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Complete estrogen blockade remains under investigation as a means to optimize anti-estrogen therapy
in breast cancer thus both the efficacy and end-organ toxicities are of interest with combinations. We
hypothesized that a steroidal aromatase inhibitor (AI) atamestane (ATA) alone, and in combination with
the anti-estrogens tamoxifen (TAM) or toremifene (TOR) would have beneficial effects in ovariectomized
(OVX) rats on key end-organ functions including bone and lipid metabolism and on the endometrium.
Significant positive effects on bone were noted with ATA, TOR, TAM, ATA + TOR, or ATA + TAM. TOR, TAM,
oremifene
amoxifen
one
ipids
terus

ATA + TOR, or ATA + TAM caused significant decreases in serum cholesterol and low-density lipoprotein
cholesterol whereas ATA had no effect. Uterine weight and epithelium lining height were not increased
by ATA but were by TOR and TAM. No significant differences were found in the key parameters outlined
above between OVX rats given TOR and ATA + TOR, or TAM and ATA + TAM. Our data show that ATA in
combination with TOR or TAM is equivalent to TOR or TAM alone in terms of end-organ effects within a
range of clinically relevant doses. Further studies of combinations of AIs with anti-estrogens on end-organ
function are merited.
. Introduction

Atamestane (ATA) is a third generation orally bioavailable
teroidal aromatase inhibitor (AI) [1–5]. Both selective estrogen
eceptor modulators (SERMs), tamoxifen (TAM) and toremifene
TOR) are oral, non-steroidal anti-estrogens which compete with
strogen for the estrogen receptors in breast tissue and are
sed for first-line treatment of hormone dependent advanced
reast cancer in patients [6,7]. TOR is a derivative of TAM and
as shown anti-tumor activity in patients who have failed prior
AM therapy [8,9]. In postmenopausal women with advanced
reast cancer, TOR has been shown to be less tissue-specific than
AM and has partially dose-dependent estrogenic effects [10].
OR and TAM had tissue-specific and partially dose-dependent
strogenic effects in hypothalamus–pituitary-axis, in the liver
nd in the vaginal epithelium of postmenopausal women. In
ome tissues TAM 20 mg/day may be more estrogenic than TOR

0 mg/day.

ATA in combination with TOR was given as a putative “com-
lete estrogen blockade” in a large randomized multicenter Phase
clinical trial in which control patients with advanced breast can-
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cer received the non-steroidal AI letrozole [11]. In a prior trial, the
ATAC (arimidex, tamoxifen, alone or in combination) adjuvant trial
in early stage breast cancer patients, anastrozole plus TAM was infe-
rior to anastrozole given alone [12–14]. In the ATA plus TOR versus
letrozole trial time to progression (TTP) of metastatic disease was
identical in the two arms. In the ATAC trial the abrogation of the ben-
efit of the AI was presumed to be due to a stimulatory effect of TAM
in a low estrogen environment. In vitro and in vivo in a preclinical
immature rat uterine model, TOR has been shown to be less ago-
nistic than TAM at low estrogen concentrations [15], possibly borne
out by the results of the clinical trial. In the preclinical experiment
reported here, we planned to compare the end-organ effects of ATA
in combination with TOR and ATA, respectively. These effects can-
not be accurately measured in patients with advanced breast cancer
and therefore these preclinical results provide important data in the
event that a combination of AIs and novel anti-estrogens is consid-
ered as adjuvant therapy in women with early stage breast cancer.

For this study, we selected the aged ovariectomized (OVX)
Sprague–Dawley rat to mimic the development of estrogen
deficiency-induced osteopenia in humans [16–19]. The model is

also useful to study the lipid profile resulting from treatment
with various endocrine therapies [20]. Our objective was to deter-
mine the end-organ effects of ATA, TOR and TAM alone, as well as
ATA + TOR and ATA + TAM at all ranges of clinically relevant doses,
on bone metabolism, serum lipids and on the uterus.

http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
mailto:pgoss@partners.org
dx.doi.org/10.1016/j.jsbmb.2009.01.005
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. Materials and methods

.1. Animals and experimental design

All animals received humane care following study guidelines
stablished by the Massachusetts General Hospital Subcommittee
n Research Animal Care. Nine-month-old female Sprague–Dawley
ats were obtained from Harlan (Indianapolis, IN, USA). The
ats were housed in a pathogen-free environment under con-
rolled conditions of light, humidity and room temperature. They
eceived both food (TD 89222 diet, 0.5% calcium and 0.4% phos-
horus; Teklad, Madison, WI, USA) and tap water ad libitum.
he rats were matched according to body weight and assigned
o 13 experimental groups of 12 animals per group: group
, intact controls; group 2, OVX controls; group 3, OVX + ATA
5 mg/kg; group 4, OVX + TOR 0.01 mg/kg; group 5, OVX + ATA
5 mg/kg + TOR 0.01 mg/kg; group 6, OVX + TOR 0.1 mg/kg; group 7,
VX + ATA 15 mg/kg + TOR 0.1 mg/kg; group 8, OVX + TOR 1 mg/kg;
roup 9, OVX + ATA 15 mg/kg + TOR 1 mg/kg; group 10, OVX + TAM
.1 mg/kg; group 11, OVX + ATA 15 mg/kg + TAM 0.1 mg/kg; group 12,
VX + TAM 1 mg/kg; group 13, OVX + ATA 15 mg/kg + TAM 1 mg/kg.
dministration of the drugs was initiated 3 days after OVX.
TA (1-methyl-androsta-1,4-diene-3,17-dione) was suspended in
vehicle of 0.9% sodium chloride and 0.085% polyoxyethylene

50) stearate and given twice daily. TOR, and TAM were sus-
ended in 0.5% aqueous methylcellulose 400 and given once daily
y oral gavage in a volume of 0.1 ml/100 g of body weight. The
nimals were weighed weekly and drug doses were adjusted
ccordingly.

After 16 weeks of treatment, the animals were euthanized by
ardiac puncture under ketamine anesthesia. All animals were
asted overnight before blood collection for lipid assays. The uteri
ere removed for weighing and histological analysis. The whole

umbar spine and femora were excised for bone densitometry,
iomechanical testing and bone histomorphometric analyses.

.2. Bone densitometry

The lumbar spine and left femur of individual rats were scanned
y dual energy X-ray absorptiometry using a Lunar PIXImus2 den-
itometer (GE Medical System Lunar, Madison, WI, USA) with a scan
esolution of 0.1 mm × 0.1 mm. Whole left femur and lumbar ver-
ebrae (first through sixth) were placed on a polystyrene tray with
ater to mimic soft tissue. The bone mineral content (BMC) and

rea were measured, and bone mineral density (BMD) was calcu-
ated automatically as BMC/area (g/cm2).

.3. Biomechanical tests

The biomechanical failure properties of the femora and verte-
rae were conducted using an Instron 8501 material testing system
Instron Corp., Canton, MA, USA). Force and deformation data were
ollected at a rate of 25 Hz using a 12-bit data acquisition card
National Instruments, Austin, TX, USA), Labview 5.0 data acqui-
ition software (National Instruments, USA).

The diaphysis of the right femur was tested to failure in three-
oint bending according to a procedure previously described [21].
riefly, samples were subjected to a pre-load of 1N and then
eformed at a rate of 1 mm/min until failure. The point of fail-
re was defined as a successive drop in load greater than 10%.
he body of the fifth lumbar vertebra was tested to failure by

nconfined compression using a similar procedure as previously
escribed [22]. Briefly, a pre-load of 2N was applied to the sample
nd then deformed at a rate of 2 mm/min until failure occurred. The
oint of failure was defined as a successive drop in load of greater
han 5%.
& Molecular Biology 113 (2009) 233–240

2.4. Bone histomorphometric analysis

Left femora from the rats were cleaned of all soft tissue and fixed
in 70% ethanol for 48-h period. Specimens were then dehydrated
in graded acetone and embedded in methylmethacrylate. Four-
micron sections were cut serially using a microtome (Waltham,
MA, USA).

Static histomorphometry was performed on a 4-�m undecalci-
fied Goldner’s Trichrome stained section of each proximal femur
using a digitizing image analysis system and a morphometric pro-
gram, OsteoMeasure (OsteoMetrics, Inc., Atlanta, GA, USA), at a
magnification of 200×. Measurements of bone were taken from
a 15-mm2 area in the central region beginning 0.2-mm distal to
the growth plate. The area selected for measurement covered most
of the trabecular bone available for measurement. The following
parameters were measured: trabecular bone volume (BV) – percent
ratio of trabecular bone volume to total bone volume, mineralized
trabecular bone volume (Md.V) – percent ratio of mineralized tra-
becular bone volume to total bone volume, trabecular thickness
(Tb.Th), trabecular number (Tb.N), trabecular separation (Tb.Sp),
osteoid volume (OV) – percent ratio of osteoid volume to trabec-
ular bone volume, osteoid surface (OS) – percent ratio of osteoid
surface to trabecular bone surface, and osteoid thickness (O.Th). All
measurements and calculations were conducted according to the
American Society for Bone and Mineral Research (ASBMR) nomen-
clature and guidelines [23].

2.5. Serum lipid assays

Blood samples were allowed to clot at 4 ◦C for 2 h, and then cen-
trifuged at 2000 × g for 10 min. The serum was transferred to new
tubes for lipid assays. Total serum cholesterol (CH), high-density
lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) choles-
terol and triglyceride (TG) levels were measured using the Roche
Diagnostics’ reagents and assayed on a Hitachi 917 Automatic Ana-
lyzer (Hitachi, Tokyo, Japan).

2.6. Uterine weight and histology

The uteri were excised, trimmed free of fat, pierced and blotted
to remove excess fluid. The body of the uterus was cut just above
its junction with the cervix and at the junction of the uterine horns
with the ovaries. The uterus was then weighed as wet weight.

10% phosphate buffered formalin-fixed uteri were processed for
conventional paraffin embedding. Cross-sections at 4-m thickness
were prepared from both horns of each uterus and stained with
hematoxylin and eosin. The epithelial lining cells were measured
on Eclipse E 800 microscope (Nikon, Japan) equipped with a 40×
objective.

2.7. Statistical analysis

Data are expressed as the mean ± standard error of the mean
(S.E.M.) of each group. Data were analyzed using a one-way analy-
sis of variance with SAS statistical software (SAS Institute Inc. Cary,
NC, USA). Pair-wise comparisons between various groups were per-
formed using a Tukey-Kramer adjustment. Statistical significance
was considered at P < 0.05.

3. Results

3.1. Bone mineral density (BMD)
The effects of a 16-week treatment on lumbar vertebral BMD are
shown in Fig. 1A. Sixteen weeks after ovariectomy, lumbar vertebral
BMD was 11.9% lower in OVX rats than in intact controls (P < 0.01). At
16 weeks after treatment, lumbar vertebral BMDs were 7.5%, up to
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ig. 1. Bone mineral density of the lumbar vertebrae (A) and left femur (B) after 16
he mean ± S.E.M., n = 12. *Significant difference from all other groups (P < 0.05).

3.2%, 14.5%, 14.6% and 15.0%, higher in OVX animals given ATA, TOR,
TA + TOR, TAM, and ATA + TAM, respectively, than in OVX controls
all P < 0.05). A similar effect was also observed on femoral BMD

easurements (Fig. 1B). Femoral BMD was 6.9% lower in OVX rats
han in intact controls (P < 0.01). At 16 weeks after OVX, femoral
MDs were 3.9%, up to 7.0%, 5.9%, 6.3% and 6.4%, higher in OVX ani-
als given ATA, TOR, ATA + TOR, TAM, and ATA + TAM, respectively,

han in OVX controls (all P < 0.05).
No significant differences were seen in lumbar vertebral and

emoral BMD between OVX rats treated with all doses of TOR and
TA + TOR, or TAM and ATA + TAM (Fig. 1A and B).

.2. Biomechanical properties
Ovariectomy or administration with ATA, TOR and TAM alone as
ell as in combination significantly affected the failure properties

f the femur in the three-point bending test (Fig. 2A). Ovariectomy
aused a 14.6% decrease in three-point bending strength compared
o intact controls (P < 0.001). The OVX animals given ATA, TOR,
s of treatment with ATA, TOR, ATA + TOR, TAM and ATA + TAM. Scale bars represent

ATA + TOR, TAM, and ATA + TAM had a 7.4%, up to 13.2%, 11.0%, 12.5%
and 15.4% increase, respectively, in three-point bending strength
compared to OVX controls (all P < 0.05). Fig. 2B shows the effects
of ATA, TOR, ATA + TOR, TAM, and ATA + TAM on the compressive
strength of the fifth lumbar vertebra. Ovariectomy caused a 22.9%
decrease in compressive strength (P < 0.0001 versus intact con-
trols), which partly recovered with administration of ATA, TOR,
ATA + TOR, TAM, and ATA + TAM. Significant increases in compres-
sive strength of the fifth lumbar vertebrae by up to 16.8%, 16.0%,
20.8% and 21.6% (all P < 0.05) were seen in the OVX rats given ATA,
TOR, ATA + TOR, TAM, and ATA + TAM, respectively.

No significant differences were observed in mechanical failure
properties between OVX rats treated with all doses of TOR and
ATA + TOR, or TAM and ATA + TAM (Fig. 2A and B).
3.3. Bone histomorphometry

A summary of the structural parameters from the static bone
histomorphometry is shown in Table 1. The OVX rats had a sig-
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ig. 2. Mechanical properties of the femora and lumbar vertebrae after 16 weeks of
f the femora (A) and compressive strength of the fifth lumbar vertebrae (B). Sca
P < 0.05).

ificantly lower BV, Md.V and Tb.N, as well as significant higher
b.Sp than the intact controls (all P < 0.05). OVX rats treated with
TA, TOR, ATA + TOR, TAM, and ATA + TAM had a significantly higher
V, Md.V and Tb.N, as well as significantly lower Tb.Sp than the

VX controls (all P < 0.05). Fig. 3 illustrates the trabecular bone vol-
me (BV) in the proximal femoral metaphysis of intact controls
Fig. 3a), OVX controls (Fig. 3b), OVX rats treated with ATA (Fig. 3c),
OR (Fig. 3d), ATA + TOR (Fig. 3e), TAM (Fig. 3f) and ATA + TAM

able 1
istomorphometric values of the various groups.

roup BV (%) Md.V (%) Tb.N (mm−

ntact 16.35 ± 0.63 16.33 ± 0.72 2.18 ± 0.11
VX 10.12 ± 0.31a 9.66 ± 0.27a 1.39 ± 0.0
VX + ATA (15 mg/kg) 15.12 ± 0.37 15.06 ± 0.39 2.21 ± 0.13
VX + TOR (0.1 mg/kg) 16.95 ± 0.69 16.91 ± 0.56 2.42 ± 0.0
VX + ATA (15 mg/kg) + TOR (0.1 mg/kg) 16.61 ± 0.63 16.57 ± 0.70 2.35 ± 0.0
VX + TAM (0.1 mg/kg) 16.64 ± 0.57 16.60 ± 0.61 2.22 ± 0.0
VX + ATA (15 mg/kg) + TAM (0.1 mg/kg) 16.26 ± 0.23 16.24 ± 0.34 2.28 ± 0.0

ata are mean ± S.E.M., n = 5.
a Significant difference from all other groups (P < 0.05).
ent with ATA, TOR, ATA + TOR, TAM and ATA + TAM. Three-point bending strength
represent the mean ± S.E.M., n = 12. *Significant difference from all other groups

(Fig. 3g). The reduced amount of trabecular bone in OVX controls
comparative with intact control rats, and the significant increase
of OVX-induced loss of trabecular bone volume after 16 weeks of
treatment with ATA, TOR and TAM alone, as well as in combination

were observed.

The osteoid results, a measure of bone formation, were also sum-
marized in Table 1. The osteoid volume (OV) and osteoid surface
(OS) in the OVX rats were significantly higher than in the intact

1) Tb.Sp ((m) Tb.Th ((m) OV (%) OS (%) O.Th ((m)

383.4 ± 12.7 75.1 ± 3.1 0.16 ± 0.03 0.58 ± 0.06 10.0 ± 0.29
8a 644.9 ± 20.6a 72.5 ± 2.6 4.28 ± 0.43a 13.11 ± 0.73a 12.5 ± 0.61

385.7 ± 11.2 68.7 ± 4.2 0.35 ± 0.04 1.39 ± 0.05 8.9 ± 0.32
7 343.4 ± 14.5 70.1 ± 3.9 0.24 ± 0.05 0.97 ± 0.04 9.1 ± 0.31
8 355.7 ± 12.7 71.9 ± 4.8 0.18 ± 0.02 0.67 ± 0.03 10.5 ± 0.59
6 366.6 ± 13.3 72.5 ± 3.7 0.27 ± 0.06 1.05 ± 0.04 9.3 ± 0.28
3 367.4 ± 11.2 71.4 ± 3.9 0.12 ± 0.03 0.38 ± 0.05 12.3 ± 0.39
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Fig. 3. Goldner’s trichrome-stained sections of rat proximal femur metaphysis obtained from intact controls (a), OVX controls (b), OVX rats treated with ATA 15 mg/kg (c),
T mg/kg
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OR 0.1 mg/kg (d), ATA 15 mg/kg + TOR 0.1 mg/kg (e), TAM 0.1 mg/kg (f) and ATA 15
omparative with intact control rats, and the significant increase of OVX-induced lo
n combination were observed (magnification of 200×).

ontrols and in OVX rats administered ATA, TOR, TAM alone and in
ombination (all P < 0.05).

No significant differences were observed in bone histomorpho-
etric parameters between OVX rats treated with all doses of TOR

nd ATA + TOR, or TAM and ATA + TAM (Table 1).

.4. Serum lipids

The effects of ATA, TOR, ATA + TOR, TAM, and ATA + TAM on
erum lipids are presented in Table 2. Sixteen weeks after ovariec-
omy, a 34.3% increase in total serum CH, a 28.4% increase in
erum LDL and a 12.8% increase in serum TG, respectively, were
bserved in OVX rats compared to intact controls (all P < 0.05). A
6-week administration of TOR, ATA + TOR, TAM, and ATA + TAM
o OVX rats caused up to 45.8%, 42.4%, 40.6% and 39.7% reduc-
ion, respectively, in serum CH levels compared to the OVX
ontrols (all P < 0.05), as well as up to 75.6%, 77.4%, 81.9% and

0.9% reduction, respectively, in serum LDL levels compared to
he OVX controls (all P < 0.05). After 16-week treatment, OVX rats
iven TOR, and ATA + TOR had up to a 40.3% and 39.6% decrease,
espectively, in serum TG levels compared to OVX controls (all
< 0.05).

able 2
ody weight gain, uterine wet weight and serum lipid levels.

roup Body weight gain (g) Uterine weigh

ntact 20.9 ± 7.4 525.3 ± 19.5
VX 89.4 ± 5.1b 145.9 ± 5.2b

VX + ATA (15 mg/kg) 53.7 ± 5.8 141.3 ± 4.4
VX + TOR (0.01 mg/kg) 39.1 ± 4.5 186.3 ± 3.6
VX + ATA (15 mg/kg) + TOR (0.01 mg/kg) 48.3 ± 5.4 178.5 ± 3.8
VX + TOR (0.1 mg/kg) 10.7 ± 4.0 208.3 ± 2.8
VX + ATA (15 mg/kg) + TOR (0.1 mg/kg) 15.3 ± 4.5 201.7 ± 2.1
VX + TOR (1 mg/kg) −1.9 ± 3.3 224.6 ± 4.5
VX + ATA (15 mg/kg) + TOR (1 mg/kg) −1.3 ± 1.9 212.8 ± 3.4
VX + TAM (0.1 mg/kg) −11.2 ± 3.6 241.8 ± 3.9
VX + ATA (15 mg/kg) + TAM (0.1 mg/kg) 0.25 ± 5.6 226.4 ± 6.8
VX + TAM (1 mg/kg) −8.8 ± 2.0 242.5 ± 7.6
VX + ATA (15 mg/kg) + TAM (1 mg/kg) −7.4 ± 4.3 229.8 ± 6.9

ata are mean ± S.E.M., 12 rats per group.
a P < 0.05 vs. OVX controls or OVX + ATA.
b Significant difference from all other groups (P < 0.01).
+ TAM 0.1 mg/kg (g). Note the reduced amount of trabecular bone in OVX controls
rabecular bone volume after 16 weeks of treatment with ATA, TOR, TAM along and

No significant differences were observed in serum CH and LDL
between OVX rats treated with all doses of TOR and ATA + TOR, or
TAM and ATA + TAM (Table 2).

3.5. Uterine wet weight and epithelial lining cells

The effects of ATA, TOR, ATA + TOR, TAM, and ATA + TAM on uter-
ine weight in OVX rats are shown in Table 2. Sixteen weeks after
ovariectomy, a 72% decrease in uterine wet weight compared to
intact controls (P < 0.01) was observed. In contrast, OVX rats receiv-
ing TOR, ATA + TOR, TAM, and ATA + TAM had an increase in uterine
wet weight of up to 54%, 46%, 67% and 58%, respectively, compared
to the OVX control animals (all P < 0.01). No significant change was
observed in uterine wet weight in OVX rats receiving ATA. There
were no significant differences between OVX rats treated with all
doses of TOR and ATA + TOR, or TAM and ATA + TAM in uterine wet
weight.
In Fig. 4 uterine histology illustrates the absence of a stimula-
tory effect of a 16-week treatment with ATA (Fig. 4c) on the uterine
epithelium when compared to OVX controls (Fig. 4b). However,
hypertrophy of uterine epithelium was observed after a 16-week
treatment with TOR (Fig. 4d and f), ATA + TOR (Fig. 4e and g), TAM

t (mg) CH (mg/dL) LDL (mg/dL) TG (mg/dL) HDL (mg/dL)

101.2 ± 5.7a 30.6 ± 5.7a 55.9 ± 4.6a 59.4 ± 3.3a

135.9 ± 4.1 39.3 ± 4.7 63.1 ± 5.1 84.1 ± 4.2
129.3 ± 3.6 41.1 ± 6.2 66.7 ± 3.2 74.9 ± 4.8
99.5 ± 2.8a 20.7 ± 5.3a 45.6 ± 3.1a 69.5 ± 5.7a

93.6 ± 2.1a 13.3 ± 5.1a 51.5 ± 4.2a 70.0 ± 4.9a

87.5 ± 4.5a 11.1 ± 3.2a 50.3 ± 3.3a 66.4 ± 3.6a

83.3 ± 3.2a 12.2 ± 4.1a 52.6 ± 4.1a 60.7 ± 3.1a

73.7 ± 2.6a 8.9 ± 1.9a 37.7 ± 3.7a 57.1 ± 2.8a

78.3 ± 3.2a 9.6 ± 2.9a 38.1 ± 3.5a 60.9 ± 2.9a

79.2 ± 2.9a 8.3 ± 3.1a 69.2 ± 4.7 56.9 ± 3.4a

82.0 ± 1.3a 8.1 ± 3.7a 71.7 ± 4.6 59.5 ± 4.1a

80.7 ± 3.6a 7.1 ± 1.8a 73.1 ± 4.1 58.9 ± 3.9a

84.1 ± 3.3a 7.5 ± 2.2a 75.6 ± 3.9 61.5 ± 4.3a
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ig. 4. Hematoxylin- and eosin-stained sections of rat uteri illustrating epithelial
eeks with ATA 15 mg/kg (c), TOR 0.01 mg/kg (d), ATA + TOR 0.01 mg/kg (e), TOR 0.1
.1 mg/kg (i). Note the absence of stimulatory effect of ATA on the epithelial cells com
pithelial cells was observed in the OVX rat (magnification of 200×).

Fig. 4h), and ATA + TAM (Fig. 4i). This stimulatory effect correlated
ith the increase in uterine wet weights observed.

.6. Gain in body weight

As shown in Table 2, 16 weeks after ovariectomy, gain in body
eight in OVX rats was significantly greater than that seen in intact

ontrols (89 g versus 21 g). However, ATA, TOR, ATA + TOR, TAM, and
TA + TAM significantly reduced the gain in body weight seen in
VX controls (all P < 0.01). No significant differences in gain in body
eight were observed between OVX rats treated with all doses of

OR and ATA + TOR, or TAM and ATA + TAM.

. Discussion

Our long-term intention is to explore the potential of combining
romatase (estrogen synthetase) inhibitors with estrogen receptor
ntagonists with a view to effecting a “complete estrogen block-
de”. Our hope is that a combination such as this will be superior to
ither class of agent given alone in women with hormone depen-
ent breast cancer. We hypothesized that an AI in combination with
less agonistic anti-estrogenic SERM would be more effective than
revious studies of an AI in combination with TAM proved to be

n patients. A patent protecting specifically the combination of the
teroidal AI ATA in combination with SERMS led us to explore this
I in combination. While a number of newer SERMS as alternative

o TOR are available, it was necessary for the purpose of our clinical

rial to employ a SERM that was an approved treatment for first-
ine metastatic breast cancer. Thus we chose TOR, as it is a standard
rst-line treatment and also had been shown to exert a less estro-
en agonist signal in the presence of estrogen depletion than TAM.
he results of our clinical trial, published recently [11], proved the
cells obtained from intact controls (a), OVX controls (b), OVX rats treated for 16
g (f), ATA 15 mg/kg + TOR 0.1 mg/kg (g), TAM 0.1 mg/kg (h) and ATA 15 mg/kg + TAM
ive with the OVX controls while hypertrophic effects of TOR and TAM on the uterine

combination of ATA plus TOR to be equivalent to letrozole as first-
line treatment. The rat experiment reported here was designed to
understand the end-organ effects of these agents alone (ATA, TAM,
TOR) and in combination (ATA plus TAM, as well as ATA plus TOR) as
these too will potentially provide additional rationale for pursuing
such combination therapies in patients.

Our results reported here confirm that as monotherapy in the
OVX rat model, TOR and TAM have positive and beneficial influ-
ences on bone and lipid metabolism in as far as they significantly
increase BMD and trabecular bone volume, enhance bone mechan-
ical strength, as well as significantly reduce the rise in serum CH,
LDL and TG induced by OVX. As monotherapy TOR has a significant
and equivalent stimulatory effect on uterine epithelium as TAM.
These monotherapy findings are consistent with published studies
in this rat model [24–30].

With respect to our findings on lipid metabolism in this OVX rat
model it is important to understand the changes in HDL levels in
rats compared with those in humans. In both humans and rodents,
estrogen lowers cholesterol by upregulating the hepatic LDL recep-
tor, thus resulting in an increased removal of serum cholesterol from
the circulation [31]. This effect results in a preferential reduction of
LDL cholesterol in humans. However, in the rat, both HDL and LDL
cholesterol are reduced, because rat HDL contains apoprotein E (not
found in human HDL), which also binds to the hepatic LDL receptor
[32]. Thus, in the rat, as opposed to humans, HDL cholesterol is a
predominant form of circulating cholesterol, and estrogen therapy
lowers both HDL cholesterol and LDL cholesterol. Thus the reduc-

tion in both HDL and LDL seen with the administration of TOR or
TAM in the OVX rat is in an expected estrogen agonist direction.

ATA given as monotherapy to OVX rats significantly increased
BMD, bone mechanical strength and trabecular bone volume.
Unlike similar effects in this model with the steroidal AI exemes-
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ane, our previous study [30] showed these bone preserving effects
re not blocked by the androgen receptor blocker flutamide [33]
nd thus appear to be non-androgenic [4,30,34,35]. The mecha-
ism of bone preserving effects of ATA remains unexplained. ATA
onotherapy also had no stimulatory effect on the uterine epithe-

ium in OVX rats indicating an absence of an intrinsic estrogenic
ignal on this tissue.

When considering our underlying hypothesis that TOR would be
ess estrogen agonistic on end-organ function in combination with
n AI than TAM, it should be noted that there were no differences
n any end-organ effects between ATA + TAM and ATA + TOR. Thus
oth combinations were equally bone sparing, lowered serum CH
nd LDL levels equivalently and had a similar stimulatory effect on
he endometrial lining.

In summary, ATA plus TOR demonstrated changes in end-organ
unction that were no different from those seen with ATA in combi-
ation with TAM. The effects on end-organs in these experiments
onfirm the OVX rat as an appropriate preclinical model for evalua-
ion of endocrine changes in postmenopausal women. The changes
een in lipid metabolism, while in a different direction from those
n humans, are consistent and explainable as outlined above, and
o not negate the usefulness of this OVX rat model. The major unex-
ected finding in our study is the positive benefits of ATA on bone
etabolism that appear not to be due to androgenic properties. As

ndicated above our overall goal is to determine whether an AI can
e combined with an anti-estrogen such as a SERM or a SERD (selec-
ive estrogen receptor down-regulator). The hope is that anti-cancer
ffects will be enhanced by a combination and that end-organ tox-
cities will be acceptable or beneficial. We showed in our previous

anuscript that the steroidal AI exemestane has a positive effect on
one metabolism distinct from letrozole the non-steroidal AI. We
re currently testing these differences in a large clinical trial of over
000 patients comparing exemestane, a steroidal AI to anastrozole,
non-steroidal AI. Our two manuscripts indicate that the steroidal

nhibitors have positive effects on bone metabolism in the OVX rat
odel. While exemestane appears to exert this effect by virtue of

n androgenic effect, it remains unclear as to why atamestane does
his. Clinical studies will help to clarify these findings and help to
etermine optimal combinations of endocrine therapies for testing.

Taken together with our previously published clinical results, it
s unlikely that ATA plus TOR will be pursued for further clinical
evelopment. However, there are two ongoing clinical trials of the
I anastrozole in combination with the “pure anti-estrogen” ful-
estrant, an estrogen receptor down-regulator, and the outcome of
he clinical efficacy of this combination versus anastrozole alone is
agerly awaited. The end-organ effects of this novel combination
ill also play a role in ascertaining its overall therapeutic index of

fficacy versus toxicity and thereby its potential as a novel therapy
n women with hormone dependent early stage breast cancer.

cknowledgements

We thank Endocrine Unit and Dr. Ernestina Schipani laboratory,
assachusetts General Hospital and Harvard Medical School for

riendly providing the equipment for the bone densitometry and
one histomorphometry, as well as Francesca Gori and Clare Colleen
homas for their valuable technical assistance in measuring bone
ass and bone histomorphometric analysis.

eferences
[1] Y. Nishino, M.R. Schneider, H. Michna, M.F. El Etreby, Antitumor effect of a
specific aromatase inhibitor, 1-methyl-androsta-1,4-diene-3,17-dione (atames-
tane), in female rats bearing DMBA-induced mammary tumors, J. Steroid
Biochem. 34 (1989) 435–437.

[2] K. Hoffken, Experience with aromatase inhibitors in the treatment of advanced
breast cancer, Cancer Treat. Rev. Suppl. B 19 (1993) 37–44.

[

& Molecular Biology 113 (2009) 233–240 239

[3] W. Kuhnz, G.A. Hoyer, S. Backhus, U. Jakobs, Metabolism of the steroidal
aromatase inhibitor atamestane in rats, cynomolgus monkeys and humans.
Isolation and identification of the major metabolites, Eur. J. Drug Metab. Phar-
macokinet. 19 (1994) 137–150.

[4] T.C. Shao, M. Marcelli, A. Kong, G.R. Cunningham, Anti-androgen effects of the
aromatase inhibitor, atamestane, J. Androl. 16 (1995) 100–107.

[5] G.J. Kelloff, R.A. Lubet, R. Lieberman, K. Eisenhauer, V.E. Steele, J.A. Crowell,
E.T. Hawk, C.W. Boone, C.C. Sigman, Aromatase inhibitors as potential cancer
chemopreventives, Cancer Epidemiol. Biomarkers Prev. 7 (1998) 65–78.

[6] A. Milla-Santos, L. Milla, L. Rallo, V. Solano, Phase III randomized trial of
toremifene vs tamoxifen in hormonodependant advanced breast cancer, Breast
Cancer Res. Treat. 65 (2001) 119–124.

[7] O. Pagani, S. Gelber, K. Price, D. Zahrieh, R. Gelber, E. Simoncini, M. Castiglione-
Gertsch, A.S. Coates, A. Goldhirsch, International Breast Cancer Study Group:
toremifene and tamoxifen are equally effective for early-stage breast cancer:
first results of International Breast Cancer Study Group Trials 12–93 and 14–93,
Ann. Oncol. 15 (2004) 1749–1759.

[8] C.L. Vogel, I. Shemano, J. Schoenfelder, R.A. Gams, M.R. Green, Multicenter phase
II efficacy trial of toremifene in tamoxifen-refractory patients with advanced
breast cancer, J. Clin. Oncol. 11 (1993) 345–350.

[9] K. Asaishi, T. Tominaga, O. Abe, M. Izuo, Y. Nomura, Efficacy and safety of high
dose NK 622 (toremifene citrate) in tamoxifen failed patients with breast cancer,
Gan. To Kagaku. Ryoho. 20 (1993) 91–99.

10] J. Ellmen, P. Hakulinen, A. Partanen, D.F. Hayes, Estrogenic effects of toremifene
and tamoxifen in postmenopausal breast cancer patients, Breast Cancer Res.
Treat. 82 (2003) 103–111.

[11] P. Goss, I.N. Bondarenko, G.N. Manikhas, K.B. Pendergrass, W.H. Miller, P.
Langecker, D. Blanchett, Phase III, double-blind, controlled trial of atames-
tane plus toremifene compared with letrozole in postmenopausal women
with advanced receptor-positive breast cancer, J. Clin. Oncol. 25 (2007)
4961–4966.

12] M. Baum, A. Buzdar, J. Cuzick, J. Forbes, J. Houghton, A. Howell, T. Sahmoud,
The ATAC (arimidex, tamoxifen alone or in combination) Trialists’ group: anas-
trozole alone or in combination with tamoxifen versus tamoxifen alone for
adjuvant treatment of postmenopausal women with early-stage breast cancer:
results of the ATAC (arimidex, tamoxifen alone or in combination) trial efficacy
and safety update analyses, Cancer 98 (2003) 1802–1810.

13] The Arimidex, Tamoxifen Alone or in Combination (ATAC) Trialists’ Group,
Comprehensive side-effect profile of anastrozole and tamoxifen as adjuvant
treatment for early-stage breast cancer: long-term safety analysis of the ATAC
trial, Lancet Oncol. 7 (2006) 633–643.

14] A.U. Buzdar, Anastrozole for breast cancer: recent advances and ongoing chal-
lenges, Expert Rev. Anticancer Ther. 6 (2006) 839–848.

15] E. Di Salle, T. Zaccheo, G. Ornati, Antiestrogenic and antitumor properties of the
new triphenylethylene derivative toremifene in the rat, J. Steroid Biochem. 36
(1990) 203–206.

16] V.C. Jordan, E. Phelps, J.U. Lindgren, Effects of anti-estrogens on bone in castrated
and intact female rats, Breast Cancer Res. Treat. 10 (1987) 31–35.

17] I. Yamazaki, H. Yamaguchi, Characteristics of an ovariectomized osteopenic rat
model, J. Bone Miner. Res. 4 (1989) 13–22.

18] T.J. Wronski, C.-F. Yen, The ovariectomized rat as an animal model for post-
menopausal bone loss, Cells Mater. Suppl. 1 (1991) 69–74.

19] D.N. Kalu, The ovariectomized rat model of postmenopausal bone loss, Bone
Miner. 15 (1991) 175–191.

20] S.G. Lundeen, J.M. Carver, M.L. Mckean, R.C. Winneker, Characterization of the
ovariectomized rat model for the evaluation of estrogen effects on plasma
cholesterol levels, Endocrinology 138 (1997) 1552–1558.

21] M. Kasra, C.M. Vanin, N.J. MacLusky, R.F. Casper, M.D. Grynpas, Effect of different
estrogen and progestin regimens on the mechanical properties of rat femur, J.
Orthop. Res. 15 (1997) 118–123.

22] D. Chachra, C.M. Vanin, N.J. MacLusky, R.F. Casper, M.D. Grynpas, The effect of
different hormone replacement therapy regimens on the mechanical properties
of rat vertebrae, Calcif. Tissue Int. 56 (1995) 130–134.

23] A.M. Parfitt, M.K. Drezner, F.H. Glorieux, J.A. Kanis, H. Malluche, P.J. Meunier,
S.M. Ott, R.R. Recker, Bone histomorphometry: standardization nomenclature,
symbols and units, report of the ASBMR Histomorphometry Nomenclature
Committee, J. Bone Miner. Res. 2 (1987) 595–610.

24] M. Sato, M.K. Rippy, H.U. Bryant, Raloxifene, tamoxifen, nafoxidine, or estrogen
effects on reproductive and nonreproductive tissues in ovariectomized rats,
FASEB J. 10 (1996) 905–912.

25] P.C. Ruenitz, Y. Shen, M. Li, H. Liang, R.D. Whitehead Jr, S. Pun, T.J. Wronski,
Specific bone-protective effects of metabolites/derivatives of tamoxifen and
clomiphene in ovariectomized rats, Bone 23 (1998) 537–542.

26] S. Karlsson, E. Mantyla, Y. Hirsimaki, S. Niemi, L. Nieminen, K. Nieminen, L.
Kangas, The effect of toremifene on bone and uterine histology and on bone
resorption in ovariectomised rats, Pharmacol. Toxicol. 8 (1999) 72–80.

27] P. Carthew, R.E. Edwards, B.M. Nolan, M.J. Tucker, L.L. Smith, Compartmentalized
uterotrophic effects of tamoxifen, toremifene, and estradiol in the ovariec-
tomized Wistar (Han) rat, Toxicol. Sci. 48 (1999) 197–205.

28] K.P. Nephew, E. Osborne, R.A. Lubet, C.J. Grubbs, S.A. Khan, Effects of oral

administration of tamoxifen, toremifene, dehydroepiandrosterone, and voro-
zole on uterine histomorphology in the rat, Proc. Soc. Exp. Biol. Med. 223 (2000)
288–294.

29] B. Czerny, A. Pawlik, Z. Juzyszyn, Z. Mysliwiec, Effect of tamoxifen on bone min-
eral density and blood lipids in ovariectomized rats, Pol. J. Pharmacol. 55 (2003)
1137–1142.



2 istry

[

[

[

[

[

40 P.E. Goss et al. / Journal of Steroid Biochem

30] P.E. Goss, S. Qi, H. Hu, A.M. Cheung, The effects of atamestane and toremifene
alone and in combination compared with letrozole on bone, serum lipids and
the uterus in an ovariectomized rat model, Breast Cancer Res. Treat. 103 (2007)
293–302.

31] E.E. Windler, P.T. Kovanen, Y.S. Chao, M.S. Brown, R.J. Havel, J.L. Goldstein, The

estradiol-stimulated lipoprotein receptor of rat liver. A binding site that mem-
brane mediates the uptake of rat lipoproteins containing apoproteins B and E,
J. Biol. Chem. 255 (1980) 10464–10471.

32] Y.S. Chao, E.E. Windler, G.C. Chen, R.J. Havel, Hepatic catabolism of rat and
human lipoproteins in rats treated with17�-ethynyl estradiol, J. Biol. Chem.
254 (1979) 11360–11366.

[

& Molecular Biology 113 (2009) 233–240

33] A.G. Ederveen, H.J. Kloosterboer, Tibolone exerts its protective effect on tra-
becular bone loss through the estrogen receptor, J. Bone Miner. Res. 16 (2001)
1651–1657.

34] U.F. Habenicht, M.F. el Etreby, Selective inhibition of androstenedione-induced
prostate growth in intact beagle dogs by a combined treatment with the

antiandrogen cyproterone acetate and the aromatase inhibitor 1-methyl-
androsta-1,4-diene-3,17-dione (1-methyl-ADD), Prostate 4 (1989) 309–322.

35] T. Zaccheo, D. Giudici, G. Ornati, A. Panzeri, E. di Salle, Comparison of the effects
of the irreversible aromatase inhibitor exemestane with atamestane and MDL
18962 in rats with DMBA-induced mammary tumours, Eur. J. Cancer 27 (1991)
1145–1150.


	Comparing the effects of atamestane, toremifene and tamoxifen alone and in combination, on bone, serum lipids and uterus in ovariectomized rats
	Introduction
	Materials and methods
	Animals and experimental design
	Bone densitometry
	Biomechanical tests
	Bone histomorphometric analysis
	Serum lipid assays
	Uterine weight and histology
	Statistical analysis

	Results
	Bone mineral density (BMD)
	Biomechanical properties
	Bone histomorphometry
	Serum lipids
	Uterine wet weight and epithelial lining cells
	Gain in body weight

	Discussion
	Acknowledgements
	References


