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Antiangiogenic effect of alpha-anordrin in vitro and in vive'!
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ABSTRACT

AIM: To study the antiangiogenic effect of «-anordrin
{o-Ano), a panial. anlagonist of estrogen receptor.

METHODS: The in vivo iohibitory effect of o-Ano on
angiogenesis was determined by microvascular density
{MVD) in tumors and the chicken chorioallantoic mem-
brane (CAM) model. The in vitro effects of a-Ano on
proliferation, migration, and attachrment of human umbil-
ical vein endothelial cells (HUVEC) were assessed by
trypan blue exclusion, wound-induced two-dimensional
migration model, and their ability to adhere to type |

collagen, respectively. The possible involvement of ni-
tric oxide {NQ) in «-Ano antiangiogenic effect was deter-
mined by measuring NO content using fluorescent assay.
RESULTS: o-Ano significantly inhibited the MVD in
Lewis lung carcinoma model and this effect was correlated
with its inhibition of the tumor growth. «-Ano also
showed an inhibitory effect on the angiogenesis of CAM
with the inhibitory rate of 53 % and such action of o-Ano
could not be blocked by simultaneous administration of
17f-estrodiol . a typical agonist of estrogen receptor.  Jn
vitro studies showed that o- ANO obviously suppressed the
proliferation and migration of HUVEC, but had no obvi-
ous effect on the attachment of HUVEC to the type I col-
lagen. Moreover, o-Ano significantly reduced the level
of NO released by HUVEC in a dose- and time-dependent
manner. CONCLUSION: o-Ano possesses an antian-
giogenic effect, and this effect is mediated, at least in
part, by reducing the NO content and subsequently in-
hibiting the proliferation and migration of endothelial
cells,
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INTRODUCTION

Angiogenesis, the formation of new blood vessels
from pre-existing vessels, is mecessary for both growth
and metastasis of solid tumors' ~* . Thus inhibition of
angiogenesis becomes a promising therapeutic approach
for the control of tumor growth, progression, and metas-
tasis'¥).  Anordrin, usually containing alpha- and beta-i-
somers, is a contraceplive drug developed in China'®
which possesses partial antiestrogenic property'®’ .  Previ-
ous studies in our laboratory demonstrated that the alpha
isomer of anordrin had potent antitumor activity!™.
However, its antitumor mechanism is still unclear. The
present study was undertaken to investigate the antiangio-
genic activity of a~Ano.
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MATERIALS AND METHODS

Reagents Ano was purchased from Shanghai 19th
Phanmaceutical Factory and its alpha isomer was isolated
by low pressure column chromatography in our institute.
Anti-human von Willebrand factor antibody was pur-
chased from Daka Co. Medium 199 was obtained from
Gibco/BRL. All-trans retinoic acid {ATRA), 17B-es-
wodiol and 2, 3-diaminonaphthalene were purchased from
Sigma Co, Fertilised chicken eggs were from Shanghai
Qibao Farm. All the other reagents were of analytical
grade.
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Tumor transplantation and drug administra-
tion Female C57 BL/6 mice (weighing 20 g+ 2 g)
were supplied by Shanghai Experimental Animal Centre,
Chinese Academy of Sciences {Grade T}, Certificate No
005). Lewis lung carcinoma was maintzined by serial
transplantation into C57 BL/6 mice in our laboratory.
Tumor cell suspensions (10° to 10"/L} were prepared by
gently suspending 5 g of tumor tissue in 20 mL 0.85 %
NaCl solution (pH 7.4) and 0.2 mL of this cell suspen-
sion was sc injected into each mouse. Mice were ran-
domly divided into three groups (n = 10). ¢-Ano was
po administered the day after tumor transplantation with
the dosage as shown in Tab 1 once a day. On d 11,
mice were killed and the tumors were removed. and tu-
mor wet weight was immediately weighed. Then the tu-
mors were finely minced and fixed in 4 % buffered for-
malin for further immunohistochemical examination .

Immunchistochemistry examination and mi-
crovascular density { MVD) quantification Two
samples were taken from each animal for tmmunohisto-
chemistry examination. Five pm sections of tumors that
had been formalin-fixed and paraffin-embedded were de-
parafiinized, followed by hydration through graded
ethanol series, and soaking in Tris-buffered saline { TBS,
0.05 mol/L Tris-HCI containing 0.15 mol/L NaCl, pH
7.4). The endogenous peroxidase activity was blocked
by treating with methanol containing 0.3 % Ho(O» at room
temperature for 20 min. Non-specific reactions were
blocked by incubating with the nommal horse serum.  The
section samples were then incubated with rabbit anti-hu-
man von Willebrand factor antibody (1:400) at 4 °C for
18 h. After a thorough wash with TBS, sections were
incubated with biotinylated secondary antibody for 45 min
followed by a 45-min incubation with avidin-biotin-perox-
idase complex at 37 T with thorough TBS washes be-
tween steps.  The antigen-antibody complex was visual-
ized with 3,3’-diamincbenzidine/H,O,. The sections
were counterstained with methyl green, dehydrmated,
cleared, and mounted.

MVD of tmors was determined by the method of
Maeda ef a! with minor modificationst® ,  Sections were
examined under low power microscope to identify the re-
gion of highest vessel density ( the so-cailed hot spot).
Two hot spots in each section were chosen and the vessels
in 200 x field were counted in each hot spot. Large ves-
sels with thick muscular walls or lumina greater than the
sum of approximately eight red blood cells were not in-
cluded. Single cell or cell clusters were ocounted.
Counts were expressed as average number of micro ves-

sels per x 200 field.

Chicken chorioallantoic membrane (CAM)
assay'® The chicken eggs were placed in a humidified
CO, incubator {3 % COy/air) at 37 T. On d 4 of de-
velopment, methylcellulose disks (10 gL of 0.45 %
methylcellulose containing 2 % dimethyl sulfoxide and
the testing compounds was air dried on a metal tray) were
placed on the chorioallantoic membrane. The zone
around the disks was examined 48 h after disk placement,
Angiosuppression was indicated by an avascular zone of
=3 mm diameter around the disk. The results were ex-
pressed as the percentage of eggs showing inhibition of
angiogenesis .

Human umbilical vein endothelial cells
(HUVEC) culture HUVEC were isolated from fresh
umbilical cords'™® and cultured in Medium 199 containing
20 % heat-inactivated calf serum, benzylpenicillin 100
ku/L, streptomycin 100 mg/L., heparin 90 ku/'L, glu-
tamine 2 mmol- L ™! and endothelial cell growth factor ex-
tracts 500 p:g/L (prepared from bovine brain according to
the method of Maciag er al''). At confluence,
>95 % of the cells were endothelial cells detenmined by
their distinctive morphology and the presence of von
Willebrand factor on the cell surface. HUVEC from se-
rial passage 2 were used in the following assays.

Cell proliferation assays Exponentially growing
HUVEC (2 x 1071 ™1} were exposed to a-Ano 15— 135
pmol/L for 2 ~7 d.  Cell number was determined by
trypan blue exclusion method.

Cell adhesion assay''?’ Twenty-four-well plates
were coated with 5 g type 1 collagen(rat tail collagen)
and dried at room temperature overnight. HUVEC 5 x
10* which were either nonpretreated or pretreated for 48 h
with 15 or 45 pmol/L o-Ano were seeded in each well.
Then o-Ano was added to each well at corresponding con-
centration.  After 2-h incubation in 5 % CO, a1 37 T,
the culture medium was removed. The plates were
washed with PBS, and the washings were combined with
the medium removed. The cells in the mixture were
counted to determine the number of unattached cells,
The washed plates were trypsinized and the number of at-
tached cells was determined. The results were expressed
as the percentage of attached cells.

Cell migration assay'™ The effect of o-Ane on
the HUVEC migration activity was examined on the
wound-induced two-dimensional migration model. Con-
fluent monoclayers of HUVEC were wounded with the
sterile tip of a pipette, then washed twice. The culture
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medium containing o-Ane was added. After 18-h cul-
ture, the total number of cells which had crossed the orig-
inal wound edge in marked field was counted under phase
contrast microscope. Results were expressed as the per-
centage of cells crossing the wound edge in treated groups
in comparison with that in the control group.

Nitric oxide (NO) level measurement NO
level of the HUVEC culture medium was indirectly deter-
mined by quantifying the nitrite content by the method of
Misko er /'™, One millilitre of HUVEC culture medi-
um was mixed with 100 pL freshly prepared 2,3-di-
aminonaphthalene (0.05 g/L in 0.62 mol/L HCl). Af-
ter a 10-min incubation at room temperature, the reaction
was terminated with 50 gL of 2.8 mol/L NaOH. The
content of the fluorescent product 2,3-diaminonaph-
thotriazole was determined with a fluorescence spec-
trophotometer with excitation wave at 365 nm and emis-
sion wave at 450 nm. The standard curve was made with
sodium nitrite.  The cell number was determined by try-
pan blue exclusion method. Results were represented by
the nitrite content per 10° vital cells.

Statistics Data were expressed as 1 + 5 and com-
pared with 7 test or Mamn-Whitney test.

RESULTS

Effects of o-Ano on MVD in Lewis lung car-
cinoma samples MVD in tumors is a convincing indi-
cation for evaluating the antiangiogenic effect of drugs
and Lewis lung carcinoma model in mice is a frequently
used for this purpose. After treatment with a-Ano 20
mg/kg, the MVD in drug-treated tumor samples was sig-
nificantly reduced, and the inhibitory rate reached 55.4
% which was comparable with the inhibitory rate of 61.1
% on tumor grewth by the same dosage treatment (Tab
1), The results suggest that inhibition of angiogenesis
might be an impontant mechanism for o-Ano inducing in-
hibition of tumor growth,

Tab 1. Effects of e-Ano on microvascular density {MVD}
{ n =40) and growth of Lewis lung carcinoma in mice ( n =

10). ®ts. P<0.05, P<0.01 vs control.

Dases MVD Tumor Growth
mg-kg ! inhibition/%  weight/g  inhibition/ %
Control 56+19 - 2.2+0.8 -

10 36% 12 35.7° 1.3x0.6 42.3°

20 25+13 55.4° 0.9x+0.3 61.1°

Effect of a-Ano on angiogenesis in CAM
model Inhibidon of angiogenesis by a-Ano was further
confirmed in CAM model. A marked inhibition of an-
giogenesis in CAM was observed after o-Ano treatment
for 48 h. Interestingly, this effect of o-Ano on angio-
genesis could not be blocked by 178-estrodiol, a typical
agonist of estrogen receptor, although previous research
indicates that o-Ano displays antiestrogenic activity, sug-
gesting that a-Ano inhibition of angiogenesis is not medi-
ated via estrogen receptor. 178-Estrodiol alone had no
obvious inhibition on angiogenesis at the dosages of 50
pg/disk and 100 pg/disk (Tab 2).

Tab 2. Inhibitory effects of «-Ano on the angiogenesis of

chicken chorioallantoic membrane.
Drugs/ g Number of Enhibition
per disk epps” /total ale/ %
Control 1720 -
a-Ano
25 3/15 20
50 5/14 36
100 815 53
L7B-estrodiol
50 1712 8
100 1711 9
200 014 0
a-Ano + 17(3-estrodiol
S0+ 50 410 40
50+ 100 5/15 33
100+ 200 %16 56

*Number of positive eggs.

Effect of a-Ano on proliferation, migration,
and attachment of HUVEC The proliferation, mi-
gration, and attachment of endothelial cells are critical
steps in the development of new vessels. So, the effect
of a-Ano on these processes was investigated using HU-
VEC as a model.  After exposure of HUVEC to o-Ano
15— 135 pmol/L for 2 — 7 d, the cell proliferation was
inhibited in a dose- and time-dependent manner (Fig 1).
On the 7th day, the growth of HUVEC was inhibited by
51 % by o-Ano 135 pmol/L.  Only a few dyed cells ex-
isted in trypan blue exclusion assay following a-Ano treat-
ment, suggesting that a-Ano may be having a cytostatic
action but may not be cytotoxic 1o HUVEC.

We used the wound-induced migration model to in-
vestigate the effect of «-Ano on migration of endothelial
cells. A great number of cells were observed in the
wound region of control group at 6 h after wound treat-
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ment, and the wound region was completely filled again  sion activity of HUVEC. About 78 % of cells attached
with HUVEC at 24 h after treatrnent. In the freatment  to collagen matrix after 2-h incubation in control group,
groups, there were no or only a few cells in the wound  but the percentage of attached cells was not obviously in-
region at 6 h, and markedly decreased number of cells  creased in o-Ano treatment groups (Fig 3).

entered the wound region at 24 h (Fig 2), indicating that

the wound-induced two-dimensional migration of HUVEC

was inhibited by «-Ano. 100( a
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Fig 1. Inhibitory effect of a-Ano 0 (C), 15 (@), 45 vs control group.

(x),135 {5} pmol/L, and ATRA 1 pmol/L (M) for
2-7 d on the growth of HUVEC. n =3 experiments.

Zts. "P<0.05, P<0.01 vs control group. Effect of a-Ano on the production of NO NO
is a potent stimulator for the proliferation and migration of
120 HUVEC. We examined the effect of o-Ano on NO pro-

l duction by HUVEC. The level of NO (reflected by ni-

100 trite level) released by HUVEC was elevated on the 2th
£
s b and 4th day, but diminished gradually thereafter (Fig 4).
.E 8 ¢ ¢ After incubation with «-Ano, a dose- and time-dependent
z decrease in NO level was observed (Fig 4).
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Fig 2. Inhibition of ¢-Ano ¢ pmol/L{A)}, 15 pmol/L
{B) or 45 pmol/L(C) and ATRA 0.1 pmol/L {D} for 24
h on the wound-induced migration of HUVEC. Cell

NO content/nmol per 10 cells

relative migration activity was expressed as the percent- 01 07 - ;" —f‘—‘ﬁ’
age of cells crossing the wound edge in treated groups
in comparison with that in the control group. n=3 ex- Time/day

periments. X £ s. P <0.05, P<0.01 vs control Fig4. Inhibitory effect of a-Ano 0 (O), 15 (@), 45

£roip: { x},135 {{J) pmol/L and ATRA 1 pmol/L (M) for 2,
4, 7 d on the production of NO by HUVEC. n=3 ex-
In contrast to the effect of o-Ano on proliferation periments. X * s, P <0.05, P<0.01 s control

and migration, o-Ano had no obvious effect on the adhe- group.
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In summary, in vitro results
demonstrate that a-Ano possesses an antiangiogenic effect
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