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ABSTRACT

In this study, we have determined the ability of the partial estrogen
antagonists, clomiphene, tamoxifen, and nafoxidine, and the pure estrogen
antagonists, ICI 164,384 and ICI 182,780, to inhibit angiogenesis in the
chick egg chorioallantoic membrane. All of the partial estrogen antag
onists and the pure estrogen antagonist, ICI 182,780, showed significant
angiostatic activity in a dose-related manner. The addition of up to 5-fold
of 17ÃŸ-estradiol to the disks containing clomiphene, tamoxifen, or ICI

182,780 did not alter the angiostatic activity of these antiestrogens.
These novel findings show that the antiestrogens are effective inhibitors

of angiogenesis. The finding that angiostatic activity is not altered in the
presence of excess estrogens suggests that this activity is exerted via mech
anisms other than their inhibition of estrogen action. This angiostatic
activity may contribute to the therapeutic effect of antiestrogens in estro
gen receptor-negative tumors.

INTRODUCTION

Lerner et al. ( l ) first described a group of nonsteroidal compounds
that inhibited the trophic effects of naturally occurring estrogens. This
work has resulted in the development of a large number of antiestro
gens that competitively bind to the estrogen receptor and have been
used as therapeutic agents for endocrine responsive tumors. Jordan
and Murphy (2) questioned whether the antitumor effect of the anti-

estrogens is due solely to the blockade of the estrogen receptor.
Antiestrogens have been shown to alter the activity of a number of
growth factors that are important in the control of cellular proliferation
(3, 4) and to inhibit ornithine decarboxylase activity (5), cholesterol
synthesis (6), protein kinase C (7), and microsomal lipid peroxidation
(8).

Recent results from several laboratories suggest that tamoxifen is an
effective therapeutic agent, even in estrogen receptor-negative breast

cancer (9, IO). Knabbe et al. (10) reported that TGFÃŸwas enhanced
by tamoxifen treatment in estrogen receptor-negative breast cancer

and suggested a role for TGFÃŸin the inhibition of tumorigenesis in
these cells.

Tumor growth and metastasis are dependent on vigorous angiogen
esis (11). For this reason, inhibitors of angiogenesis have become an
important potential approach for cancer therapy. TGFÃŸpeptides have
been shown to inhibit neovascularization by reducing endothelial cell
mitosis (12). Nonsteroidal antiestrogens are also potent inhibitors of
protein kinase C, which also plays an important role in angiogenesis
(13).

In this study, we have demonstrated that three nonsteroidal anti-

estrogens, clomiphene, nafoxidine, and tamoxifen, and two steroidal
antiestrogens, ICI 164,384 and ICI 182,780, inhibited angiogenesis in
a dose-related manner. In addition, the interaction of the antiestrogens
with heparin and 17ÃŸ-estradiolis described.
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MATERIALS AND METHODS

Heparin sodium USP(PM-20487; activity, 171 units/mg) was a gift from Dr.
Judah Folkman, Boston, MA. The antiestrogens and 17ÃŸ-estradiol were ob

tained from Sigma Chemical Co., St. Louis, MO, or Steraloids, Inc., Wilton,
NH. The two steroidal antiestrogens, ICI 164,384 and ICI 182,780 were a gift
of Dr. A. E. Wakeling, ICI Pharmaceuticals, Cheshire, England.

The ability of these compounds to inhibit angiogenesis was determined by
using a modification of the chick CAM assay described by Crum et al. ( 14) and
Gagliardi et al. (15). The chicken embryos, obtained from Sunrise Farms,
Catskill. NY, were cracked and then placed in Petri dishes in a humidified CO2
incubator (3% CO2/air) at 37Â°Con day 3. Each compound or combination of

compounds was dissolved in methylcellulose (0.45%) containing 2% DMSO.
The solution (10 ul) was air dried on a Teflon-coated metal tray (2-mm
diameter) and implanted on the outer one-third of a 6-day chorioallantoic
membrane where capillaries were still growing. The zone around the methyl-

cellulose disk was examined 48 h after implantation. An inhibition of angio
genesis was indicated by an avascular zone of >4-mm diameter around the

methylcellulose disk. The results were expressed as the percentage of embryos
which showed inhibition of angiogenesis. The blank methylcellulose disk and
cortisol-21 -phosphate ( 100 ug) plus heparin (80 ug) were used as negative and

positive controls.

RESULTS

A major problem with some steroids and antiestrogens is their low
solubility in aqueous media. DMSO or DMF was used to increase the
solubility of the steroids and antiestrogens in this study. The effect of
DMSO and DMF on the percentage of inhibition of angiogenesis is
shown in Table 1. No significant inhibition of angiogenesis occurred
when up to 4% DMSO or 2% DMF was added to the methylcellulose
disks. On the basis of these results, the methylcellulose disks used in
this study included 2% DMSO, a level which showed no significant
inhibition of angiogenesis.

The effects of increasing amounts of the nonsteroidal antiestrogens,
tamoxifen, clomiphene, and nafoxidine, are shown in Tables 2-4 and
Fig. 1. The inhibition of angiogenesis increased in a dose-related

manner for all three nonsteroidal antiestrogens. The results with clo
miphene (Table 2; Fig. 1) showed significant inhibition when 25 ug
were added to the disk (23% inhibition) and increased in a dose-

related manner to 73% inhibition of angiogenesis when 150 |jg of
clomiphene were added. Tamoxifen (Table 3; Fig. 1) showed a similar
pattern, with significant inhibition at 25 ug (10%) and increased to
74% inhibition of angiogenesis when 150 ug of tamoxifen were add
ed. Nafoxidine (Table 4; Fig. 1) showed a similar pattern, but a slower
increase from 11% inhibition at 25 ug to 56% inhibition of angiogen
esis at 150 ug.

The two 7a-alkylamide analogues of 17ÃŸ-estradiol(ICI 164,384

and ICI 182,780), which show pure antiestrogenic activity, also in
hibited angiogenesis (Table 5; Fig. 1). The angiostatic effect increased
in a dose-related manner from 21% at 25 ug to 68% at 100 ug of ICI

182,780. Because of the limited amount of ICI 164,384 available, only
two levels, 50 and 100 ug/disk were studied. ICI 164,384 showed high
levels of angiostatic activity with 57 and 80% inhibition at 50 and 100
ug/disk, respectively.

The effect of 17ÃŸ-estradiolon the percentage of inhibition of an
giogenesis by clomiphene is shown in Tables 1-5. Table 1 shows the
effect of 17ÃŸ-estradiolalone on angiogenesis. A small but significant
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Table I Percentage of inhibition of angiogenesis b\ DMSO. DMF, heparin, or
I7ÃŸ-esiradiol

The number of positive eggs/total (+eggs/total) and the percentage showing inhibition
of angiogenesis {% of positive) are shown.

CompoundDMSO

only(%)12481632DMF

only(%)12481632Heparin

only(ug/disk)50100I7ÃŸ-estradiol

only(ug/disk)50100500750Cortisol-21

-PO4(ug/disk)50100100

+ 80 ug heparin+eggs/(otal0/420/260/243/2715/368/200/230/256/377/226/249/230/650/272/264/270/210/192/2215/5527/41$â€¢

of positive0001145400016322539008150092766

Table 2 Percentage of inhibition of angiogenesis b\ the anÃ®iestrogen,clomiphene
alone, and in the presence of I7ÃŸ-estradiol or heparin

The number of positive eggs/total eggs (+eggs/total> and the percentage showing
inhibition of angiogenesis (# of positive) are shown.

CompoundClomiphene

only(ug/disk)255010015(1Clomiphene

+ 17/3-estradiol(ug/disk)50
+5050
+250150
+50150
+150150
+300Clomiphene

+ heparin(ug/disk)25
+2050
+40100
+80150+

120+eggs/total8/3524/5513/2224/3320/557/2322/3017/2313/202/2710/3510/1922/40%

of positive2344597337307574657295355

inhibition of angiogenesis occurred when 50 or 100 jag of 17ÃŸ-estra-

diol alone were added as shown in Table 1. This small inhibition did
not occur when increased amounts of 500 or 750 ug of 17ÃŸ-estradiol

were added. No significant reduction in the percentage of inhibition of
angiogenesis was seen when 17ÃŸ-estradiol(50-300 ug) was added to
the disk with 25-150 ug of clomiphene. Similar results were obtained
when up to 750 ug of 17ÃŸ-estradiolwere added to the disks containing
tamoxifen (Table 3) and nafoxidine (Table 4). Levels of 17ÃŸ-estradiol

up to 5 times the antiestrogen level did not show a significant decrease
in the percentage of inhibition of angiogenesis of these three non-

steroidal antiestrogens. In the case of the pure steroidal antiestrogen,
ICI 182,780 (Table 5), there was a small decrease in the angiostatic
activity when 5 times the amount of 17ÃŸ-estradiolwas added.

The effect of heparin on the angiostatic activity in the presence of
cortisol-21-phosphate (Table 1) confirms our previous results that

heparin in the presence of cortisol-21-phosphate greatly increased the

angiostatic activity. On the other hand, the addition of heparin to disks
containing the antiestrogens, clomiphene (Table 2) or nafoxidine (Ta
ble 4), significantly reduced their angiostatic activity.

DISCUSSION

The nonsteroidal antiestrogens, especially tamoxifen, have been
extensively used in breast cancer therapy (16). The antiestrogens are
thought to elicit their therapeutic effects by competing with endoge
nous estrogens for the estrogen receptor. However, more recent stud
ies suggest that the antitumor effect of the antiestrogens is not due
solely to the inhibition of estrogen receptor-mediated action (17, 18).

Antiestrogens have been shown to affect the activity of many growth
factors important in the control of cell proliferation (3, 4). They also
alter a number of biochemical actions, such as the inhibition of orni-

thine decarboxylase (5), protein kinase C (7), and microsomal lipid
peroxidation (8). In addition, tamoxifen has been shown to have
positive therapeutic effects on women with estrogen receptor-negative

breast cancer (2, 9, 10).
In this report, we have shown for the first time that the antiestro

gens, clomiphene, nafoxidine, and tamoxifen, inhibited angiogenesis
in the CAM assay. Tamoxifen and clomiphene have similar angiostatic
activity with 73% inhibition of angiogenesis when 150 ug of either
antiestrogen were added to the disks (see Fig. 1 and Tables 2-3).

Table 3 Percentage of inhibition of angiogenesis by the antiestrogen tamoxifen, alone
and in the presence of I7ÃŸ-esiradiol or heparin

The number of positive eggs/total eggs (+eggs/total) and the percentage showing
inhibition of angiogenesis C7r of positive) are shown.

CompoundTamoxifen

only(ug/disk)2550100150Tamoxifen

+ 17ÃŸ-estradiol(ug/disk)25
+5050
+5050
+250100
+50100
+500150
+150150
+750Tamoxifen

+ heparin(ug/disk)25
+2050
+40100
+80150+

120+eggs/total2/208/2125/4016/232/2511/306/2020/3812/2117/2615/241/194/208/2011/22Table

4 Percentage of inhibition of angiogenesis by the anliestrog%

ofpositive1038617483730525765635204050â€¢en

nafoxidine,aloneand
in rite presence of 17ÃŸ-estradiol orheparinThe

number of positive eggs/total eggs(+eggs/total) and thepercentageshowinginhibition
of angiogenesis (% of positive) areshown.CompoundNafoxidine

only(ug/disk)2550100150Nafoxidine

+ 17ÃŸ-estradiol(ug/disk)50+

150100
+250Nafoxidine

+ heparin(ug/disk)25
+2050
+40100
+80150+

120+eggs/total2/208/719/2414/254/287/202/224/2615/4210/20%

of positive1011385614359153650
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Fig. 1. Percentage of inhibition of increasing amounts of the antiestrogens, clomiphene.
tamoxifen, nafoxidine. and ICI 182.780.

Table 5 Percentage of inhibition of angiogenesis by tn-o 7a-alkylamide analogues of

estradioi (ICI 164.384 and ICI ÃŒ82,780)which show pure estrogen antagonist activity,
alone and in the presence of 17ÃŸ-estradiol

The number of positive eggs/total eggs (-(-eggs/total) and the percentage showing
inhibition of angiogenesis (% of positive) are shown.

Compound -t-eggs/total % of positive

ICI 164.384 only(Mg/disk)50100ICI

182,780 only<Mg/disk)2550100ICI

182,780+ I7ÃŸ-estradiol(ug/disk)25
+12550
+250100
+ 50012/2124/306/2820/4225/375/207/2115/265780214868253358

Nafoxidine had less angiostatic activity (56% inhibition with 150 ug
of nafoxidine). Two steroidal antiestrogens, ICI 164,384 and ICI
182,780, which have pure antagonist activity (19), were tested for
their ability to inhibit angiogenesis in the CAM assay. These 7a-
alkylamide analogues of 17ÃŸ-estradiolbind estrogen receptors with

high affinity without activating any of the normal transcriptional
estrogen responses. These pure antiestrogens are devoid of stimula
tory activity and completely block the trophic activity of estrogens and
partial antiestrogens (19). They displayed more angiostatic activity
than the nonsteroidal partial antagonists. ICI 164,384 and ICI 182,780
showed 80 and 68% inhibition of angiogenesis at 100 ug/disk, respec
tively (see Table 5 and Fig. 1). The angiostatic activity increased in a
dose-related manner for ICI 182,780. However, because of the small

amount of ICI 164,384 available, we were only able to test it at two
levels (50 and 100 |jg). The data at these two points suggest that ICI

164,384 may be the most active angiostatic antiestrogen of the five
tested in this report.

17ÃŸ-Estradiolwas added to the disk alone and with the two partial

estrogen antagonists, clomiphene (Table 2), tamoxifen (Table 3), and
the pure estrogen antagonist, ICI 182,780 (Table 5). The addition of up
to 5-fold more 17ÃŸ-estradioldid not significantly alter the angiostatic

activity of either the partial or the pure estrogen antagonists. These
results suggest that the inhibition of angiogenesis shown by the anti-

estrogens may not be through their competition for the estrogen re
ceptor.

The novel findings reported here show that the antiestrogens are
effective inhibitors of angiogenesis. The fact that angiostatic activity
is not altered by the presence of estrogens provides further evidence
that the antiestrogens exert an antitumor activity via mechanisms other
than direct inhibition of estrogen action. Further studies are necessary
to characterize this angiostatic activity by the antiestrogens.
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