through
fraction was collected and further concentrated 3-fold.
The column was extensively washed with the starting
buffer (0.02 M Tris, HCI (pH 7.2) and 0.1 M NaCl) and
was eluted from the column in a step-wise manner (0.5



M, 0.8 M, 2.0M and 3.0 M NaCl ). Ten ml fractions of
bound material from each step were collected and
dialyzed against PBS.

Neufralization of VHP activity by monospecific anti-
human VEGF;¢ rabbit serum One ml of the 0.5 M NaCl
fraction from the heparin-affinity column was incubated
overnight at 4°C with anti-human VEGF s rabbit serum
(a generous gift from Dr. H.A. Weich, Geselshaft fiir
Biotechnologische Forschung, Germany) at different di-
lutions (1:10, 1:20 and 1:50 dilution).”® This antiserum
neutralized the VHP activity induced by the rhVEGF.
Fifty u} of this antiserum completely neutralized the
VHP activity of 50 ng of VEGF in the guinea pig model

'AIDS-KS cells (USC-22)

Fig. 1.

Vascular Endothelial Growth Factor in AIDS-XKS

described above (our unpublished observations). Each
fraction from the heparin-affinity column was first in-
cubated with rabbit anti-human VEGF antiserum over-
night at 4°C and the VEGF-anti-VEGF complex was
excluded by incubation with protein A Sepharose beads
(Bio-Rad) followed by centrifugation. The residual VHP
activity after immunoprecipitation of VEGF was ex-
amined by dye leakage assay using the guinea pig model
as described.

Immunohistechemical staining of VEGF AIDS-KS cells
and thin sections of K8 tissue (stomach) of a 59-year-old
Japanese male AIDS-KS case were stained with anti-
human VEGF rabbit serum (Santa Cruz Biotechnology

Control (HLF)

Immunostaining of fresh K§ tissue and AIDS-KS cells with rabbit polyclonal antibody to VEGF. A, Tissue sections

from fresh frozen AIDS-KS stomach lesion from a 59-year-old male case and control stomach tissue from a healthy individual
were incubated with 1:100 diluted anti-VEGF rabbit serum at 37°C for 45 min, then biotinylated anti-rabbit immuno-globulin
was added followed by incubation with peroxidase-comjugated streptavidin at 37°C for 45 min. Colorization was performed by
using a commercial kit (SABC system, Dako). Note that the spindle-shaped KS cells were stained with anti-VEGF, while no
positive cells were detected in control tissue. B, AIDS-KS (USC-22) and contrel human lung fibroblast (HLF) cells were
incubated with the same primary antibody and stained in the same way as in A.
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Inc., Santa Cruz, CA). Following pretreatment in meth-
anol with 0.3% hydrogen peroxide for 20 min to inacti-
vate endogenous peroxidase activity, the sections were
rinsed with PBS and preincubated with PBS with 1%
bovine serum albumin and 1% swine serum albumin.
Sections were incubated with anti VEGF rabbit serum as
the primary antibody or with normal rabbit serum (as a
negative control) at 37°C for 45 min in a moist chamber,
then reacted with biotinylated anti-rabbit immuno-
globulin followed by peroxidase-conjugated streptavidin
at 37°C for 45 min. Colorization was performed by using
a commercial kit (sABC system, Dako, Glostrup, Den-
mark).

RESULTS

Immunostaining of VEGF in AIDS-KS tissue and cul-
tured AIDS-KS cells Production of VEGF was exam-
ined in AIDS-KS cells and ATDS-KS tissue using immu-
nohistochemical staining with anti-VEGF antibody. Fig.
1 demonstrates that VEGF is synthesized in fresh AIDS-
KS tissue as well as in ATDS-KS (USC-22) cells, while
control tissue and contral (HLF) cells were negative for
VEGF production. Other ATDS-KS cells, KS-3 and KS-
10, were similarly stained with anti-VEGF antibody,
while other control cells, HUVEC and HSF, were nega-
tive (data not shown).
Induction of VHP in nude mice by inoculation of ATDS-
KS cells To examine if AIDS-KS cells produce a sub-
stance that induces edema, cultured AIDS-KS3 cells
were inoculated intraperitoneally into nude mice. After
various times of inoculation of AIDS-KS3 cells, VHP
was assessed by measuring the amount of Evans blue
exuded into the peritoneal cavity. Evans blue dye {1 mg
in 100 y1 of PBS per capita) was injected intravenously
15 min before collecting the peritoneal fluid. As demon-
strated in Fig. 2, a biphasic pattern of dye exudation was
observed only when ATDS-KS cells were inoculated: The
first VHP peak appeared at 15-30 min after cell inocula-
tion and the second VHP peak appeared at 12 h after cell
inoculation. On the other hand, HUVEC or HSF cells,
when inoculated into the peritoneal cavity in the same
way as AIDS-KS cells, did not produce the second phase
of VHP response. Furthermore, when glutaraldehyde-
fixed AIDS-KS cells were inoculated, the second VHP
response was not observed. It was thus suggested that a
substance(s) produced by live AIDS-KS cells was re-
sponsible for the edema associated with the K8 lesion,
Similarly, AIDS-KS3 cells were subcutaneocusly in-
oculated into nude mice. The local dye exudation was
observed after intravenous injection of Evans blue by
dissecting the dermal site of AIDS-KS cell inoculation.
As shown in Fig. 3, A and B, dye exudation was demon-
strated in the skin tissue surrounding the site of ATDS-
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Fig. 2. Kinetics of VHP response induced by intraperitoneal
inoculation of AIDS-KS and control cells in nude mice. Vari-
ous cells (2X10° were intraperitoneally injected into nude
mice. The VHP response was measured according to the proce-
dures described in “Materials and Methods” at 0 h, 0.25 h,
05h, 1 h,3h 6h, 12 h, 24 h, 48 h and 72 h after cell
inoculation. Experiments were repeated twice with at least 4
mice in each case. Note that the biphasic VHP response,
early (30 min) and late (12 h), was observed only in the case
of AIDS-KS cells. The standard deviation of the data (S8D)
was within the range of £15%. (@), AID5-KS3 cells; (W),
HUVYEC; (a), HSF;, (O), 0.00125% glutaraldehyde-fixed
ATDS-KS3 cells.

KS cell inoculation after 30 min (1st phase VHP re-
sponse) and 12 h (2nd phase VHP response). Spindle
cells obtained from fresh biopsy tissues of AIDS-KS
patients also elicited a biphasic response (data not
shown). To clarify this biphasic nature of the VHP
response induced by AIDS-KS cells, we examined the
effect of a histamine antagonist, triprolidine (Fig. 3, C
and D). Ten pg of triprolidine was injected subcutane-
ously at the site of AIDS-KS cell inoculation at the same
time as the cell inoculation. The Ist phase of VHP
response, as observed in terms of Evans blue exudation,
was blocked by triprolidine (Fig. 3C). However, the 2nd
phase of VHP response (12 h) was not blocked even by
repeated injections of triprolidine (three times at 8 h, 10
h, and 12 h) after inoculation (Fig. 3D). The 1st VHP
response evoked by inoculations of HUVEC, HSF, and
glutaraldehyde-fixed AIDS-KS cells could also be
blocked by triprolidine (data not shown).

Induction of VHP response in guinea pigs by inoculation
of conditioned medium from AIDS-KS cells We then
examined whether the cell culture supernatant of AIDS-
KS cells had a similar effect. The conditioned medium
from AIDS-KS83 cell culture, AIDS-KS-CMO or AIDS-
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Fig. 3. Effect of histamine antagonist on the early and late vascular permeability responses induced by AIDS-KS cells.
AIDS-KS3 cells (4 X 10%) were inoculated subcutaneously into the backs of nude mice, Early (30 min ) and late (12 h) vascular
permeability responses are shown in panels A and B, respectively. Experiments were performed twice, each with 4 mice, for
each data point. The effects of local administration of 10 g of triprolidine were examined (in panels C and D). The early-phase
response was completely inhibited by triprolidine treatment while the late-phase was resistant to repeated triprolidine treatment
at the initial time and again at 8 and 12 h after transplantation. Closed arrowheads indicate the site of transplantation of the
AIDS-KS cells. The open arrows indicate the area of dye exudation. A, dye exudation at 30 min after inoculation; B, dye
exudation at 12 h after inoculation; C, dye exudation at 30 min after inoculation (with single triprolidine treatment); D, dye
exudation at 12 h after inoculation (with triprolidine treatment 3 times).
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Fig. 4. Induction of VHP by concentrated AIDS-KS-CM in guinea pig skin. A, Two hundred z1 of the ATDS-KS10-CM was
injected intradermally into the back of guinea pigs at 0 min, 30 min, 1 h and 3 h after local administration of triprolidine (10
pg/rsite) (n=4). A representative picture is shown in A. Evans blue was intracardially administered 30 min after the inoculation
of samples. B, Animals were killed under anesthesia 30 min after the dye injection, and leaked dye in the skin was extracted
with formamide and measured spectrophotometrically as described.® Standard deviation bars are indicated.
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Fractionation of the VHP activity in AIDS-KS-CM on a heparin affinity column. The affinity-purified and 10-fold-

concentrated AIDS-KS10-CM was injected intradermally into the back of guinea pigs (200 ul each of flow-through (FT), 0.5
M, 0.8 M, 2.0 M or 3.0 M NaCl fraction, n =4). The amount of the injected sample corresponded to the culture supernatant of
2 10° AIDS-KS cells. Triprolidine was also administered locally (10 pug/site). Evans blue was intracardially administered at 30
min after sample injection. A, Dye exudation observed with each fraction. A representative result is demonstrated. B, Quantita-
tion of the amount of exuded dye extracted with formamide from each skin region of guinea pigs. The amount of Evans blue

dye was measured as described.* Error bars show SD.

KS-CM10 was concentrated 10-30 fold by passing it
through a filter (thus removing small molecular weight
substances of less than 10000 daltons) and inoculated
intradermally into guinea pigs. To preclude the involve-
ment of histamine, triprolidine was injected concomi-
tantly. As shown in Fig. 4, the VHP response was ob-
served after injection of the ATDS-KS cell supernatant.
The concentrated AIDS-KS-CM10 induced maximum
VHP at 1 h after injection. The effect tapered off after 3
h. The control conditioned medium from HUVEC and
HSF cells, prepared similarly to that of AIDS-KS cells,
did not show any YHP response (data not shown). Since
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this VHP response was observed in the presence of the
histamine antagonist, it was considered to be equivalent
to the triprolidine-resistant VHP response observed when
AIDS-KS cells were inoculated (Figs. 2 and 3), although
the AIDS-KS cell supernatant elicited VHP as early as 1
to 3 h after injection while AIDS-KS cell inoculation into
nude mice caused VHP at 12 h after injection.

Fractionation of the VHP-inducing activity in AIDS-KS-
CM on a heparin affinity column The concentrated
AIDS-KS-CM10 was fractionated by heparin-affinity
column chromatography and the VHP-inducing activity
of each fraction was examined with the guinea pig system



10+

7.5

Amount of Dye (1g)

1: 80

Control  1: 10 1. 20
Ditution of Anti-VEGF Ab

Fig. 6. Neutralization of the VHP-inducing activity in par-
tially purified AIDS-KS-CM by anti-VEGF165 antibody. The
0.5 M NaCl fraction (200 gl) from the heparin affinity
column with the VHP activity (Fig. 5) was preincubated with
preimmune serum or anti-VEGF serum, immunoprecipitated
with protein A and intradermally injected into guinea pigs.
The VHP activity was measured at 30 min after injection.
Exuded dye in the skin was extracted and measured as in
Figs. 4 and 5 (n=4). Error bars show SD. Control, treated
with preimmune rabbit serum and protein A. Amounts of
rabbit anti-VEGF neutralizing antibody are indicated in the
figure.

(Fig. 5). The exuded dye was extracted from the excised
skin lesion and was measured by spectrophotometry. As
diagramatically illustrated in Fig. 5A, the major VHP
response was induced by the injection of the 0.5 M
NaCl-eluate fraction. The flow-through fraction showed
some residual activity, which might be due to the actions
of IL-1 beta and IL-6, non-heparin binding factors. Con-
trol (PBS with BSA) and other heparin-binding fractions
(0.8 M, 2.0 M and 3.0 M NaCl eluate) did not induce
VHP response (Fig. 3A). Since basic fibroblast growth
factor (bFGF) and IL-8 are known to be produced by
AIDS-KS cells,'? we injected recombinant human
bFGF and IL-8 intradermally into guinea pigs (500 ng/
site). However, bFGF and IL-8 did not induce the hista-
mine-independent VHP response. Fig. 5B showed that
the heparin-purified fraction (0.5 M NaCl fraction of
AIDS-KS-CM10) induced the VHP response. The tem-
poral profile of the VHP response elicited by the 0.5 M
Na(l fraction of AIDS-KS-CM10 was examined. The
VHP response was induced within 10 min, reached its
peak at 30 min and then tapered off sharply (data not
shown), which was comparable with the result using the
crude sample (Fig. 4).

We then examined the effect of anti-VEGF antibody
on the YHP response elicited by the ATDS-KS-CMI10

Vascular Endothelial Growth Factor in AIDS-KS

fraction. The 0.5 M NaCl fraction from AIDS-KS-CM 10
was incubated with anti-human VEGF165 rabbit serum,
then the VEGF-anti-VEGF immune complex was re-
moved by immunoprecipitation and injected into guinea
pig skin. As shown in Fig. 6, anti-VEGF antibody neu-
tralized the VHP-inducing activity of AIDS-KS-CM10 in
a dose-dependent manner. In contrast, the pre-immune
rabbit serum did not inhibit the VHP-inducing activity.

DISCUSSION

The data presented here indicate that VEGF is pro-
duced by AIDS-KS cells and is responsible for VHP
induction in K8 lesions. Although multiple soluble fac-
tors are known to be produced by AIDS-KS cells,* 3% 40
this study clearly showed that VEGF has a primary role
in the VHP response associated with KS.

In an attempt to investigate the nature and possible
cause of the edematous lesions associated with KS, we
have developed ir vivo assay systems using nude mice and
guinea pigs. Our present study has revealed that AIDS-
KS cells, when transplanted intraperitoneally or subcuta-
neously, induced massive exudation of injected Evans
blue dye in nude mice. A typical biphasic pattern of the
VHP response was observed: the early histamine-de-
pendent response and the late histamine-independent re-
sponse. This character of AIDS-KS cells is intrinsic to
KS, since fresh KS tissues from patienis also induce
edema when transplanted into nude mice (our unpub-
lished observations). Similarly, when CM from AIDS-
KS cells was injected intradermally into the skin of
guinea pigs, the VHP response was observed in the
presence of triprolidine, a histamine antagonist. Upon
fractionation through a heparin-affinity column, the’
VHP-inducing activity was recovered in the 0.5 M NaCl
fraction. This activity was abolished by preincubation
with anti-VEGF antibody, suggesting that VEGF is pri-
marily responsible for the VHP response associated with
KS.

The histamine-independent VHP response induced by
AIDS-KS cell transplantation showed the peak effect at
12 h after transplantation in nude mice, while crude or
heparin-purified CM from AIDS-KS cells showed the
maximum VHP response 30 to 60 min post-inoculation in
nude mice and guinea pigs. This difference of the tempo-
ral profile may reflect the time lag during which KS cells
accumulated and secreted sufficient VEGF to induce
VHP, whereas CM enriched VEGF might have exerted
the VHP response without delay.

Induction of VHP response by VEGF (also known as
vascular permeability factor (VPF)) was initially demon-
strated with human glioblastoma by Ohnishi et al.*” They
showed that the VHP response was inhibited either by
lipoxygenase inhibitors or by glucocorticoid, but not by
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anti-histamines or cyclooxygenase inhibitors such as in-
domethacin. We also found that the VHP response in-
duced by KS cells was inhibited by high, non-physiolog-
ical doses of dexamethasone (10 mg/kg), but not by high
doses of indomethacin (data not shown). Therefore, a
common mechanism is involved in the edema associated
with KS and glioblastoma.

Among the cytokines known te be produced by AIDS-
KS cells, VEGF is of special interest in terms of K8
pathogenesis. VEGF is a member of the platelet-derived
growth factor (PDGF) family**» and is also produced
by a number of human and rodent tumor cell lines.*
Since VEGF is reported to promote the growth of vas-
cular endothelial cells, as well as to induce VHP in ani-
mal models,"™** it may have a general role in neo-
vascularization and edema induction, and thus may play
a central role in tumor progression and possibly also
tumor invasion and metastasis of malignant neoplasms.

Based on our present data we suggest that AIDS-KS
cells may mediate significant VHP via VEGF production.
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