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Effects of aromatase inhibitors on proliferation and
apoptosis in eutopic endometrial cell cultures from
patients with endometriosis
Gabriela F. Meresman, Ph.D.,a Mariela Bilotas, M.Sc.,a Verónica Abello, M.Sc.,a
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Martín,” and c Centro de Estudios en Giencología y Reproducción (CEGyR), Buenos Aires, Argentina

Objective: To study the effect of letrozole (Let) and anastrozole (Anas) on apoptosis and cell proliferation in
epithelial endometrial cells (EEC) from patients with endometriosis (EDT).
Design: Prospective study.
Setting: Research institute and clinical fertility center.
Patient(s): Eighteen women with untreated EDT.
Intervention(s): Biopsy specimens of eutopic endometrium were obtained from all subjects. Apoptosis and cell
proliferation were examined in EEC after incubation with Let or Anas.
Main Outcome Measure(s): Percentage of apoptotic cells (ApC) was evaluated by the acridine orange–ethidium
bromide technique; cell proliferation was assessed by 3H-thymidine incorporation.
Result(s): Treatment with Let 10 nM and Let 100 nM enhanced values of ApC in cultures from EDT patients.
Epithelial endometrial cells treated with Anas 100 nM or Anas 500 nM showed a statistically significant induction
on apoptosis levels. Cultures treated with Let 1 nM or Anas 50 nM did not show any significant differences in
ApC levels compared with basal conditions. 3H-Thymidine uptake was down regulated by Let 10 nM and Let
100 nM. Similarly, Anas 100 nM and Anas 500 nM showed a significantly lower degree of cell proliferation in
EEC. Lower concentrations of Let and Anas did not induce any significant change in cell proliferation rates.
Conclusion(s): Our results show that Let and Anas produced a significant and positive effect on apoptosis and cell
proliferation on EEC from EDT patients. These findings support the further investigation of aromatase inhibitors
as a treatment option in EDT. (Fertil Steril� 2005;84:459–63. ©2005 by American Society for Reproductive
Medicine.)
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ndometriosis, defined as the presence of endometrial glands
nd stroma outside the uterine cavity, is a prevalent disease
n women during reproductive years. Although its etiology is
till controversial, the eutopic endometrium has been the
ocus of intensive research because it appears to be the source
f the tissue ultimately responsible for the presence of perito-
eal implants that characterize the pelvic endometriosis (1).

Our group has demonstrated the presence of abnormalities
n the eutopic endometrium from patients with endometrio-
is, mainly manifested by a decreased degree of apoptosis
nd increased cell proliferation, both at the glandular epithe-
ium and stromal levels, in comparison with eutopic endo-
etrium from patients without the disease (2, 3).

Because endometriosis is an E-dependent disorder, aro-
atase expression in the eutopic endometrium as well as in
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he endometriotic implants would be of paramount impor-
ance in the development and growth of endometriosis (4).

Aromatase p-450 is the key enzyme for E biosynthesis,
ecause the conversion of androstenedione and T to estrone
nd E2 is catalyzed by aromatase. Bulun et al. (5) described
he aromatase activity expressed in the human ovary as well
s in extraglandular sites; this group also reported on the
ocal E production by aromatization of androgens, which in
urn activates the cyclo-oxygenase type 2 enzyme to produce
rostaglandin E2 from arachidonic acid. Prostaglandin E2

as been shown to be one of the most potent inducers of
romatase activity in endometriotic stromal cells (5, 6),
stablishing a positive feedback loop in favor of continuous
formation in endometriosis lesions.

Aromatase expression is consistently found in endometri-
sis lesions and in the eutopic endometrium from patients
ith endometriosis, whereas it is absent in eutopic endome-

rium from patients without the disease (5, 6). Recently,
heenadayalu et al. (7) evaluated the expression of aro-
atase p-450 mRNA by using RT-PCR and reported that a

mall percentage of patients with endometriosis do not show

romatase activity in the eutopic endometrium, and con-
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ersely, a small percentage of patients without endometriosis
how expression of the enzyme at the endometrial level.

Takayama et al. (8) first reported on the therapeutic role of
he aromatase inhibitor anastrazole in the successful treat-
ent of a postmenopausal patient with an endometriotic

elvic mass (after total abdominal hysterectomy and bilateral
alpingo-oophorectomy) that had failed to respond to other
orms of medical therapy commonly used for endometriosis.

ore recently, Ailawadi et al. (9) reported on the use of
nother aromatase inhibitor, letrozole, combined with nor-
thindrone acetate in patients with endometriosis, showing
n effective resolution of the endometriosis lesions as doc-
mented by posttreatment laparoscopy.

Given the significance of aromatase activity in the E
roduction cycle described above, in endometriosis lesions,
nd in the eutopic endometrium from patients with endome-
riosis, our objective in this study was to evaluate the in vitro
ffects of the potent aromatase inhibitors letrozole and anas-
razole, nonsteroidal reversible competitive inhibitors, on the
roliferation and apoptosis in epithelial endometrial cell
ultures obtained from eutopic endometrial biopsies in pa-
ients with endometriosis.

ATERIALS AND METHODS
atients
total of 18 patients who underwent diagnostic laparoscopy

nder general anesthesia participated in this study: all of
hem had untreated endometriosis (stages I and II). Deter-
ination of the stage of the disease was performed according

o the revised American Fertility Society classification (10).
ll patients in the study were infertile, showed regular
enstrual cycles, and had not received any hormonal med-

cal treatment for endometriosis during the previous 6
onths. Biopsy specimens of eutopic endometrium were

btained with a Novak curette (Bioteque America, Inc.,
anghorne, PA) from all subjects during the proliferative
hase, as described elsewhere (2).

This study was approved by the Ethics and Research
ommittee of the Biology and Experimental Medicine Insti-

ute, and all subjects included in the study signed informed
onsents.

ndometrial Cell Cultures
he tissue was immediately placed into culture medium and
as processed within 60 minutes after collection. Epithelial

ells were enzymatically separated, isolated by successive cen-
rifugation, and primary cultures were established for in vitro
tudies on implantation by using a modification of a method
escribed by Bongso et al. (11) and Meresman et al. (12).

Briefly, the explant was minced, washed, and placed in
asic medium (MEM D-Val; Gibco, Paisley, United King-
om) containing 100 IU/mL of penicillin, 100 �g/mL of

treptomycin, and 25 �g/mL of amphotericin B (Gibco) with t

460 Meresman et al. Aromatase inhibition and endometrios
mg/mL of collagenase (Gibco, type I). After 2 hours’
ncubation at 37°C in an atmosphere of 5% CO2, the result-
ng suspension was processed by centrifuge at 100 � g for 5
inutes. The pellet containing glands was resuspended in

utrient medium and spun again at 100 � g for 5 minutes.
he final pellet mainly contained epithelial cells. After a
-hour incubation, the medium containing enriched epithelial
ells was removed and plated in fresh medium. The cells were
ultured in quadruplicate for each patient, with 10% fetal bo-
ine serum (FBS, Gibco).

Epithelial cell cultures were left undisturbed at 37°C for 2
ays. Subsequently, the cells were washed and incubated
ith 2.5% FBS medium for 48 additional hours.

ell Proliferation Assay
ifty thousand epithelial endometrial cells were plated in
6-microwell plates and incubated with 10% FBS medium.
fter 48 hours’ incubation, the cells were washed, and
ifferent agents were added to supplemented 2.5% FBS
edium: letrozole (Femara; Novartis, Basel, Switzerland) in

oncentrations of 0.1, 1, 10, and 100 nM and anastrozole
Arimidex; Astra Zeneca, Cheshire, United Kingdom) in
oncentrations of 1, 10, 50, 100, and 500 nM. The cells were
ncubated with the agents for 48 additional hours.

Twenty-four hours before harvesting, 1 �Ci 3H-thymidine
Nen, Dupont, Boston, MA) was added to each microwell,
nd DNA synthesis was assessed by 3H-thymidine incorpo-
ation with a liquid scintillation counter (13).

poptosis Assay
he percentage of apoptotic cells was assessed by the acri-
ine orange–ethidium bromide technique (12) in endome-
rial cultures at basal conditions and after exposure to letro-
ole (1, 10, and 100 nM) or anastrozole (50, 100, or 500 nM).

Acridine orange is a vital dye that is excluded from viable
ells. It is specific for apoptotic forms of cell death and does
ot significantly label cells undergoing necrotic death caused
y injury (14). After addition of the acridine orange (4
g/ml)–ethidium bromide (4 �g/ml) mix, the cells were
bserved under fluorescence microscopy, and the apoptotic
ells were counted and expressed as a percentage of the total.

tatistics
tatistical comparisons were performed by Kruskal-Wallis
onparametric analysis of variance (ANOVA) test, followed
y Dunn’s multiple comparison test. Regardless of the sta-
istical test, only a P value of �.05 was considered signifi-
ant.

ESULTS
ffects of Aromatase Inhibitors on Epithelial Cell
roliferation
he effects of different concentrations of letrozole on epi-
helial cell proliferation are displayed in Figure 1. We found

is Vol. 84, No. 2, August 2005
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hat in endometrial cultures from patients with endometrio-
is, letrozole at low concentrations had no effect on basal
NA synthesis: 102.3% � 6.9% and 99.7% � 6.9% in

etrozole 0.1 nM– and 1 nM–stimulated cultures, respec-
ively (results expressed as a percentage of basal conditions,
�.05, not statistically significant).

In contrast, after exposure to higher concentrations of
etrozole, the epithelial endometrial cultures showed a sig-
ificantly lower degree of cell proliferation: 64.4% � 10.7%
n letrozole 10 nM–stimulated cultures (P�.05 vs. basal) and
8.2% � 10.2% in letrozole 100 nM–stimulated cultures
P�.001 vs. basal). The results also are expressed as a
ercentage of basal conditions (Fig. 1).

In endometrial cultures from endometriosis patients, 3H-
hymidine uptake was down-regulated by anastrozole 100
M and 500 nM: 47.3% � 9.7% and 36.0% � 7.2%,
espectively, expressed as a percentage of basal conditions
P�.01 and P�.001 vs. basal, respectively; Fig. 2). Lower
oncentrations of anastrozole had no significant effect on
asal cell proliferation: 89.8% � 7.1%; 73.5% � 9.6%, and
5.0% � 9.9% in anastrozole 1 nM, 10 nM, and 50 nM–
timulated cultures, respectively (P�.05, not significant;
ig. 2).

ffects of Aromatase Inhibitors on Epithelial Cell
poptosis
xposure to letrozole 10 nM and 100 nM significantly in-

FIGURE 1

Effects of letrozole on cell proliferation in
endometrial cell cultures from subjects with
endometriosis. Epithelial cell cultures from patients
with endometriosis were analyzed for cell
proliferation by 3H-thymidine incorporation after
exposure to increasing concentrations of letrozole.
Values are expressed as percentage of basal cell
proliferation set as 100% (without letrozole).
*P�.05 vs. basal; **P�.001 vs. basal.

Meresman. Aromatase inhibition and endometriosis. Fertil Steril 2005.
reased the level of apoptosis in cultures from patients with

ertility and Sterility�
ndometriosis. Letrozole 10 nM showed an effect on endo-
etrial growth, enhancing apoptosis in endometrial cultures

rom patients with endometriosis from 14.6% � 1.9% to
4.6% � 6.7% (expressed as percentage of apoptotic cells,
�.05 vs. basal), and letrozole 100 nM from 14.6% � 1.9% to
5.3% � 6.9% (P�.001 vs. basal; Fig. 3). In contrast,
etrozole 1 nM had no effect on basal apoptosis: 21.3% �
.3% (P�.05 vs. basal, not significant; Fig. 3).

Anastrozole, 100 nM and 500 nM, showed a significant
ffect on endometrial apoptosis, enhancing the apoptosis
evels from 17.5% � 1.4% to 41.9% � 6.9% (P�.05 vs.
asal) and from 17.5% � 1.4% to 53.8% � 7.9%, respec-
ively (expressed as percentage of apoptotic cells, P�.001
s. basal). In contrast, anastrozole 50 nM had no significant
ffect on basal apoptosis: 31.0% � 2.9% (P�.05 vs. basal,
ot significant; Fig. 4).

ISCUSSION
fter the significant role of aromatase in the pathophysiol-
gy in endometriosis was explored and reported by Bulun et
l. (5, 6) and Takayama et al. (8), other investigators focused
n different aspects of this association. A recent study by
azleabas et al. (15) showed in experimentally induced en-
ometriotic lesions in baboons that the expression of aro-
atase was consistently found in endometriosis lesions as
ell as in eutopic endometrium 10 months after the disease
as surgically established (15). There is a body of experi-

FIGURE 2

Effects of anastrozole on cell proliferation in
endometrial cell cultures from subjects with
endometriosis. Epithelial cell cultures from patients
with endometriosis were analyzed for cell
proliferation by 3H-thymidine incorporation after
exposure to increasing concentrations of
anastrozole. Values are expressed as percentage
of basal cell proliferation set as 100% (without
anastrozole). ***P�.01 vs. basal. **P�.001 vs.
basal.
Meresman. Aromatase inhibition and endometriosis. Fertil Steril 2005.
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ental evidence demonstrating the significance of aromatase
xpression in the initiation and growth of endometriosis
5–7, 16).

Zeitoun and Bulun (16) demonstrated that aromatase was
key molecule in the pathophysiology of endometriosis and

hat its inhibition may become a novel therapeutic strategy in
he future through a more direct mechanism on the lesion
tself, rather than by an indirect effect as commonly seen in
edical therapy for endometriosis working mainly by creat-

ng a hypoestrogenic state (16).

The first report on aromatase inhibition in humans was
hat of Takayama et al. (8) in a menopausal patient. More
ecently, Razzi et al. (17) reported on using aromatase inhi-
ition in a case of a young ovariectomized woman with
ndometriosis. In addition, Ailawadi et al. (9) published a
ilot study on the successful treatment of endometriosis with
combination of letrozole and norethindrone acetate.

In this study, epithelial cell cultures of eutopic human
ndometrium were used in a model to evaluate cell prolif-
ration and apoptosis in response to the addition of aro-
atase inhibitors. Although the cells employed in this in-

estigation were not derived from endometriotic implants
nd their in vitro response may not be identical, the rationale
or the use of endometrial cells in short-term culture as a
odel for endometriotic implants has been described else-
here. This in vitro model allows to establish a correct paral-

FIGURE 3

Effects of letrozole on apoptosis in endometrial
cell cultures from subjects with endometriosis.
Epithelial cell cultures from patients with
endometriosis were analyzed for apoptosis by the
acridine orange–ethidium bromide technique at
basal conditions and stimulated with letrozole in
increasing concentrations. Values are expressed
as percentage of apoptotic cells. The cells were
viewed with a fluorescence microscope and the
apoptotic cells were counted as a percentage of
the total. *P�.05 vs. basal. **P�.001 vs. basal.

Meresman. Aromatase inhibition and endometriosis. Fertil Steril 2005.
elism with the endometriotic lesion performance (18, 19).

462 Meresman et al. Aromatase inhibition and endometrios
The results in our study support the role of aromatase
-450 inhibition in endometriosis, because the enzyme inhi-
ition with letrozole or anastrozole was able to significantly
uppress endometrial cell proliferation and increase the de-
ree of apoptosis in epithelial endometrial cell cultures ob-
ained from eutopic endometrial biopsies in endometriosis
atients. Given the fact that aromatase p-450 overexpression
lso is consistently found in endometriosis lesions, it is
empting to speculate that similar findings in favorable tissue
uppression and increased apoptosis can be expected to
ccur with aromatase inhibition in endometriosis lesions.

Kudoh et al. (20) and Fang et al. (21) demonstrated the
ffective role of aromatase inhibition in experimental endo-
etriosis in rodents. In addition, there are preliminary data

n humans that indicate that aromatase inhibition may be a
ovel therapeutic strategy in premenopausal patients (9) as
ell as in postmenopausal patients (8) with endometriosis.

Our findings, under in vitro culture conditions, are in
greement with those reported by Thiantanawat et al. (22) on
uman breast cancer cells. These investigators showed that
romatase inhibition in vitro produced a consistent growth
uppression and cell cycle arrest, as well as an increase in
poptotic index, demonstrating correlating changes in pro-
poptotic proteins (increased Bax expression) and anti-
poptotic proteins (decreased Bcl-2 expression). They also
re in agreement with the findings of Mitropoulou et al. (23),

FIGURE 4

Effects of anastrozole on apoptosis in endometrial
cell cultures from subjects with endometriosis.
Epithelial cell cultures from patients with
endometriosis were analyzed for apoptosis by the
acridine orange–ethidium bromide technique at
basal conditions and stimulated with anastrozole
in increasing concentrations. Values are expressed
as percentage of apoptotic cells. The cells were
viewed by a fluorescence microscope and
counted the apoptotic cells as percentage of the
total. *P�.05 vs. basal. **P�.001 vs. basal.
Meresman. Aromatase inhibition and endometriosis. Fertil Steril 2005.
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ho in a similar in vitro system showed that aromatase
nhibition with letrozole significantly suppressed the endog-
nous aromatase-induced proliferation of human epithelial
reast cancer cells.

In summary, our study showed that aromatase inhibition,
ith a potent third-generation nonsteroidal compound in
itro, significantly decreased cell proliferation and increased
he levels of apoptosis in eutopic endometrial cell cultures
rom patients with endometriosis. These data support the
urther investigation of aromatase inhibition as a novel ther-
peutic modality in endometriosis.
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