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The Kaposi sarcoma-associated herpes virus-G protein-coupled receptor is a key molecule in the
pathogenesis of Kaposi sarcoma, playing a central role in promoting vascular endothelial growth
factor-driven angiogenesis and spindle cell proliferation. We studied the effects of 1�,25-dihy-
droxyvitamin D3 [1�,25(OH)2D3] and the analog TX527 on the proliferation of endothelial cells
(SVECs) and SVECs transformed by the viral G protein-coupled receptor (SVEC-vGPCR).
1�,25(OH)2D3 and TX527 decreased SVEC-vGPCR and SVEC numbers, the response being time
dependent and similar in both cell lines. Vitamin D receptor (VDR) levels increased on treatment
with 10 nM 1�,25(OH)2D3 or 1 nM TX527 in a time-dependent manner (1.5–24 h) in SVECs and
SVEC-vGPCR. Basal VDR levels were increased in SVEC-vGPCR. The antiproliferative effects were
accompanied by reduction in cyclin D1 and accumulation of p27 in SVECs but not SVEC-vGPCR.
Induction of VDR was blocked by transfection of short hairpin RNA against VDR in SVEC-vGPCR and
the antiproliferative effects of 1�,25(OH)2D3 and TX527 were decreased, involving the VDR
genomic pathway in the hormone and analog mechanism of action. In vivo experiments showed
that 1�,25(OH)2D3 and TX527 decreased SVEC-vGPCR tumor progression when the tumor cells
were implanted in nude mice. In conclusion, we have demonstrated that 1�,25(OH)2D3 and its
TX527 analog have antiproliferative effects on the growth of endothelial cells transformed by
the vGPCR in vitro and in vivo, the vitamin D receptor being part of the inhibitory mechanism
of action. (Endocrinology 151: 23–31, 2010)

1�,25-dihydroxyvitamin D3 [1�,25(OH)2D3] plays an
essential role in the regulation of calcium homeostasis,

cell proliferation, and differentiation and in the immune
system (1). More recently its ability to induce apoptosis,
inhibit angiogenesis, tumor invasion and metastasis, and
modulate cytokine production has been demonstrated (2).
Similarly as other steroid hormones, 1�,25(OH)2D3 elicits
responses through both nuclear receptor [vitamin D re-
ceptor (VDR)]-mediated gene transcription and a fast

mechanism independent of new RNA and protein syn-
thesis with activation of second-messenger pathways (3,
4). In most cell types, the antiproliferative effect of
1�,25(OH)2D3 results in an accumulation of cells in the
G0/G1 phase of the cell cycle. Different signaling pathways
are involved and converge at the level of complex forma-
tion between the retinoblastoma family of pocket pro-
teins, the electro-acoustic 2 factor (E2F) family of tran-
scription factors and the subsequent down-regulation of
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E2F-target genes that are required for normal cell cycle
progression. The pocket proteins p107 and p130 are cru-
cial to the antiproliferative activity of 1�,25(OH)2D3 (5).
Activation of cyclin-dependent kinase inhibitors p18, p19,
p21, or p27 and repression of cyclin D1 expression as well
as down-regulation of the activity of complexes between
cyclins and cyclin-dependent kinases have been suggested
to be early events, whether or not directly mediated by
1�,25(OH)2D3, that occur upstream of the E2F pathway
and may be responsible for the growth-inhibitory effect of
1�,25(OH)2D3. However, 1�,25(OH)2D3 may also in-
hibit cell growth by interfering with signaling pathways
initiated by TGF�, epithelial growth factor, IGF, prosta-
glandins, and Wnt-ligands as well as by intervening in
other mitogenic signaling pathways (6).

Kaposi sarcoma (KS) is a highly vascular tumor, and the
tumor cells display features of activated endothelial cells,
including high expression of several phenotypic markers
and various specific tyrosine kinases (7). It has been shown
that the tumor cells produce and respond to several fac-
tors, including IL-1, IL-6, IL-8, oncostatin-M, vascular
endothelial growth factor and basic fibroblast growth fac-
tor. Other studies suggest that the human herpes virus 8
(HHV8; also known as KS herpesvirus) would be involved
in KS development (8, 9). Furthermore, transgenic expres-
sion of viral G protein-coupled receptor (vGPCR), the
constitutively active chemokine receptor encoded by
HHV8, induced angiogenic lesions similar to those ob-
served in human KS lesions (10, 11).

The potential effect of 1�,25(OH)2D3 and its TX527
analog as therapeutic strategy for KS treatment has not
been fully established. It has been shown that KS responds
to 1�,25(OH)2D3, e.g. KS cell growth rate in culture and
tumor xenograft growth in nude mice are inhibited by the
hormone. A mechanism for the antineoplastic effect of
1�,25(OH)2D3 in SK that involves the inhibition of the
expression of IL-6 and IL-8 has been suggested (7). How-
ever, transient expression analysis revealed that the pro-
moter involved in down-regulation of IL-6 transcription
by 1�,25(OH)2D3 is devoid of the VDR response element
to which a heterodimer of the VDR and retinoid X recep-
tor binds to modulate expression of target genes (7).

Based on the antineoplastic activity reported for
1�,25(OH)2D3 in several tumor types and due to scarce
knowledge concerning the mechanisms involved therein,
the aim of this work was to study the effects of
1�,25(OH)2D3 and its less calcemic analog TX527 on
the proliferation of endothelial cells transformed by the
vGPCR in vitro and in vivo and to investigate whether the
VDR is involved in the mechanism of action of both
compounds.

FIG. 1. Effect of 1�,25(OH)2D3 and its analog TX527 on growth of
SVECs and SVEC-vGPCR cells. Both cells lines were seeded in 12-well
plates at 10,000 cells/well. After overnight growth, the cells were treated
with 10 nM 1�,25(OH)2D3 (1,25D) and 1 nM TX527 or vehicle isopropanol
(Ctrl, control) in DMEM 10% serum for 1–5 d. A and B, Cell counts were
performed in a Neubauer chamber at the day selected. The data from
each experiment are means � SD performed in triplicate. Significant
differences between control and treated conditions are indicated.
*, P � 0.05. C, Data were expressed as percentage of inhibition respect to
control and are representative of three independent experiments.
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Materials and Methods

Chemicals and reagents
1�,25(OH)2D3 and the 19-nor-14,20-bisepi-23-yne-

1,25(OH)2D3 analog (TX527), originally synthesized by M.
Vandewalle and P. De Clercq (University of Ghent, Ghent, Bel-
gium), were provided by Théramex (Monaco). Immobilon P
(polyvinylidene difluoride) membranes were from Sigma-
Aldrich (St. Louis, MO). The antibodies used were monoclonal
anti-VDR (Affinity Bioreagents, Golden, CO), anti-cyclin D1
(Neomarkers, Fremont, CA), anti-p27, antitubulin, and poly-
clonal anti-VDR as well as antirabbit, antimouse, and antirat
horseradish peroxidase-conjugated secondary antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA). For most applications,
1�,25(OH)2D3 was used at 10 nmol/liter because this concen-

tration consistently shows antiproliferative effects in
multiple assays in a variety of tumor cell types. For
in vivo experiments the compounds were diluted in
Arachis oil (Sigma-Aldrich). Other chemicals used
were of analytical grade.

Cell lines and transfections
Simian virus 40 immortalized murine endothelial

cells (SVECs) stably expressing vGPCR full-length
(pCEFLvGPCR) or empty vector (pCEFL) as a con-
trol were used. Stable overexpression of vGPCR pro-
motes tumor formation when these cells are injected
into immunosuppressed mice and induces angio-
genic lesions similar to those developed in KS (10).
Transfected cells were selected with 750 �g/ml G418
(Cellgro, Manassas, VA).

Infection with lentivirus particles
Stable SVEC-vGPCR endothelial cells targeted

with small hairpin RNA (shRNA) against mouse vi-
tamin D receptor (shmVDR) or control shRNA were
infected with lentiviral particles generated in
HEK293T cells following the manufacturer’s pro-
tocols. The plasmid to knock down the VDR was
PLKO.1, clone ID TRCN0000027101 (Open Bio-
systems, Huntsville, AL). The stable cell line was
selected with 2 �g/ml puromycin (Invivogen, San
Diego, CA) and the medium was freshly changed
every other day. VDR knockdown was monitored
by Western blot analysis and was achieved after five
passages.

Proliferation assays
Cells were seeded in 12-well plates, at 10,000

cells/well. After overnight growth, the cells were
treated with 1�,25(OH)2D3, TX527, or vehicle in
triplicate inDMEM-10%fetalbovineserumfor1–5d.
Medium and compounds were replaced every other
day. The cells were harvested and counted in a
Neubauer chamber at the day selected. Alterna-
tively, the cells were spun down and lysed for West-
ern blot analysis as indicated below.

SDS-PAGE and Western blot analysis
Whole-cell lysates from cultures treated with

1�,25(OH)2D3 or TX527 as indicated for each ex-
periment were prepared as previously described (12). Protein
content was determined by the Bradford method (13). Samples
were resolved by SDS-PAGE and transferred overnight to poly-
vinylidene difluoride membranes. Western blot analyses were
performed as reported before (12). Antibodies used include
monoclonal anti-VDR (1:1500), anti-cyclin D1 (1:500), and anti-
p27 (1:500) and antitubulin (1:1500) combined with antirabbit
(1:10,000), antimouse (1:5,000), or antirat (1:5,000) horserad-
ish peroxidase-conjugated secondary antibodies.

Tumor allografts in athymic (nu/nu) nude mice
and in vivo treatment

Animal studies were carried out according to the National
Institutes of Health animal care and user protocol. SVEC-

FIG. 2. 1�,25(OH)2D3 and TX527 induce the expression of VDR in SVECs and SVEC-
vGPCR cells. SVECs and SVEC-vGPCR were plated at 70% confluence and 24 h later
were treated with 10 nM 1�,25(OH)2D3 (1,25D) for 24 h (A), 10 nM 1�,25(OH)2D3

(1,25D), or 1 nM TX527 for 1.5–24 h (B) and 10�11 to 10�7 M 1�,25(OH)2D3

(1,25D), or TX527 for 24 h (C). Cell lysates were prepared and subjected to Western
blot analysis with anti-VDR and anti-tubulin as described in Materials and Methods.
A, SVEC: lanes 1 (Ctrl, control) and 2 (1�,25(OH)2D3); SVEC-vGPCR: lanes 3 (control)
and 4 [1�,25(OH)2D3]. The bands were quantified by densitometry and the ratios
between VDR and tubulin levels were taken into account for statistical analysis.
*, P � 0.05. The data shown are representative of five independent experiments.
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vGPCR cells were used to induce allografts in 6-wk-old athymic
(nu/nu) female’s nude mice as described elsewhere (10). Expo-
nentially growing cells were harvested, resuspended in DMEM,
and 1 � 106 viable cells injected sc in the right/left flank of the
mouse. The animals were monitored two times weekly for tumor
formation. Tumors were noticeable and reached a diameter of
approximately 4 mm after 20 d of cell injection. Tumor-bearing
animals were randomly grouped (n � 5) and treated with arachis
oil (group 1, control), 1�,25(OH)2D3 (5 �g/kg/d, group 2), and
TX527 (10 �g/kg/d, group 3) dissolved in equal volume of ara-
chis oil, administered by ip injection for 4 consecutive days. Tu-
mor volume and body weight were measured every other day
during the period of investigation (22 d). Tumor size was deter-
mined by measuring the length and width and tumor volume was
calculated with the formula, volume � (L � W2)/2. L and W
represent longest length and shortest width of the tumor. Results
were expressed as mean � SE. At the end of the study interval, the
animals were euthanized for tissue retrieval; the tumors were
weighed and fixed for immunohistochemical analysis.

In vivo calcemic activity of compounds
The calcemic effects of 1�,25(OH)2D3 and its TX527 analog

were monitored after completion of the in vivo experiments.
Serum calcium was measured using an ion selective electrode
method in the Department of Laboratory Medicine, National
Institutes of Health (Bethesda, MD).

Immunohistochemistry
For immunohistochemical staining, tissues were fixed in 4%

paraformaldehyde/1� PBS overnight, transferred to 70% etha-
nol/PBS, and embedded in paraffin. Sections were cleared in a
graded xylene/ethanol series. Antigens were retrieved and then
washed in PBS. To block endogenous peroxidase, the sections
were treated with 3% hydrogen peroxide/H2O2 for 10 min,
washed with PBS, and then incubated with anti-Ki67 prolifera-
tion marker antibody in DakoCytomation buffer diluent (Tec-
nolab, Buenos Aires, Argentina) for 1 h at room temperature.
Control sections were incubated with buffer diluent alone. After

three washes for 5 min with PBS, the sections where
incubated with Dako envision system peroxidase
(Tecnolab) 45 min at room temperature. The per-
oxidase activity was developed using 3–3 diamino-
benzidine as a substrate. Slides were counter-
stained with hematoxylin, dehydrated, and
mounted with Permount (Fisher Scientific, Fair
Lawn, NJ). Positive Ki67 nuclei were counted in ten
fields with a �40 objective by different observers.

Terminal deoxynucleotidyl transferase
(TdT)-mediated deoxyuridine
triphosphate nick end labeling assay

Paraffin sections were dewaxed by heating the
slides at 60 C followed by washing in xylene and
rehydration through a graded series of ethanol. The
slides were stored in 70% ethanol for 48 h at �20 C.
Before labeling, slides were washed twice with PBS
for 5 min at room temperature. Samples were pre-
incubated with 1� TdT buffer for 15 min and then
incubated with the TdT reaction mixture (0.05 mM

bromodeoxyuridine triphosphate, 0.3 U/�l TdT in
TdT buffer) at 37 C in a humidified atmosphere for

1 h. The reaction was stopped 15 min incubation with stop buffer
[300 mM NaCl, 30 mM sodium citrate (pH 7.4)] at room tem-
perature. Negative controls were prepared by omitting TdT.
5-Bromo-2�-deoxyuridine presence was determined with anti-5-
bromo-2�-deoxyuridine monoclonal antibody, following a stan-
dard immunocytochemical technique.

Statistical analysis
Data are shown as means � SD. Statistical differences between

mean serum calcium levels of experimental groups were calcu-
lated by the two-tailed t test. A P � 0.01 (**) and � 0.05 (*) was
considered highly statistically significant and statistically signif-
icant, respectively. Data from cell growth, tumor volumes, and
weights were first analyzed with one-way ANOVA for each day
of the experimental period. This analysis was followed by ap-
plication of the multiple comparison Bonferroni test to compare
means.

Results

1�,25(OH)2D3 and TX527 inhibit endothelial cell
growth in vitro

The growth-regulatory effects of VDR agonists on en-
dothelial cells were tested using the SVECs (pCEFL, con-
trol cells) and SVECs stably transfected with the viral re-
ceptor of herpes virus 8 (SVEC-vGPCR), a cellular model
of KS. After treatment of cultures with 1�,25(OH)2D3

or its synthetic analog TX527, cell numbers were mea-
sured using a microscope counting chamber. The re-
sults presented in Fig. 1, A and B, demonstrated that
1�,25(OH)2D3 inhibits the proliferation of both endothe-
lial cell lines in a time-dependent fashion, SVECs being
slightly more sensitive to the hormone than vGPCR cells
(Fig. 1C). TX527 also inhibited the growth of SVEC-

FIG. 3. Differential effects of 1�,25(OH)2D3on VDR, cyclin D1, and p27 in SVECs
and SVEC-vGPCR cells. Both endothelial cell lines were plated at 50% and 24 h later
were treated with 10 nM 1�,25(OH)2D3 or TX527 or vehicle for 24–72 h. Whole-cell
lysates were prepared and subjected to Western blot analysis with anti-VDR, anti-
cyclin D1, anti-p27, and anti-tubulin. A, SVEC cells. B, SVEC-vGPCR cells. Cyclin D1
and p27 bands were quantified by densitometry and the ratios between the proteins
and tubulin levels were taken into account for statistical analysis. *, P � 0.05. The
data shown are representative of three independent experiments. Ctrl, Control.
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vGPCR to the same extent as 1�,25(OH)2D3 but at
10-fold lower concentration (1 nM), showing a superago-
nist action. These results were confirmed by the 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium, inner salt assay (data
not shown).

Expression of VDR in SVECs and SVEC-vGPCR cells
Variations observed in the proliferation of endothelial

cells to 1�,25(OH)2D3 could be accounted for by differ-
ences in VDR expression (14). To investigate this possi-
bility, VDR levels were evaluated by Western blot analysis
in the SVEC and SVEC-vGPCR cell lines after treatment
with 10 nM 1�,25(OH)2D3 for 1.5–24 h. Although higher
basal VDR concentrations were detected in SVEC-vGPCR

than SVECs under control conditions, treat-
ment with 1�,25(OH)2D3 increased VDR pro-
tein expression in both cell lines (Fig. 2A) and
with a similar time profile (Fig. 2B). Compound
TX527 was also able to induce VDR protein
expression in SVEC-vGPCR cells at a 10-fold
lower concentration (Fig. 2B). A detailed dose-
response study treating the vGPCR transfected
endothelial cells with 10�11 to 10�7

M

1�,25(OH)2D3 and TX527 for 24 h confirmed
that at 10�11

M the hormone did not modify
VDR basal levels, whereas the analog increased
receptor concentration more than 10-fold (Fig.
2C). Of interest, it has been reported that al-
tered VDR binding to coactivators is one pos-
sible explanation for the superagonistic profile
of the 14-epi-analog TX527 on cell prolifera-
tion (15).

Differential expression of cell cycle
markers in response to 1�,25(OH)2D3

Differential antiproliferative effects of
1�,25(OH)2D3 on tumor-derived and matrigel
endothelial cells reflected in specific cell cycle
patterns have been reported (16). To test
whether this differential response was due to dif-
ferential expression of cell cycle markers, time-
response studies (24–72 h) using 1�,25(OH)2D3

were carried out in both endothelial cell lines
and VDR, cyclin D1, and p27 levels were an-
alyzed by Western blot. As observed before, the
hormone increased VDR levels in a time-de-
pendent manner up to 72 h treatment (Fig. 3, A
and B). In SVECs this response was accompa-
nied by a reduction in cyclin D1 protein levels
and an accumulation of p27 monitored by im-
munoblot analysis. Surprisingly, despite the
fact that VDR expression was induced as pre-

dicted, cyclin D1, and p27 remained unaffected by
1�,25(OH)2D3 or TX527 treatment in the endothelial vG-
PCR cells (Fig. 3B), suggesting that other pathways are
involved in the antiproliferative effects of 1�,25(OH)2D3

and TX527.

Targeted knockdown of VDR expression impairs
1�,25(OH)2D3-reduced cell proliferation

To determine whether 1�,25(OH)2D3 and its TX527
analog elicit their inhibitory growth effect through the
VDR, lentivirus particles carrying shmVDR sequence
were produced. First, the cells were infected with the len-
tiviral particles carrying control shRNA (vGPCR) and
shmVDR (vGPCR-shmVDR). VDR knockdown was
achieved after five passages monitored by Western blot

FIG. 4. Targeted VDR knockdown impairs the ability of 1�,25(OH)2D3 and its
analog TX527 to increase VDR levels and inhibit proliferation of SVEC-vGPCR cells.
A, Established SVEC-vGPCR cell lines carrying control shRNA (vGPCR) and shmVDR
(vGPCR-shmVDR) were plated at 70% confluence and 24 h later were treated with
vehicle (lane 1), 10 nM 1�,25(OH)2D3 (lane 2), or TX527 (lane 3) for 48 h. Western
blot analyses were performed for VDR, cyclin D1, p27, and tubulin. Duplicate blots
for vGPCR and vGPCR-shmVDR representative of four independent experiments are
shown. B, vGPCR and vGPCR-shmVDR cells were seeded at 10,000 cells/well. After
overnight growth, the cells were treated with 10 nM 1�,25(OH)2D3 or vehicle for
1–4 d. Cell numbers were determined in a Neubauer chamber each day as described
in Materials and Methods. The data were expressed as percentage of proliferation
respect to control and are representative of three independent experiments. C,
Whole-cell lysates from the preceding experiments were subjected to Western blot
analysis to monitor VDR expression. The equivalence of protein loading was tested
with antitubulin antibody. vGPCR, lane 1, control; lane 2, 1�,25(OH)2D3; vGPCR-
shmVDR, lane 3: control; lane 4, 1�,25(OH)2D3.
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analysis (Fig. 4A). To test whether 1�,25(OH)2D3 or
TX527 was still able to induce VDR protein expression in
stable VDR knockdown cells, control and knockdown
cells were treated with 10 nM 1�,25(OH)2D3 and TX527
for 48 h. As shown in Fig. 4A (lanes 2 and 3), both com-
pounds induced VDR expression in vGPCR cells, and this
response was suppressed by stable knockdown of VDR
(vGPCR-shmVDR cells). In agreement with the previous
results (Fig. 3), cell cycle markers cyclin D1 and p27 re-
mained unaltered in vGPCR and vGPCR-shmVDR cells
(Fig. 4, lanes 1–3). Again, 1�,25(OH)2D3 inhibited the
proliferation of vGPCR cells in a time-dependent manner
(Fig. 4B) with maximum effect after 4 d treatment (51%
respects to the control). Despite the fact that VDR knock-
down was stable during duration of the experiment, and
its expression was not detected by Western blot analysis
(Fig. 4C), a very small decrease in proliferation was observed
upon 1�,25(OH)2D3 treatment in VDR knockdown
vGPCR-shmVDR cells after 3 and 4 d of hormone exposure,
confirming that nearly all effects of 1�,25(OH)2D3 on cell
proliferation are VDR mediated.

1�,25(OH)2D3and analog TX527 inhibit endothelial
cell growth in vivo

To study whether 1�,25(OH)2D3 and TX527 also in-
hibit tumor progression in vivo, an experimental model
for KS previously developed in mice (10) was established.
Endothelial vGPCR cells were injected sc in the right/left
flank of female nude mice. After tumor formation, animals
were divided randomly into groups of five and they were
treated with both compounds and vehicle for 4 consecu-

tive d. 1�,25(OH)2D3 and TX527 were given the highest
tolerable dose (5 and 10 �g/kg�d, respectively) and tumor
development was followed during 22 d (Fig. 5A). Drug
toxicity, as assessed by animal weight loss, was minimal in
the 1�,25(OH)2D3- and TX527-treated groups (reduc-
tion � 10%) during the period of study (results not given).
As shown in Fig. 5A, both 1�,25(OH)2D3 and TX527
retarded tumor development compared with control an-
imals. Tumor regression in treated animals was observed
for 22 d after beginning of the treatment, inhibition of
tumor growth being sustained during the whole experi-
ment. No significant reduction of body weight was de-
tected during this study. In addition, no statistically sig-
nificant differences between the effects of 1�,25(OH)2D3

and TX527 on serum calcium levels were found. Nonethe-
less, the calcemic activity of TX527 compared with control
animals was significantly lower than 1�,25(OH)2D3 (P �

0.05 vs. P � 0.01, respectively) (Fig. 5B). At the end of the
study (26d), animalswere euthanizedand the tumorswere
removed and weighed. As shown in Fig. 5C, a highly sig-
nificant reduction in tumor weight was observed in
1�,25(OH)2D3 and TX527-treated animals compared
with the control group. To test whether tumor reduction
correlates with cell growth inhibitory response, immuno-
histochemical staining of tumors (control and treated)
with the proliferative marker Ki67 was performed (Fig. 6).
The average of total positive Ki67 nuclei counted by dif-
ferent observers in 10 fields of �40 objective was consid-
ered for statistical analysis. A statistically significant re-
duction in proliferation was observed in tumors treated

FIG. 5. In vivo antiproliferative effects of 1�,25(OH)2D3 and analog TX527. SVEC-vGPCR endothelial cells were used to establish allografts in
athymic nu/nu mice. A, Evolution of tumor volume during the times indicated after tumor bearing nude female animals were treated with arachis
oil as vehicle (f), 5 �g/kg�d 1�,25(OH)2D3 (1,25D) (‚), and 10 �g/kg/d TX527 (Œ) during 4 consecutive days. The data shown are the average of
tumor volume of 10 tumors/group � SE. The table shows the results of Bonferroni test for mean comparison. Same letters for experimental groups
indicate P � 0.05, whereas different letters indicate P � 0.05. B, Serum calcium measured at the end of the in vivo experiment as described in
Materials Methods. Values represent the average of five mice/group � SD. Significant differences between control and treated animals are
indicated. **, P � 0.01; *, P � 0.05. C, Tumors were dissected from SVEC-vGPCR endothelial cell allografts 26 d after treatment and their
weights compared. The data are the average � SD. Bonferroni test was used to determine the difference between 1�,25(OH)2D3/TX527 and
control [P (ANOVA) � 0.001646].
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with 1�,25(OH)2D3 (**, P � 0.01) and TX527 (*, P �
0.05) with respect to control, which is consistent with the
data obtained in in vitro proliferation studies. Because
1�,25(OH)2D3 has been shown to promote apoptosis in
various cell types, we explored whether the observed re-
duction in cell growth would be associated with apoptotic
events. Neither 1�,25(OH)2D3 nor TX527 analog was
able to induce DNA strand breaks in tissue sections as
investigated by TdT-mediated deoxyuridine triphosphate
nick end labeling (data not shown).

Discussion

The discovery of HHV8 as the viral etiologic agent of KS
has unveiled many potential therapeutic targets (17). Nu-
merous in vitro and in vivo studies have shown that
1�,25(OH)2D3 potently inhibits proliferation of a wide
range of cell types (18, 19). Preclinical data suggested that
1�,25(OH)2D3 (alone or in combination with other
agents) has potential applications in cancer prevention

and treatment (2). However, because of its cal-
cemic effects such as hypercalcemia, hypercal-
ciuria, and increased bone resorption, the use
of the hormone with therapeutic purposes is
limited (20). Several analogs have been synthe-
sized and evaluated, some of which display the
desired dissociation between beneficial anti-
proliferative and unwanted calcemic effects. A
number of these analogs are superagonistic and
have a severalfold stronger antiproliferative ac-
tion than the parent compound (15, 20, 21). The
biological activity of two novel 14-epi-analogs
TX522 [19-nor-14-epi-23-yne-1�,25(OH)2D3]
and TX527 [19-nor-14,20-bisepi-23-yne-
1,25(OH)2D3] has been tested, demonstrating
theirability to inhibit thegrowthofhumanbreast
cancer in animal models and in vitro by a mech-
anism that involves G1 arrest and modulation of
cyclin C and D1. According to these studies, ap-
optosis is not the major mechanism responsi-
ble for growth- inhibitory effects in MCF7
cells (15, 22). Based on the antineoplastic ac-
tivity reported for 1�,25(OH)2D3 and its
TX527analog, in thisworkwestudied theeffects
of both compounds on the proliferation of
SVEC-vGPCR.

Our results demonstrated that both steroids
have the ability to inhibit the growth of endo-
thelial cells in vitro and in vivo; however, the
less calcemic TX527 analog exerted its growth-
inhibitory effects at a 10-fold lower concentra-
tion than the hormone. Moreover, data were

obtained indicating that differential expression of the
VDR in SVEC and SVEC-vGPCR cells may account for
the differential reactivity of the cells to the compounds. In
addition, VDR was up-regulated when the cells were
treated with 1�,25(OH)2D3 and TX527. In this regard,
expression of the VDR has been found to differentially
increase in many cancer cells and tumors (23). Further-
more, supporting our data, VDR is expressed in other
endothelial cell lines and tumor cells, and its ability to
inhibit cell growth and angiogenesis has been observed in
vitro and in vivo in other tumor model systems (24–26).

Several mechanisms underlying the antineoplastic ac-
tivity of 1�,25(OH)2D3 have been proposed. Differences
between tumor models and experimental conditions used
in various studies may explain the lack of a unifying hy-
pothesis about the hormone mode of action. Discrepancy
between the effects of 1�,25(OH)2D3 may be dependent
on the cell type and microenvironment. We found that
1�,25(OH)2D3 inhibited the growth of SVECs inducing
G0/G1 arrest accompanied by a reduction in cyclin D1

FIG. 6. Immunohistochemical analysis of tumors. Immunohistochemical staining of
tumor sections was performed as described in Materials and Methods. A, D, and G,
Hematoxylin and eosin staining to show experimental KS and tumor morphology.
B, E, and H, Positive Ki67 nuclei counted in 10 fields of �40 objective by different
observers. C, F, and I, Control cells incubated with buffer alone. Bar graph
represents mean � SD. Student’s t test was used to determine the difference
between 1�,25(OH)2D3 (**, P � 0.01) and TX527 (*, P � 0.05) with respect to
control.
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levels and an accumulation of p27, but such events are not
observed SVECs transformed with vGPCR. Thus, stable
knockdown of the receptor indicated that, at least in part,
the antiproliferative actions of the hormone in SVEC-
vGPCR are mediated through the VDR without altering
cyclin D1 and p27 levels. In this regard, a novel mechanism
of autophagy has been recently published to explain the
inhibition of proliferation and death of human myeloid
leukemia cells by 1�,25(OH)2D3 (27). Other lines of ev-
idence have shown that the antiproliferative actions of
1�,25(OH)2D3 involved the activation of the VDR
through the MAPK pathways and activator protein-1/
p21waf1 up-regulation in human osteosarcoma cells (28)
and other cell types (29).

In addition to the classical genomic effects mediated by
the VDR, 1�,25(OH)2D3 regulates a number of intracel-
lular signaling pathways that ultimately affect cellular
growth, differentiation, and apoptosis and may cooperate
with the classical genomic pathway to transactivate the
VDR (2). On the other hand, it has been published that
endothelial cells transformed by vGPCR strongly activates
the nuclear factor-�B (NF-�B) pathway, and NF-�B acti-
vation is a hallmark of both human and experimental KS
(30). Of interest, among these alternatives, in vGPCR
cells, recent preliminary gene reporter assays indicate that
10 nM 1�,25(OH)2D3 down-regulates the expression of
NF-�B (12 and 48 h). Also, participation of ERK1/2 and
p38 MAPK was ruled out by the absence of changes in
their phosphorylation status (Gonzalez Pardo, V., A. R. de
Boland, and R. Boland, unpublished observations). More
detailed investigations are required to elucidate the mech-
anism involved in the antiproliferative action of the hor-
mone in SVECs and vGPCR endothelial cells.

Inconclusion,wehavedemonstrated that1�,25(OH)2D3

and its TX527 analog have antiproliferative effects on the
growth of endothelial cells transformed by the vGPCR
in vitro and in vivo, the VDR being part of the inhibitory
mechanism of action. In addition, the lack of superago-
nist activity of TX527 in vivo can be related to differ-
ences in its binding to Vitamin D binding protein com-
pared with the natural hormone (22).
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