The Journal of
Steroid Biochemistry
&
Molecular Biology

PERGAMON Journal of Steroid Biochemistry & Molecular Biology 86 (2003) 461467
www.elsevier.com/locate/jsbmb

Use of letrozole as a chemopreventive agent in aromatase
overexpressing transgenic mice

Roopa Luthra, Nameer Kirma, Jeremy Jones, Rajeshwar Rao Tekmal

Department of Gynecology and Obstetrics, Emory University School of Medicine,
4217 Woodruff Memorial Building, Atlanta, GA 30322-4710, USA

Abstract

Our recent studies have shown that overexpression of aromatase results in increased tissue estrogenic activity and induction of hyperplastic
and dysplastic lesions in mammary glands, and gynecomastia and testicular cancer in male aromatase transgenic mice. Our studies also hav
shown that aromatase overexpression-induced changes in mammary glands can be abrogated with very low concentrations of letrozole, ar
aromatase inhibitor without any effect on normal physiology. In the present study, we have examined the effect of prior low dose letrozole
treatment on pregnancy and lactation. We have also investigated the effect of low dose letrozole treatment on subsequent mammary growth
and biochemical changes in these animals. There was no change in the litter size, birth weight and no visible birth defects in letrozole-treated
animals. Although, there was an insignificant increase in mammary growth in aged animals after 6 weeks of letrozole treatment, the levels
of expression of estrogen receptor, progesterone receptor and genes involved in cell cycle and cell proliferation remained low compared to
control untreated animals. These observations indicate that aromatase inhibitors such as letrozole can be used as chemopreventive agen
without effecting normal physiology in aromatase transgenic mice.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction ing its functional significance has attracted considerable
attention and controverdy].

Breast cancer is one of the most prevalent types of cancer An intriguing hypothesis is that local estrogen is directly
observed in women. The mitogenic and proliferative effects involved in the initiation of either preneoplastic or neoplas-
of estrogens have long been recognized and are known tatic (or both) changes in mammary epithelium. To address
correlate with estrogen and progesterone receptors in breasthis question directly, we have generated an aromatase
tumor tissue. Interestingly, the proportion of patients with transgenic mice model and showed for the first time that the
hormone sensitive tumors is higher among postmenopausalransgenic virgin and postlactational females overexpressing
patients than premenopausal patiefits?]. In addition, aromatase develop various preneoplastic histopathological
the source of sex steroids differ between pre- and post-changes in their breast tiss{&] and males developed gy-
menopausal women. Previous studies have demonstratediecomastia and testicular can¢@y10]. Overexpression of
the presence of aromatase, the rate limiting enzyme re-aromatase results in change in the expression of a number of
sponsible for estrogen biosynthesis in breast tunf@«§]. growth factors, oncogenes, genes involved in cell cycle, cell
Breast tumors from postmenopausal women maintain a highproliferation and cell death in mammary tissue of aromatase
estrogen content, even though the plasma levels of estradiokransgenic micg11]. Because of the complexity of regu-
fall to low levels following menopause. One pathway for in lation in the ovary, pharmacological blockade of ovarian
situ synthesis involves the conversion of androstenedione toaromatase has been difficult in pre-menopausal patients.
estrone/estradiol catalyzed by aromatase. Since aromatasthterruption of estrogen biosynthesis reduces the tonic in-
was first detected in breast tumors, the problem of assess-hibitory action of estradiol on LH and FSH secretion. The re-

flex rise in FSH stimulates production of new aromatase and
the LH increase results in increased steroidogenesis in the
mted at the VI International Aromatase Conference, ARO- qvary. These two effects Fend to counteract the inhibitory ac-
MATASE 2002, Kyoto, Japan, 26-30 October 2002. ’ tions of aromatase bIocI_<|ng drugs on .the 0Vdr3]. But the
* Corresponding author. Tek:1-404-727-9847; fax+-1-404-727-8615.  Same endocrine regulation can be utilized as an advantage to
E-mail address: rtekmal@emory.edu (R.R. Tekmal). block estrogen synthesis in other tissues such as breast where
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it is not under gonadotrophin regulation. Based on these and2.2. Morphological and histological assessment of
other observations, we hypothesized that estrogen biosyn-mammary glands and other tissues
thesis in breast tissue may be regulated in pre-menopausal
women by selectively blocking in situ estrogen production  The skin containing the mammary fat pads was fixed in
with aromatase inhibitors without affecting ovarian estrogen 10% neutral buffered formalin for at least 24 h. The mam-
biosynthesis. This action should effectively eliminate the mary glands were then dissected free from skin and pro-
breast tissue estrogen-mediated initiation and progressioncessed for histological examinatiof2]. Routine sections
of breast cancer. Even though a large body of literature sup-of mammary tissues, uterus and ovary were prepared after
ports the use of aromatase inhibitors as hormonal therapeufixation by embedding in paraffin, sectioning aill, and
tic agents to treat hormone-dependent breast cancers therstaining with H&E.
is limited information pertaining to the use of aromatase
inhibitors as chemopreventive agents to block the initia- 2.3. Treatment with aromatase inhibitor or tamoxifen
tion and progression of this malignan¢¥3,14] Results
from limited preclinical experiments have shown that third ~ Aged (16-20 weeks old) virgin aromatase transgenic fe-
-generation aromatase inhibitors posses a potent ability tomales were used to investigate the effect of the aromatase
prevent tumor induction and growth in carcinogen-induced inhibitor, letrozole, as a chemopreventive agent against the
rat mammary tumor modeld5-17] Based on preclinical ~ preneoplastic and neoplastic changes induced in mammary
results and their excellent activity in the metastatic setting, glands of these mice. In this study, age matched trans-
aromatase inhibitors are now being evaluated as adjuvantgenic females were divided into two groups & 30 in
and in pilot studies for chemopreventifiB,19] each group), one group served as control group, the other
Our previous studief20,21] have shown that aromatase group received daily s.c. injection of letrozole (.§ letro-
overexpression-induced changes in mammary glands can bgole/animal in 10Gul of 0.3% hydroxy propy! cellulose (in
abrogated with very low concentration of letrozole. Low phosphate buffered saline). Control animals were given s.c.
concentration of letrozole had no effect on normal physiol- injection of vehicle. Letrozole was a gift from Drs. Ajay
ogy as indicated by no significant change in the circulating Bhatnagar and Dean Evans of Novartis Pharma AG (Basel,
levels of estradiol and FSH as well as no change in estrogenSwitzerland). At the end of the 6-week treatment period, an-
responsive genes such as the PR and lactoferrin in the uterimals were divided into three groups. First group of animals
ine tissue. These observations indicated that the aromatasavas sacrificed and the mammary glands were removed and
inhibitor, letrozole can be used as a chemopreventive agentone gland each was used for histological analysis. All other
without affecting normal physiology. Current findings indi- glands were pooled then used for biochemical analysis as
cate that prior low dose letrozole treatment had no effect on described below. The second group of animals was allowed
subsequent pregnancy and lactation. Mammary growth andto age (12 months) without any further treatment. The third
expression of ER, PR and genes involved in cell cycle and group of animals was paired with males 2 weeks after the
cell proliferation remained low in these animals even sev- resting period to observe the effect of letrozole on pregnancy
eral months after treatment. These observations confirm thatand lactation.
letrozole can be used to eliminate estrogen-mediated initi- To compare the effect of tamoxifen with letrozole on abro-
ation of breast cancer in transgenic mice without affecting gating aromatase-induced mammary hyperplasia, aromatase
normal physiological functions. transgenic mice (16—-20 weeks) were treated with 5.0 mg (60
day constant release) tamoxifen pellet= 10). At the end
of experiment, the animals were sacrificed, mammary glands

2. Materials and methods were collected and processed as described above. Data from

these animals is compared with the first group of animals
2.1. Aromatase overexpressing transgenic mice form above study to see the differences in tamoxifen and
and animal treatments letrozole treatment.

The female aromatase transgenic mice were maintained in2.4. RNA analysis
a standard colony. Mice were housed in a centralized animal
facility accredited by the AAALAC and USDA and main- Total RNA from mice mammary tissue was isolated, fol-
tained according to the recommendations established in thelowing homogenization of the tissue, with the Tri Reagent
NIH Guide for the Care and Use of Laboratory Animals. (Sigma, St. Louis, MO) according to the manufacturer's
Generation of transgenic mice that overexpress aromatasgrotocol. The specific expression of ER, PR, PCNA, cyclin
(previously referred to asit-5/aromatase transgenic mice) D1 and other genes was then verified by RT-PCR, using
in mammary glands was previously descrid8fl All ani- the GeneAmp RNA PCR kit (Perkin-Elmer, Foster City,
mals were genotyped using Southern blot analysis and ageCA). Use of specific primers and conditions of RT-PCR
matched nontransgenic littermates were used as controls invas described befolfd1]. Depending on the abundance of
all experiments. the specific MRNA species, 70 ng—1.g of total RNA was
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used as starting template in a reverse transcription (RT) 8

reaction mix. The RT-PCR products were visualized on a 7k Litter size 8-10 pups

1% agarose gel with ethidium bromide staining. To demon- & e — e
strate that equal amounts of total RNA was used from each & 6 [ IR
sample for estimation of the expression of various genes, 2 5 | Petesetaterets:
glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a gn il :3:;:;:2:;:5:;:
house keeping gene, was used as invariant control. The den- & Dot tatonst
sitometric data (Bio-Rad GS-700 densitometer, Hercules, & 3 [ B
CA) from ethidium bromide staining of RT-PCR products s 3 | DEesatoretate!
on agarose gels were used for calculating the relative differ- < eresatetess
ences in the expression of various mRNA levels in different A ”::”:’::
. A
tissue samples. 0 Fom—— rm—
2.5. Western blot analysis Tresbnent Gronp

Fig. 1. Effect of letrozole treatment prior to pregnancy on birth weight
To isolate proteins from mammary gland and uterine and litter size of aromatase transgenic mice. Animals were treated for 6
tissue of both control and letrozole-treated aromatase ani-weeks at the age of 12-16 weeks with @ letrozole per mouse per
mals, the tissues were homogenized in Iysis buffer. Equal d_ay. Af_ter 2 weeks of _resting'period, the animals were pa_lired with males.
amounts (6&9) of protein from each sample was Separated Litter size was noted immediately after the birth and weight of thg pups
> . was determined on day ten. Average date5.D. was used for graphical
on a denaturing polyacrylamide gel and transferred to a representation.
nylon membrane. Non-specific binding of antibodies were
blocked by incubation for at least 4 h at room temperature
with Tris-buffered saline (TBS) containing 0.05% Triton
X-100 (TBST) and 5% nonfat dry milk. Membranes were
then incubated with respective primary antibodies (actin,
ER, PR, lactoferrin, PCNA and cyclin D1) in TBST-milk 3-2. Effect of letrozole treatment on subsequent mammary
overnight at 4C, and specific binding was visualized by growth and biochemical changes in aromatase transgenic
using species-specific (secondary antibodies) IgG followed Mice
by enhanced chemiluminescent detection (ECL kit; Amer-
sham Pharmacia Biotech, New Jersey) and exposure to ECL To test whether the preneoplastic/neoplastic changes ab-
X-ray film. Densitometric data from Western blots (X-ray rogated by aromatase inhibitor would reappear after the
image of chemiluminescent antibody-bound proteins) were treatment, we first treated the aromatase transgenic females
used for calculating the differences in the expression of with letrozole (0.5.g per day per animal) for 6 weeks to
individual proteins. Expression of actin, a house keeping completely abrogate or reduce aromatase induced hyper-
protein, was used for normalization as an invariant control plastic and other changes in breast tissue. Animals were then
if needed. allowed to age for 24 weeks after cessation of letrozole treat-

ment. Mammary glands from control and letrozole-treated
and aged aromatase transgenic animals were examined.

ble morphological or anatomical defects in the pups born to
letrozole-treated mothers.

3. Results Our findings indicate that the aromatase females treated
with letrozole for 6 weeks and aged after ending treatment

3.1. Effect of prior letrozole treatment on pregnancy show some new or sustained mammary grovily.(2A).

and lactation However, compared to untreated aged contréig.(2B),

the growth of mammary glands in these mice is markedly

Our previous studies have demonstrated that breast hyperreduced as indicated by the lack of tertiary branching and
plasia and other preneoplastic/neoplastic changes that werdabulo-alveolar growth and complete lack of terminal end
induced by aromatase overexpression can be abrogated bypuds. These results suggest that mammary glands were
using a low dose of letrozole (O per day per animal).  capable of continued proliferation (growth) even after ces-
This dose had no effect on uterus and ovary as well as cir-sation letrozole treatment. However, the growth resulting
culating levels of estradiol and FSR21]. To test whether  from such proliferation was shown to be minimal.
prior low dose letrozole treatment had any effect on sub-  To further understand the effect of letrozole treatment on
sequent pregnancy, animals were allowed to undergo preg-subsequent mammary growth or biochemical changes, we
nancy and lactation after 2 weeks of a resting period. Data have examined the expression of ERRgnd), PR and as
shown inFig. 1 clearly indicate that there is no difference well as estrogen responsive genes like BGind VEGF,
in the average litter size and weight (10th day) of the pups, in mammary tissues from transgenic animals immediately
suggesting that the prior letrozole treatment had no effect after the letrozole treatment and in animals that were aged
on pregnancy and lactation. We have also not seen any visi-after letrozole treatment along with appropriate controls.
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Fig. 2. Morphological features of mammary glands from aged after letrozole treatment and control aromatase transgenic mice. Mammary gland whole
mounts from aromatase transgenic mice with (Panel A) and without (Panel B) letrozole treatment prior to aging. Note the lack of terminal branching,
labulo-alveolar growth and terminal end buds in letrozole treated mice (Panel A) compare to control aged mice (arrow markings).

As shown in theFig. 3, expression of ER, PR and TGF aged after being given letrozole compared to animals that
decreased significantly immediately after the letrozole ad- were sacrificed immediately after the letrozole treatment.
ministration and remained low even several months after The only exception was that the expression of PR which re-
the treatment. However, the levels of expression of thesemained low even in aged animals compared to the level of
genes are higher in the mammary tissue of animals that wereexpression seen in animals immediately after letrozole treat-
ment. Our data also shows a decrease in the protein levels
LI of ER, PR, cyclin D1 and PCNA in mammary tissues of an-

m imals that were aged after letrozole treatment compared to
control untreated animal$ig. 4).

ol ol i 3.3. Effect of tamoxifen on aromatase-induced mammary
hyperplasia and biochemical changes in the aromatase
transgenic female mice

VEGF Our previous studief8,11,20,21]have shown that over-
expression of aromatase results in the upregulation of a
GAPDH
" 100
100 [ Jimmediate ,
[ Immediate
ElAged (e
80 80
z
E 60 =
S £ 60|
= S
E 40 ;;
¥ @
R o
3 40 [
-"
20
oY 20
ER alpha  ER beta PR TGF beta  VEGF
Nature of the mRNA
Fig. 3. Effect of letrozole on mRNA expression of ER énd B), PR, 0 <
TGF3 and VEGF immediately and aged after letrozole treatment in ERalpha ERbeta PR PCNA Cyclin D1
mammary tissue of aromatase transgenic mice. Densitometric data from Nature of the protein

RT-PCR analysis are used for graphical representation after correcting for

any difference based on GAPDH levels. Animals were treated with.§.5 Fig. 4. Effect of letrozole on ERof and ), PR, PCNA and cyclin D1
letrozole per mouse per day and aged as indicated in the methods. Datagprotein levels immediately and aged after letrozole treatment in mammary
presented in top panel is a representative RT-PCR analysis of expressiortissue of aromatase transgenic mice. Densitometric data from Western
profile of various genes in the mammary tissue from both control (without blot analysis are used for graphical representation after correcting for
and with aging, Cl, CA), immediately (LI) and aged after letrozole any difference based on actin levels. Animals were treated withuw@.5
treatment (LA). letrozole per mouse per day and aged as indicateSeiction 2
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number of estrogen dependent genes that are under estradiol/ 100 -

ER regulation, and that letrozole abrogated aromatase-in-

duced hyperplasia. To examine whether tamoxifen is equally [ immediate
as effective in abrogating aromatase-induced hyperplasia, we s0 F W Aged

compared the mammary growth of tamoxifen-treated aro-
matase mice with that of letrozole-treated (Qdpper day per
animal) animals. Our results showed that tamoxifen is also
effective in abrogating aromatase-induced mammary hyper-
plasia; however, letrozole appears to be more effective be-
cause it even affected the growth of ductal branching (data
not shown).

To further examine the differences in both treatments, we
have evaluated the expression of ER, PR and various estro-
gen regulated genes in both letrozole and tamoxifen-treated
mammary tissues. Data shown kig. 5 indicate that both
treatments affected the expression of ER, PR and other
estrogen-dependent genes. However, the letrozole was more 0
effective in down-regulating of ER, PR, T@Fompared to
tamoxifen. No significant differences between both the treat-
ments were seen in the effects on VEGF expression. Consis-Fig. 6. Effect of letrozole or tamoxifen on ERx(and g), PR, PCNA
tent with less proliferation and decreased mammary growth, ?n”dmgfcli”tim Profte:r‘or're];?;ieif:‘r’;‘rfsdizfi'g n?ifézf l')e;fn";g; ;::i“’;‘:t’;t f:gm
the Ievels_ of PCNA were also low in ammals that Were_ Wzsteri1 )tglotsesl:gl;sis are used for gragphical representation after correcting
treated with letrozole Compared to tamoxifen-treated ani- for any difference based on actin levels. Animals were treated with either

letrozole or tamoxifen aged as indicatedSection 2

40

Percent Control

20

ER alpha ER beta PR PCNA  Cyclin D1
Nature of the protein

& mals Fig. 6). These studies suggest that both letrozole and
e§° tamoxifen are potent suppressors of aromatase-induced hy-
perplasia; however, based on both morpho-histological and
biochemical analysis letrozole appears to be more effective.

4, Discussion

HHHEEE
e HEEHHH

TGF b
Since aromatase was first detected in breast tuf@rs
VEGF the problem of assessing its functional significance has at-
GAPDH tracted considerable attention and controversy. A number
of recent studies provide evidence to support a biological
100 - : role for tumor aromatasf3-25] Aromatase activity and
gIA“g‘::iedwte aromatase mRNA is higher in tumor bearing quadrants

80 than in normal quadran{26,27] Tumor concentrations of
androstenedione are known to be higher than plasma levels
and contribute to significant in situ tumor estrogen syn-
thesis[5,28,29] Increased aromatase protein is expressed
in tumors compared to normal areas of the breast as in-
dicated by immunohistochemical localizati¢80]. Breast
tumor-specific transcriptional regulation of aromatase gene
has been describg81-33] In addition, breast tumor aro-
matase activity can be correlated with markers of cell pro-
Gl <o .. . Ll liferation such as PCNA11,30] All these studies provide
evidence that locally overexpressed aromatase has a direct

Fig. 5. Effect of letrozole or tamoxifen on the expression of ER, PR,@.GF  biological role in the growth of normal breast tissue and
VEGF in mammary tissues of aromatase transgenic mice. Densitometric breast tumors.

data from RT-PCR analysis (top panel) is used for graphical representation o . . .
after correcting for any difference based on the GAPDH levels. Tissues A\ INtriguing hypOt_he_S_B_ is that _ local estrogen is di-
were harvested immediately after the treatment with letrozole or tamoxifen "€Ctly involved in the initiation of either preneoplastic or

as indicated irSection 2 neoplastic (or both) changes in mammary epithelium. To

6{}L

40
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