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Combretastatin A4 disodium phosphate (CA4DP) was evaluated in a xenograft model of AIDS-KS. KS xenografts were highly vascular,
showing brisk mitotic activity, focal areas of necrosis, and intervening � brovascular septae. Neoplastic cells were large or spindle-shaped,
with vesicular nuclei and modest pleomorphism. Multiple junctions, microvillous-like projections, abortive lumina and rare Weibel Palade
bodies were revealed by electron microscopy. Treatment with CA4DP (100 mg:kg) resulted in rapid onset of vascular effects that within
4 h resulted in an almost complete vascular shutdown in these tumors. Histological evaluation showed morphological damage within a
few hours after treatment, followed by extensive necrosis which increased to º90% by 24 h. At this time, viable tumor cells were evident
only at the periphery of the tumor. These � ndings demonstrate not only the marked susceptibility of the KS model to CA4DP but also
its potential application in studies related to the pathogenesis and therapy of AIDS-KS.
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ORIGINAL ARTICLE

Kaposi’s Sarcoma (KS) is a multifocal neoplasm that was
previously reported to occur predominantly in older men,
typically of Mediterranean origin (1). The tumor was
relatively rare in the United States until the onset of the
AIDS epidemic. Thereafter, a great many cases have been
reported with neoplastic disease involving skin and other
structures, including viscera. Despite certain differences,
the classical KS and AIDS-associated tumors are consid-
ered to be different forms of the same disease. Histo-
pathology of KS reveals highly vascularized lesions with
abundant angiogenesis accompanied by abnormal blood
vessel development and leakage of blood (2). The predom-
inant cells in the tumor are the spindle-shaped cells, be-
lieved to be the tumor cells of KS. These cells express some
of the surface markers of activated endothelium but also
contain smooth-muscle actin, suggesting that the cell of
origin may be a primitive vascular cell (3). Growth factors
that support spindle-cell proliferation include interleukin
(IL)-1, IL-6, and tumor necrosis factor (TNF) (1). Proteins
that regulate neovascularization or angiogenesis such as

basic � broblast growth factor (bFGF), platelet-derived
growth factors, and vascular endothelial growth factor
(VEGF) also promote growth of spindle cells (4).

Given the tumor’s histopathology, a variety of new
treatment approaches, particularly those focused on in-
hibiting tumor angiogenesis, are being investigated. Angio-
genesis plays a crucial role in the pathogenesis and
progression of KS (5) and an antiangiogenesis approach
may provide a means of arresting the progression of KS.
The drug that was initially tested as an angiogenesis
inhibitor in patients was TNP-470. When administered
once weekly by intravenous infusion, this agent gave par-
tial responses in KS patients (6). More recently, there has
been some interest in exploring the clinical utility of
thalidomide as an anti-KS agent. This was based on
evidence that thalidomide could inhibit angiogenesis, block
tumor necrosis factor alpha (TNF-a), and inhibit intercel-
lular adhesion molecules and basement membrane forma-
tion (7). Preliminary results from two Phase II clinical
trials showed that there was activity of thalidomide in a
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subset of patients with KS (8, 9). Based on the encourag-
ing results observed with thalidomide and TNP-470, clini-
cal research into the antiangiogenic activities of these and
other agents, including interleukin-12 and angiostatin, con-
tinues (3, 7).

Another approach toward affecting the critical tumor
blood supply is the application of agents that speci� cally
damage existing tumor blood vessels (10, 11). The aim of
such a vascular targeting strategy is to cause a rapid and
catastrophic shutdown in the vascular function of the
tumor, leading to extensive secondary tumor cell death
(11, 12). Since large numbers of neoplastic cells are directly
supported by small numbers of endothelial cells, damaging
the tumor endothelium could have a marked impact on
tumor cell survival and growth (12). Several agents that
elicit irreversible vascular shutdown within solid tumors,
including � avenoids (13, 14) and tubulin-binding agents
(13, 15), have been identi� ed. One class of tubulin-binding
compounds, the combretastatins, inhibits microtubular ac-
tivity and interferes with cell growth and proliferation (16).
Of these, combretastatin A-4 disodium phosphate
(CA4DP) has been shown to possess selective activity
against proliferating endothelial cells (17), to inhibit en-
dothelial cell migration (18) and to lead to rapid vascular
shutdown in several preclinical tumor models (17, 19).

The goal of the present investigations was to examine
and characterize the antivascular effects of CA4DP in an
xenograft model of KS. While there are reports of cells
derived from Kaposi’s sarcoma being propagated in vitro
(20–22), the tumorigenic potential of these cell lines in
nude mice generally has been limited (20, 23). To carry out
the current studies, the KSY-1 cell line, established from a
patient with HIV-1 associated KS (24), which readily
induces tumors in athymic nude mice was used.

MATERIAL AND METHODS

Cell line

In our study we used the KSY-1 cell line as characterized
by Lunardi-Iskander et al. (24). This cell line was derived
from mononuclear cells from pleural effusion of an AIDS
patient with KS, following selective removal of
lymphocytes, monocytes:macrophages and � broblasts. The
cells had originally been cultured without exogenous
growth factors. In the current studies, cells were cultured
in RPMI-1640 growth medium supplemented with 10%
FBS, 1% Pen-Strep and 1% glutamine. KSY-1 cells were
seeded (5½105) and passed once a week on 75-cm2 Cell »

tissue � asks that provide a positively charged surface
(SARSTEDT).

Induction of tumors

KS xenografts were initiated by injecting the � anks of
6–8-week-old athymic NCR nu:nu mice (Frederick Labo-
ratories, Frederick, MD) with 1½106 KSY-1 cells and were

serially passed by subcutaneous transplantation of tumor
pieces. Macroscopic tumors were available for experiments
some 3–4 weeks later. Tumors were used at an average
size of 0.5–0.7 cm diameter.

Drug treatment

CA4DP (OXiGENE Inc., Lund, Sweden) was injected
intraperitoneally in a volume of 0.01 ml:g animal body
weight.

Hoechst-33342 studies

Hoechst-33342 (bisBenzimide, Sigma) solution was made
up in 0.9% sterile saline immediately before use. KS-bear-
ing mice were either untreated or treated with 100 mg:kg
CA4DP. Hoechst-33342 was then administered at 40 mg:
kg intravenously (volume 5 ml:kg) at various times after
CA4DP injection (25). One minute after Hoechst-33342
injection, the mice were killed, the tumors resected and
immediately immersed in liquid nitrogen for subsequent
frozen sectioning. For each tumor sample, 10 mm cryostat
sections were cut at three different levels between one pole
and the equatorial plane. The sections were air dried and
then studied under UV illumination using a � uorescent
microscope. Blood vessel outlines were identi� ed by the
surrounding halo of � uorescent H33342-labeled cells. Ves-
sel counts were performed using a Chalkley point array for
random sample analysis (26). Brie� y, each section was
viewed at ½10 objective magni� cation. A 25-point Chalk-
ley grid was positioned randomly over the � eld of view.
Any points falling within haloes of � uorescent cells were
scored as positive. Twenty random � elds were counted per
section and a minimum of 6 sections per tumor was
examined.

Morphologic and morphometric analyses

The tumor was dissected from the � ank and adjacent
connective tissue was removed. The tumor was then seri-
ally sectioned at 1 mm intervals and representative sections
were submitted for routine histology after � xation in 10%
neutral buffered formalin. Sections were routinely dehy-
drated though a series of graded alcohols, processed in
xylene and embedded in paraf� n. Five-mm sections derived
from these paraf� n blocks were routinely stained with
hematoxylin and eosin (H&E), as well as Masson’s
trichrome stain. Tumor necrosis was assessed on stained
sections using the Image Pro Plus image analysis system
(Media cybernetics, Maryland). The tumor was divided
into 4–8 grids using a � ne permanent marker. Areas of
necrosis within each grid were manually traced (as irregu-
lar areas of interest) and the percentage of necrosis deter-
mined on the Image Pro Plus system. All grid
measurements were combined and the percentage of necro-
sis relative to the total area of the tumor was calculated.
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Immunoperoxidase reactions

Tissue sections cut at 5 mm were applied to ‘Plus’ slides
(Fisher Scienti� c), deparaf� nized in xylene and hydrated
through graded alcohols. Endogenous peroxidase was
quenched using 3% H2O2. Antigen retrieval was enhanced
for certain antibodies, by microwaving sections in citrate
buffer. Following several rinses in phosphate-buffered saline
(PBS, pH 7.4, 0.3% Triton X-100), the slides were incubated
for 20 min in 5% normal goat serum to suppress non-speci� c
binding of IgG. Optimal primary antibody concentration in
PBS containing 0.5% BSA and 0.1% sodium azide was
determined and sections were incubated for 2 h. After four
PBS rinses, the slides were incubated for 15 min in a
biotinylated secondary antibody (Vector Laboratories, Inc.,
Burlingame, CA), rinsed again and incubated in a strep-
tavidin-complex reagent containing horseradish peroxidase
(Zymed Laboratories, Inc., South San Francisco, CA). The
slides were rinsed and incubated with the chromogen DAB
(3,3Æ-diaminobenzidine), counterstained with hematoxylin,
dehydrated through alcohols and xylene and cover-slipped
with a synthetic permanent mounting medium. Antibodies
used for immunoreaction of the sections are listed in the
Table 1.

Electron microscopy

Sample sections of the tumor were submitted for electron
microscopy in 2.5% phosphate-buffered glutaraldehyde.
After � xation, the sections were osmicated in 0.1% osmium
tetroxide in the above buffer, and embedded in LX-112
resin. Sections measuring 1 mm, stained with toluidine blue,
were examined for presence of tumor. Ultra-thin sections
were cut on a Reichert Ultracut E. The sections were placed
on copper grids, double stained with uranyl acetate and lead
citrate, and examined using a Phillips CM 10 electron
microscope.

RESULTS

KSY-1 cells injected into the � anks of nude mice produced
detectable tumors within 3–4 weeks. Once established, the
tumors grew as solid masses, with a volume doubling time
of 4–6 days. Animals were killed when the tumors reached
1.5 g in size. No metastases were noted, possibly because the
observation period was short (previously it was reported
that this tumor model could develop metastases after 45
days (24)). On gross examination the tumors in nude mice
were vascular and appeared hyperemic.

Histologic sections of untreated KS xenografts revealed
a solid, vasoformative neoplasm with intervening � brovas-
cular septae along with scattered in� ammatory cells (Fig.
1a). The neoplastic cells were large epithelioid or spindle-
shaped, with vesicular nuclei and modest pleomorphisms.
The tumor was a highly vascular, actively proliferating
neoplasm with brisk mitotic activity. Areas of the tumor had
slit-like spaces, characteristic of endothelial-derived tumors,
with scattered red blood cells, while in other areas tumor
cells appear to be forming abortive lumina (Fig. 1b).
Immunohistochemical analysis showed the xenografts to
lack immunoreactivity for anti-factor VIII-related antigen
antibody and only scattered, focal staining with CD34.
CD31 immunoreactivity was seen as its characteristic mem-
branous pro� le on the surfaces of blood vessels and focally
within the tumor (Fig. 1c). In addition, the tumors were
negative for smooth muscle markers (desmin, actin) and
histiocyte marker (CD68). Electron microscopy (Fig. 1d)
showed the tumor cells to be large, oval to spindle-shaped
with round to irregular nuclei and prominent nucleoli. There
were multiple areas where the tumor cells had microvilli that
appear to be projecting into an abortive lumen. Many cells
displayed tight junctions, although they differed in appear-
ance from typical desmosomes. No virus particles were
detected in the sections examined. Rod-shaped, microtubu-
lated Weible-Palade bodies were rarely seen.

Following treatment with CA4DP (100 mg:kg), KS xeno-
grafts began to show morphological evidence of damage in
tumor cells within a few hours. Twenty-four hours after
CA4DP treatment, extensive necrosis could be seen with
viable tumor cells detectable only at the periphery of the
tumor adjacent to the surrounding normal tissues (compare
Fig. 2a and b). At higher magni� cation, tissue destruction
and nuclear fragmentation is readily evident in the entire
central portion of the tumors, extending to within a few cell
layers of the peripheral margin of the tumor (compare Fig.
2c and d).

To quantify the extent of necrosis produced by CA4DP
treatment, sections from KS xenografts removed 24 h after
treatment were assessed using an image analysis system (Fig.
3). The results showed that compared to the º10% necrosis
seen in untreated tumors, treatment with 50 or 100 mg:kg
CA4DP increased the extent of necrosis to º60 and º90%,
respectively.

Table 1

Antibodies used in immunohistochemistry evaluation of Kaposi’s
sarcoma (KS) xenografts

Marker Antibody detail Manufacturer

DAKOMonoclonal, mouseCD31 (PECAM-1)
anti-human,
endothelial cell

ImmunotechMonoclonal, mouseCD34 (QBEND10)
anti-human,
endothelial cell
Rabbit, anti-human DAKOFactor VIIIra (vWf)
Factor VIII related
antigen

VentanaMuscle actin Monoclonal, mouse
anti-human
myocitic cells
Monoclonal, mouse VentanaDesmin
anti-human
myocitic cells

DAKOCD68 (KP1) Monoclonal, mouse
anti-human
macrophage
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Fig. 1. (a) and (b): H&E stained, untreated Kaposi’s sarcoma (KS) xenograft, original magni� cation ½40 (a) and ½200 (b). A solid,
neoplasm with intervening � brovascular septae can be seen in this section. Many small vessels and slit-like spaces are also visible, some
containing red blood cells. The tumor cells are large, often epithelioid or spindle-shaped, and have prominent nuclei and nucleoli. (c):
Untreated KS xenograft, original magni� cation ½20. Blood vessels and tumor cells show surface membrane immunoreaction with
anti-CD31 (PECAM-1) antibody. (d): Untreated KS xenograft, electron micrograph, original magni� cation ½12000. Ultrastructurally,
the neoplasms were large, oval to spindle-shaped with round to irregular nuclei and prominent nucleoli. Although well-de� ned vascular
lumina containing red blood cells were present (lower left), there were multiple areas where the tumor cells had microvilli that appear to
be projecting into an abortive lumen (upper right). Endothelial cells with tubuloreticulated rod-shaped bodies suggestive of Weibel-Palade
bodies were rarely seen (not illustrated). Junctions were present between cells, although they differed in appearance from typical
desmosomes.
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Fig. 2. (a) and (c): Untreated Kaposi’s sarcoma (KS) xenograft, original magni� cation ½40 (a) and ½400 (c). Solid neoplasm with small
area of surrounding normal mouse adipose, skeletal, connective tissue and blood vessels. At higher magni� cation (2c) the tumor also
reveals scattered individual necrotic cells and details of the edge of the tumor and normal surrounding tissue. (b) and (d): CA4DP treated
KS xenograft, original magni� cation ½40 (b) and ½400 (d). Following treatment with CA4DP (100 mg:kg), large areas of necrosis,
involving a major portion of the tumor can be seen in this illustration. Only a small rim (3–5 cells wide) of viable tumor tissue is
identi� able immediately below the normal host tissue. At higher magni� cation, tissue destruction and nuclear fragmentation is readily
evident.
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Fig. 3. The extent of necrosis in Kaposi’s sarcoma (KS) xeno-
grafts assessed 24 h after the administration of a 50 or 100 mg:kg
dose of CA4DP. The data are the means 9SE of 3–5 tumors.

Fig. 5. Vessel counts in Kaposi’s sarcoma (KS) xenografts as a
function of time after treatment with a 100 mg:kg dose of
CA4DP. At a given time after CA4DP treatment, mice were
injected with Hoechst 33342 (40 mg:kg) to identify patent vessels,
and tumors were removed 1 min later. Counting was performed
using a Chalkley point array for random sample analysis. Data
are the means 9SE of 5 tumors.

The extensive histological changes seen in KS xenografts
following CA4DP treatment were most likely the conse-
quence of a rapid and extensive shutdown in vascular
function typically associated with the in vivo action of this
agent (17, 19, 27). To examine this in detail, functional
vascular volume measurements based on the use of the
perivascular stain Hoechst 33342 were carried out. The
results showed that a single dose of 100 mg:kg CA4DP
caused an almost complete vascular shutdown in KS xeno-
grafts within 4 h of treatment (Fig. 4). Compared to the
abundant vasculature in control tumors, KS xenografts in
mice treated with CA4DP showed functional vessels essen-
tially only near the periphery of the tumors. This vascular

damaging effect of CA4DP occurred rapidly and could be
detected in KS xenografts within 30 min of drug treat-
ment. Indeed, when functional vessels were counted (Fig.
5), most were found to be shut down 2 h after CA4DP
exposure.

DISCUSSION

Treatment for AIDS-KS has been relatively ineffective and
despite some recent advances in the management of this

Fig. 4. Patent blood vessels, identi� ed by the surrounding � uorescent tumor cells in Kaposi’s sarcoma (KS) xenografts removed 1 min
after an iv injection of 40 mg:kg Hoechst 33342. Tumors were from untreated mice (a) or from mice that had received a 100 mg:kg dose
of CA4DP 30 min (b), 2 h (c) or 4 h (d) earlier. Magni� cation ½32.
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disease, continued pursuit of more effective therapies is
needed. The disorder has considerable morbidity and its
lack of satisfactory responses to traditional therapeutic
interventions makes it an excellent candidate for new
therapeutic strategies such as a vascular targeted ap-
proach. The availability of a reliable and reproducible
animal model of Kaposi’s sarcoma would greatly facilitate
preclinical therapeutic investigations. Although many cell
lines have been cultured from individuals with HIV infec-
tion, the ability of these cells to induce tumors in nude
mice has been limited. However, KSY-1 cells do not
appear to suffer this shortcoming. This cell line, which was
originally derived from a patient with AIDS (24), pro-
duced tumors with morphologic, immunohistochemical,
and ultra-structural features (Figs. 1 and 2) that bear a
strong similarity to biopsy-derived material from the tu-
mors of AIDS patients. Similarly, although the etiology
and pathogenesis of Kaposi’s sarcoma remain elusive, and
its cell of origin remains controversial, it is generally
believed that endothelial-derived cells are the most likely
candidates (3). Again, the histologic appearance of en-
dothelial characteristics including slit-like spaces, abortive
lumina, and the general endothelial nature of the cells in
the KS xenografts (Figs. 1 and 2) supports the accuracy of
this model.

Given the tumor’s fundamental characteristics, it is logi-
cal that therapies targeting the angiogenic process should
be considered for the management of this disease. Indeed
clinical trials utilizing two such agents (TNP 470 and
thalidomide) are currently ongoing (6, 8, 9). Recently, lead
compounds based on a strategy that aims to cause direct
damage to the tumor endothelium resulting in rapid and
catastrophic shutdown in the vascular function of the
tumor and leading to extensive secondary tumor cell death
(11) also have entered clinical trials. One of these, CA4DP,
has shown preferential cytotoxicity to dividing endothelial
cells in vitro as well as reductions in blood � ow and
induction of necrosis in a variety of preclinical tumor
models (17). These vascular effects of CA4DP were
achieved with a large therapeutic window (17, 19, 27).
Perhaps most importantly, Phase I observations have
demonstrated that CA4DP doses that lead to reductions in
tumor blood � ow can readily be reached in patients (28).

The present investigations demonstrate that the patho-
physiological effects of CA4DP observed in KS xenografts
were similar to those previously reported by our labora-
tory in the rodent KHT sarcoma model (27). CA4DP
treatment resulted in a rapid induction of vascular damage
in these tumors such that within 4 h of treatment vascular
shutdown was almost complete (Figs. 4 and 5). This was
followed by extensive secondary tumor cell death caused
by ischemia (Figs. 2 and 3). Histological assessments
showed extensive hemorrhagic necrosis 24 h after CA4DP
was administered systemically to KS tumor-bearing mice,
with only a small rim of viable tumor cells surviving near

the periphery of the tumor (Fig. 2). These tumor cells
probably survived because they were close to the sur-
rounding normal tissues where they were supplied with
nutrients from the normal tissue vasculature that was not
affected by the action of CA4DP. This notion along with
the high level of necrosis (º90%, Fig. 3) induced by a 100
mg:kg dose of CA4DP, also would argue that higher single
dose CA4DP exposures would have little additional effect
on KS xenografts, a conclusion borne out by subsequent
analyses of clonogenic cell survival and tumor growth
delay (29). Thus despite the signi� cant antivascular effects
and extensive cell death and necrosis caused by a dose of
CA4DP equivalent to B1:10, the maximum tolerated
dose, it is clear that alternative approaches need to be
considered to eliminate the tumor cells which survive
because of their location near normal blood vessels. In
order to maximize the utility of this antivascular agent,
CA4DP treatment ought to be applied either as multiple
repeat exposures administered at times when the surviving
tumor tissue attempts to re-establish a tumor vessel net-
work or in an adjuvant setting with conventional anti-
cancer therapies such as radiotherapy or chemotherapy
targeted to the surviving tumor cells (30).

In conclusion, KS xenografts initiated from KSY-1 cells
display characteristics of endothelial cell origin and bear
close pathologic resemblance to reported biopsy-derived
Kaposi’s sarcoma pathology. The model’s similar biologi-
cal, morphological and immunophenotype may thus prove
to be a valuable adjunct for studies related to pathogenesis
and therapy of AIDS-KS. In particular, in a preclinical
setting, this model appears to be well suited to providing
an excellent opportunity to evaluate therapeutic investiga-
tions based on antivascular or antiangiogenic principles.
Furthermore, the signi� cant response of KS xenografts to
the antivascular targeting agent CA4DP suggests that seri-
ous consideration should be given to evaluation of this
agent in patients with AIDS-KS in future Phase II clinical
trials.
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