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P450 aromatase catalyzes the conversion of androgens to
estrogens and plays a key role in the cell growth of hormone-
dependent breast cancer in postmenopausal women. On the
other hand, matrix metalloproteinases (MMPs), which can
degrade almost all components of the extracellular matrix,
play a crucial role in tumor cell invasion and cancer metas-
tasis. In the present study the effect of letrozole on cell
proliferation of estrogen receptor (ER)-positive MCF-7 hu-
man epithelial breast cancer and MCF-12A human mam-
mary epithelial cells was studied. The effect of letrozole on
the in vitro release of MMPs, particularly type IV collagenases
(MMP-2 and MMP-9), by the ER-positive MCF-7 cells was also
investigated, using a solid-phase method of high sensitivity
and accuracy. Using RNA isolates from cell lines MCF-7 and
MCF-12A, reverse transcriptase-polymerase chain reaction
analysis revealed that only MCF-7 cells express the P450
aromatase gene. Study of the effects of letrozole alone and
the hormones 17-�-estradiol, testosterone and 4-andro-
stene-3, 17-dione in the presence and absence of letrozole on
cell growth at the DNA synthesis level showed that letrozole
significantly suppressed the endogenous aromatase-induced
proliferation of MCF-7 cells. The majority of MMPs secreted
by MCF-7 cells were identified in their pro-forms, which was
in accordance with the low metastatic potential determined
for these cells. After treatment of cells with letrozole (10 nM)
for 24 and 48 h, significant inhibition of MMP levels was
obtained. Furthermore, concurrent treatment of MCF-7 cells
with 17-�-estradiol in the presence of letrozole significantly
suppressed the estradiol-induced stimulation of MMP levels.
The data obtained suggest that letrozole is a potent in vitro
inhibitor of cell proliferation and of type IV collagenases
expressed by ER-positive MCF-7 cells and may be of value for
suppressing breast tumor growth and invasiveness.
© 2003 Wiley-Liss, Inc.
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Breast cancer is the most common cancer in women; it affects 1
in 12 women, and approximately 44,000 women die each year in
the United States from this disease.1 Invasiveness and metastatic
spread of breast cancer cells are responsible for most of the
morbidity and mortality associated with the disease. They are
considered the primary causes of cancer treatment failure and
mortality, even though the cancer cells are responsive to hormonal
manipulation and chemotherapy.2 Invasion is responsible for the
dissemination of neoplastic tissue into contiguous normal tissues
and is essential for both the intravasation and extravasation steps
of the metastatic cascade.3 Metastasis, the process by which tumor
cells travel from the primary tumor to a distant site via the
circulatory system and establish a secondary tumor,4 is a complex
cascade of organized, sequential and interrelated steps, including
angiogenesis, local invasion, intravasation and extravasation.2
Molecules involved in these steps include growth and mobility
factors, adhesion molecules, angiogenic stimuli, coagulation fac-
tors and proteinases.5

The degradation of extracellular matrix (ECM) by neoplastic
cells, which involves a cascade of proteolytic enzymes, is a pre-

requisite for invasion and the formation of tumor metastasis by the
malignant cells.6–9 The ECM generally consists of at least 50
different proteins, which provide a framework of tissue throughout
the body.10 In the breast, the basement membrane, which is a
specialized form of the ECM, surrounds epithelial cells and other
cell types and is primarily composed of laminin, type IV collagen,
hyaluronan and proteoglycans (PGs). The interstitial matrix of
breast tissue is composed primarily of collagen I and fibronectin.11

The role of the ECM appears to be more complex than simply
providing physical structure to the tissue.12 Thus, altered expres-
sion of effective matrix macromolecules by cancer cells is related
to tumor growth, invasive properties and metastatic potential.
Differential synthesis of PGs and hyaluronan in stroma and epi-
thelial cells has been related to breast tumorigenesis and prolifer-
ation, differentiation and the invasive properties of human epithe-
lial breast cancer. Furthermore, inhibition of PG synthesis
abolishes the hormone-induced conversion of testosterone to es-
trogens by aromatase. Tumor cells can release metalloproteases
(MMPs) that degrade the matrix macromolecules and therefore
invade tissue barriers, blood vessels and the lymph channel wall.
Modulation of MMP synthesis by cell-cell contact has been sug-
gested to be a crucial event for enhancing the ability of breast
cancer cells to invade the bone marrow fibroblasts.13

The growth of many breast cancers depends on hormones. The
concentration of estrogens in breast tumor tissue is several-fold
greater than concentrations in plasma of postmenopausal women.14

Expression of the P450 enzyme aromatase, which converts the
androgens (androstenedione and testosterone) to estrogens, in
breast cancer epithelial cells and stromal cells15–19 suggests that in
situ synthesis of estrogens plays a role in tumor formation. Binding
of estrogens to receptors in hormone-dependent breast tumors
stimulates their growth,20 and therefore the primary aims of hor-
monal therapy involve either blocking estrogen from reaching the
cancer cell (by anti-estrogens) or inhibition of estrogen biosynthe-
sis (by aromatase inhibitors). The conversion of androgens to
estrogens by aromatase is the most crucial inhibition step in the
estrogen synthesis pathway. Irreversible steroidal agents, such as
exemestane and formestane, inactivate the enzyme, whereas re-
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versible nonsteroidal inhibitors, such as letrozole and anastrozole,
actively decrease the amount of circulating estrogens. Further-
more, letrozole has been shown to suppress the intratumoral levels
of estrogens significantly and also to leave the lowest levels of
residual active aromatase.21

The estrogen receptor (ER)-positive MCF-7 cell line is a model
breast cancer cell line often used to demonstrate the estrogen
dependence of breast cancer growth.20 Zhou et al.22 reported that
the aromatase gene is amplified in MCF-7 cells. Kitawaki et al.23

showed that the endogenous aromatase in the MCF-7 breast cancer
cells stimulates DNA synthesis by converting androgens to estro-
gens. Furthermore, Burak et al.24 demonstrated that androgen
elicited an estrogen-induced response in MCF-7 cells through
aromatase. These data suggested that the aromatase expressed in
MCF-7 cells—in spite of its relatively low activity—is capable of
producing estrogen to evoke the estrogen-dependent response. It
is, therefore, of importance to examine whether aromatase inhib-
itors are capable of suppressing MCF-7 breast cancer cell growth.

Comparative clinical trials have —shown that third-generation
inhibitors offer superior efficacy over progestins.25 In addition,
recent studies have proved the superiority of letrozole over tamox-
ifen in first-line therapy.26–28 The antimetastatic potential of ta-
moxifen has been attributed at least in part to the decrease in
attachment of tumor cells to matrix laminin. Since studies to
determine whether third-generation aromatase inhibitors are supe-
rior to tamoxifen in adjuvant setting are in progress, it is of
importance to investigate whether letrozole, which is the most
potent aromatase inhibitor, affects the invasion and metastatic
properties of breast cancer cells by examining the expression of
MMPs. In our study we examined the expression of the aromatase
gene by MCF-7 and MCF-12A cells and the effects of letrozole on
the cell proliferation of MCF-7 ER-positive epithelial breast can-
cer cells in the presence and absence of the exogenous stimuli
estradiol and androstenedione as well as on the levels of MMP-2
and -9.

MATERIAL AND METHODS

Materials
FBS, donor horse serum, EMEM, DMEM/Ham’s F12 medium

(1:1), sodium pyruvate, sodium bicarbonate, L-glutamine, nones-
sential amino acids, penicillin, streptomycin, amphotericin B and
gentamycin were all obtained from Biochrom (Berlin, Germany).
[Methyl-3H]thymidine was supplied by Amersham (Bucks, UK).
Insulin, epidermal growth factor, cholera toxin, hydrocortisone,
17-�-estradiol, testosterone, 4-androstene-3,17-dione and p-amino-
phenylmercuric acetate (APMA) were obtained from Sigma
(Steinhelm, Germany). MMP-2 and MMP-9 were obtained from
Chemicon (Harrow, UK). Letrozole was supplied by Novartis
(Basel, Switzerland). Letrozole, 17-�-estradiol, testosterone and
4-androstene-3,17-dione were dissolved in absolute ethanol and
used in cell cultures upon dilutions in culture media (final ethanol
concentration less than 0.1%). All other chemicals used were of
the best commercially available grade.

Cell cultures
MCF-7 (HTB 22; human breast adenocarcinoma, ER-positive)

and MCF-12A (CRL-10782; human mammary epithelial cells,
ER-positive) cell lines were obtained from the American Tissue
Culture Collection (Rockville, MD). Cells were routinely grown at
37°C in a humidified atmosphere of 5% (v/v) CO2. MCF-7 cells
were cultured in EMEM supplemented with 10% FBS, 2 mM
L-glutamine, 1.0 mM sodium pyruvate, 1.5 g/L sodium bicarbon-
ate, 0.1 mM nonessential amino acids, 0.01 mg/mL insulin and a
cocktail of antimicrobial agents (100 IU/mL penicillin, 100 �g/mL
streptomycin, 10 �g/mL gentamicin sulfate and 2.5 �g/mL am-
photericin B). MCF-12A cells were grown in DMEM/Ham’s F12
(1:1) medium containing 5% horse serum, 20 ng/mL epidermal
growth factor, 100 ng/mL cholera toxin, 10 �g/mL insulin, 500
ng/mL hydrocortisone and the above-mentioned cocktail of anti-

microbial agents. Control flasks were dosed with 0.1% ethanol.
Culture medium was changed every 3 days, and the cultures were
not left to become confluent. Cells were harvested by trypsiniza-
tion with 0.05% (w/v) trypsin in PBS containing 0.02% (w/v)
Na2EDTA. Cell numbers were measured by using a Coulter par-
ticle-counter (Hialeah, FL).

RT-PCR
Total RNA was extracted from MCF-7 and MCF-12A cells

using the SV Total RNA Isolation System (Promega, Mannheim,
Germany), according to the manufacturer’s instructions. Total
RNA (1 �g) was reverse-transcribed using the Qiagen� OneStep
RT-PCR Kit (Qiagen, Hilden, Germany) as described by the
manufacturer, using the primers for the aromatase gene bracketed
bases 1215–1507 (293 bp PCR product) of the human sequence.29

The primer sequences were 5�-1215GAA TAT TGG AAG GAT
GCA CAG ACT1238-3� and 5�-1507GGG TAA AGA TCA TTT
CCA GCA TGT1484-3� (Qiagen-Operon, Hilden, Germany). Am-
plification of the housekeeping gene glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was performed according to the method
of Dobra et al.,30 using the following upstream and downstream
primers for GAPDH: ACA TCA TCC CTG CCT CTA CTG G and
AGT GGG TGT CGC TGT TGA AGT C, respectively. Amplifi-
cation was performed on a Perkin-Elmer (Oak Brook, IL) 2400
GeneAMP PCR System through 35 PCR cycles using the follow-
ing temperature profile: 60°C, 30 sec (primer annealing); 72°C, 1
min (primer extension); and 94°C, 30 sec (denaturation). An
additional extension cycle was performed for 10 min at 72°C
before the reaction mixture was cooled to 4°C. The PCR products
were resolved on a 2% agarose gel and visualized by Gel Star�
stain (BioWhittaker, Rockland, ME). Images were saved as a TIF
file and analyzed using the program UNIDocMv version 99.03 for
Windows (UVI Tech, Cambridge, UK).

Measurement of DNA synthesis
To evaluate the effects of letrozole and the exogenously added

17-�-estradiol, testosterone and 4-androstene-3,17-dione on cell
proliferation, cells were seeded into 96-well plates at a density of
5 � 103 cells per well. One day after plating, new medium (100
�L) containing 0.1 �Ci/mL [methyl-3H]thymidine (100 Ci/mmol)
was added in the presence or absence of letrozole, 17-�-estradiol,
4-androstene-3,17-dione or testosterone at final concentrations of
0.1, 1, 10 and 100 nM for letrozole, 0.01, 0.1, 1, 10, 20, 100 and
200 nM for 17-�-estradiol, 0.1, 1, 10, and 100 nM for 4-andro-
stene-3,17-dione and 1, 10 and 100 nM for testosterone. Then, 48 h
later, the culture medium was aspirated and the cells were washed
with PBS and fixed with ice-cold trichloroacetic acid (5% w/v) for
10 min. The culture plates were then washed extensively under
running tap water and air-dried. DNA was solubilized by the
addition of 0.2 mL of 1% (w/v) SDS in 0.3 M NaOH under
continuous shaking. After 15 min the lysates were transferred into
vials containing 2 mL of ready safe scintillation cocktail (Lumac-
LSC, Groningen, The Netherlands) and subjected to scintillation
counting.31

Determination of MMP-2 and MMP-9 levels
The matrix metalloproteinases MMP-2 and MMP-9 (gelatinases

A and B, respectively, or type IV collagenases) secreted into the
cell culture media were determined using a solid phase assay
(Chemicon). This assay utilizes a biotinylated gelatinase substrate,
which is cleaved by active MMP-2 and MMP-9 (gelatinase) en-
zymes. The remaining biotinylated fragments are then added to a
biotin-binding 96-well plate and detected with a streptavidin-
enzyme complex. This enzyme solid phase assay can be used for
determination of the total active forms of MMPs -2 and -9, without
distinguishing MMP-2 from MMP-9. For this reason determina-
tion of active and total MMPs was carried out in the culture
medium before and after exogenous activation, respectively. Ac-
tivation of pro-MMP-2 and pro-MMP-9 was carried out by incu-
bation of their pro-forms at 37°C for 30 min and 2 h, respectively,
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using a solution of p-aminophenylmercuric acetate at a final con-
centration of 0.5 mM in the assay buffer 50 mM Tris-HCl, pH 7.6,
containing 150 mM NaCl, 5 mM CaCl2, 1 �M ZnCl2 and 0.01%
(v/v) Brij-35. Levels of MMPs were estimated by measuring the
absorbance at 450 nm, using a standard curve constructed by
plotting absorbance versus known amounts of MMPs.

Statistical analysis
In all experiments, the mean values � standard deviations (SD)

for six determinations in triplicate were calculated. Statistically
significant differences were evaluated using Student’s t-test
(GraphPad InStat version 3.0 Software). Differences were consid-
ered statistically significant at the level of p � 0.01.

RESULTS

RT-PCR analysis of RNA isolated from MCF-7 and
MCF-12A cells

In our study we first applied the primer-directed RT-PCR to
examine the expression of mRNA encoded for aromatase in both
epithelial cell lines tested. As shown in Figure 1, breast cancer
epithelial MCF-7 cells exhibited a distinct band at 293 bp. This
size is characteristic for the aromatase PCR product, and it is
therefore concluded that MCF-7 cells express the aromatase
mRNA. Normal epithelial MCF-12A cells do not express any
aromatase mRNA.

Effect of letrozole on MCF-7 and MCF-12A cell growth
To examine the effect of letrozole on the growth of MCF-7 cells,

they were treated in the absence and presence of letrozole for 24,
48 and 96 h, and the number of cells was determined. A doubling
time of �72 h was estimated. As shown in Figure 2, this aromatase
inhibitor significantly inhibited growth of the MCF-7 epithelial
breast cancer cells in a dose-dependent way, even at the very low
concentrations tested (0.1 nM). The effect of letrozole was found
to be time-dependent since longer culture (48 and 96 h) in the
presence of inhibitor resulted in significantly higher inhibitory
effects. It is worth noting that treatment of normal MCF-12A
epithelial cells with letrozole did not affect their growth even when
high letrozole concentrations (100 nM) or prolonged culture times
(96 h) were tested (not shown).

Effects of hormones and letrozole on MCF-7 and MCF-12A
cell proliferation

The effects of 17-�-estradiol, testosterone and 4-androstene-
3,17-dione on the proliferation of the ER-positive MCF-7 and
MCF-12A cells at the DNA level were studied after incubation for

48 h. As shown in Figure 3a, the MCF-7 cells responded to
hormones in a pattern dependent on their type and concentration.
17-�-Estradiol significantly stimulated the proliferation of MCF-7
cells in a bell-shaped dose-dependent mode, i.e., up to the con-
centration of 20 nM 17-�-estradiol significantly stimulated cell
proliferation, whereas above this concentration lower stimulatory
effects were observed. On the other hand, testosterone and 4-an-
drostene-4,17-dione exhibited a different stimulatory pattern of
action. They significantly increased the proliferation of MCF-7
cells in a dose-dependent way. After concurrent treatment of
MCF-7 cells with 17-�-estradiol (0.01, 0.1, 1, 10, 20, 100 and 200
nM) in the presence of letrozole (10 nM), it was found that the
stimulatory effects of estradiol remained unaltered (not shown).
However, as shown in Figure 3b, letrozole (10 nM) significantly
suppressed the stimulatory effects of 4-androstene-3,17-dione (0.1,
1, 10 and 100 nM) or testosterone (1, 10 and 100 nM) on MCF-7
cell proliferation.

The effects of 17-�-estradiol and 4-androstene-3,17-dione on
the proliferation of normal MCF-12A human epithelial cells are
shown in Figure 3C. As expected, 17-�-estradiol stimulated pro-
liferation of the ER-positive MCF-12A cells in a dose-dependent
way. However, 4-androstene-3,17-dione had an opposite stimula-
tory effect: the higher the concentration, the lower the stimulatory
effect on cell proliferation. Concurrent treatment of MCF-12A
cells with 17-�-estradiol (0.1, 1, 10, 20, 100 and 200 nM) or
4-androstene-3,17-dione (0.1, 1, 10 and 100 nM) and letrozole had
no effect on the stimulatory patterns of both hormones (not
shown).

Effects of letrozole on levels of MMP-2 and -9 of MCF-7 cells
Direct determination of MMPs by the solid phase assay used in

culture medium of MCF-7 cells showed that they contained very
low amounts of active MMPs. However, activation by the addition
of APMA indicated that MMPs are mainly secreted into the culture
medium as their pro-forms. The levels of MMPs secreted into the
culture medium vary in a mode dependent on both the presence of
letrozole and the time of treatment: the higher the time of treatment
with letrozole, the higher the suppression of MMPs (Fig. 4).
Administration of 17-�-estradiol (0.2 and 2 nM) to the MCF-7
cells in the absence of letrozole increased the levels of secreted
MMPs in a dose-dependent mode: the higher the 17-�-estradiol
concentration, the higher the level of MMPs secreted into the
medium. Concurrent administration of 17-�-estradiol with letro-
zole (10 nM) decreased the stimulatory effect of the enzymatic
activity released by estradiol (Fig. 4).

FIGURE 1 – Expression of P450 aromatase mRNA in MCF-7 and
MCF-12A cells. Total RNA was isolated using the SV Total RNA
isolation system (Promega). RT-PCR was performed using the aro-
matase gene bracketed bases 1215–1507 and GAPDH as the reference
gene. M indicates the DNA size markers.

FIGURE 2 – Effects of letrozole on cell growth of MCF-7 epithelial
breast cancer cells. After attachment to 75 mm flasks, cells were
cultured for 24, 48 and 96 h in the absence (control) and presence of
letrozole at final concentrations of 0.1, 1, 10 and 100 nM. Cell growth
was evaluated by measuring the number of cells. Numbers on the
histograms indicate the percent inhibition compared with respective
controls (*p 	 0.01).
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DISCUSSION

In this study we showed that both 17-�-estradiol and androgens
significantly stimulate the growth of ER-positive MCF-7 epithelial
breast cancer cells. The stimulatory effect of 17-�-estradiol on cell
proliferation of ER-positive MCF-7 cells may well be attributed to
its binding to the ER.24 The bell-shaped stimulatory effect of
17-�-estradiol is also in accordance with previous findings by
Lippman et al.32 and Pasqualini and Chetrite.33 Similarly to 17-�-
estradiol, the stimulatory effects of testosterone and 4-androstene-
3,17-dione on the proliferation of MCF-7 and MCF-12A cells

may, at least in part, be attributed to their direct binding to
estrogen/androgen receptors. However, the response of MCF-7
cells to testosterone and 4-androstene-3,17-dione may also be
related to the conversion of these androgens to estrogens by
aromatase, since letrozole, which is a specific aromatase inhibitor,
acts as a potent inhibitor of MCF-7 cell growth and not on the
normal MCF-12A cells. Our data showed that letrozole signifi-
cantly inhibits the growth of MCF-7 cancer cells, even when they
are stimulated with 4-androstene-3,17-dione and testosterone; this
may well be explained by the inhibitory effect of letrozole on
aromatase since we showed that these cells express the mRNA
encoded for P450 aromatase. On the other hand, this inhibitory
effect was not observed for the normal MCF-12A cells, as ex-
pected, since no aromatase was found to be expressed by these
cells.

The cytochrome P450 aromatase responsible for the conversion
of 4-androstene-3,17-dione to estrone or testosterone to 17-�-
estradiol is present in the cytoplasmic domain of estrogen-produc-
ing cells.34,35. In metastatic, hormone-dependent disease, hormonal
therapy can result in response rates of greater than 30%, many of
which are sustained. Therefore, inhibition of aromatase is of great
value since it provides metastatic breast cancer response rates that
approach 30%, even in patients refractory to other forms of endo-
crine therapy.24,36,37

Aromatase activity is detectable at the level of 60–70% in
homogenates of primary and metastatic breast cancers and ac-
counts for the conversion of androgens to estrogens.24,38–42 Al-
though the amount of aromatase in the tumor is thought to be
highest in the stroma, Simpson et al.43 found the highest expres-
sion to be in adipose tissue, specifically in the adipose stromal
fibroblasts. Furthermore, mRNA encoded for aromatase has also
been detected in several breast cancer cell lines.44–47 However,
because of low-level expression, the importance of endogenous
aromatase has been demonstrated only with aromatase-transfected
cells. When breast cancer cells not expressing aromatase were
transfected with the CYP19 aromatase gene, exogenous 4-andro-
stene-3,17-dione- and testosterone-induced increases in cell
growth showed that appreciable estrogen biosynthesis was af-
forded by aromatase.48 Burak et al.24 showed that there is signif-

FIGURE 3 – Effects of hormones and letrozole on cell proliferation of
MCF-7 and MCF-12A cells. (a) Effect of 17-�-estradiol, testosterone
and 4-androstene-3,17-dione on MCF-7 cells. (b) Effect of 4-andro-
stene-3,17-dione in the presence of letrozole on the proliferation of
MCF-7 cells. (c) Effect of 17-�-estradiol and 4-androstene-3,17-dione
on the proliferation of MCF-12A cells. DNA synthesis was estimated
by measuring incorporation of [3H]thymidine after a 48 h incubation in
the presence or absence of hormones and letrozole, at the indicated
concentrations (see Material and Methods). *p 	 0.01.

FIGURE 4 – Suppressive effects of letrozole on the levels of type IV
collagenases (metalloproteinases-2 and MMP-9) secreted into the cul-
ture medium of MCF-7 breast cancer cells. Cells were cultured at 37°C
for 24 and 48 h in the absence (control) and presence of letrozole at a
final concentration of 10 nM. Cells were also cultured in the presence
of 17-�-estradiol (0.2 and 2 nM) as well as after concurrent treatment
with of 17-�-estradiol and letrozole (10 nM). MMPs in the culture
media were determined by a solid phase assay. Numbers on the bars
indicate the percent suppression compared with respective controls
(*p � 0.05).
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icant endogenous estrogen biosynthesis in MCF-7 cells. These
authors also reported that the biologic consequence of the enzy-
matic activity, i.e., conversion of testosterone to 17-�-estradiol, is
obtained with higher concentration of testosterone than the phys-
iologic circulating levels, which are within 1–10 nM, and required
at least 96 h exposure of cells to androgen. Thus, the 17-�-
estradiol formed –binds to the estrogen receptor and affects cell
growth and pS2 response.24 Since the concentration of testosterone
required in order to observe a significant increase in cell prolifer-
ation is higher than the circulating androgen levels, local tumor
concentrations of androgens may be higher and therefore the
concentrations tested resembled those in tissue.

The results obtained in regard to the inhibitory effect of letro-
zole on testosterone- and 4-androstene-3,17-dione-enhanced
MCF-7 cell proliferation suggested that letrozole is a potent in-
hibitor of endogenous aromatase. This enzyme is expressed in
MCF-7 cells and is responsible for conversion of androgens to
estrogens, which in turn stimulate cell proliferation. The higher
stimulatory effect of 4-androstene-3,17-dione compared with 17-
�-estradiol may well be seen because the former acts as both a
receptor ligand and a substrate of aromatase, whereas the latter
exerts its action via the estrogen receptor.

Invasion and metastasis are the most crucial events associated
with the mortality of cancer patients. The ability of breast cancer
cells to degrade the ECM macromolecules is mediated by the
release of proteases and particularly MMPs, which can selectively
break down the basement membrane components and facilitate the
migration and metastasis of primary tumor cells. Searching for
compounds able to alter the proteolytic activity by tumor cells is of
importance for testing novel therapeutic drugs and improving
cancer treatment protocols. Our results, in accordance with those
previously reported by Abbas Abidi et al.49 and Burak et al.24,
demonstrate that the type IV collagenases are released by the
ER-positive MCF-7 cells.

Different MMPs are known to be involved in the migration and
spread of different tumors. However, in the early stages of breast
cancer metastasis, both type IV collagenases are produced.48,50 A
high-affinity cell surface receptor for MMP-2 has been detected on
MCF cells49; therefore, the type IV collagenases might be predom-
inantly associated with the surface membranes of these breast
cancer cells. Release of MMPs by the ER-positive MCF-7 cells
was significantly inhibited by letrozole. The suppressive effect of
letrozole on the levels of MMPs produced by MCF-7 cells is
similar to levels previously observed for the antiestrogens tamox-
ifen and ICI-182,780.49 The addition of exogenous 17-�-estradiol
stimulates the release of MMPs into the culture medium of MCF-7
cells, and concurrent administration of 17-�-estradiol with letro-
zole decreases the stimulatory effect of the released MMPs by
17-�-estradiol. These results indicate that 17-�-estradiol enhances
MMP release upon binding to its cell receptors and that the effect
of letrozole on the release of MMPs, beyond its suppressive action
on endogenous estrogen production by aromatase, may be attrib-
uted to its action on other estrogen-dependent pathways.

The results of our study demonstrate that proliferation of human
epithelial breast cancer cells, which is increased by the exog-
enously administered and/or biosynthesized estradiol after treat-
ment of cells with androgens, is significantly inhibited by letrozole
in a dose-dependent mode. Furthermore, the type IV collagenases
(MMP-2 and -9) released by MCF cells are considerably sup-
pressed by letrozole in a dose-dependent fashion. According to
these data, it is plausible to suggest that treatment of breast cancer
with letrozole may be a great value for suppression of tumor
growth and limiting the metastatic potential of ER-positive breast
cancer cells.
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