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Objective: To evaluate the effects of administering combination oral contraceptives (COCs) to patients with
endometriosis on the regulation of cell growth in the eutopic endometrium.

Design: Prospective study.

Setting: Research institute and clinical fertility center.

Patient(s): Thirteen women with untreated endometriosis and 13 controls.

Intervention(s): Biopsy specimens of the eutopic endometrium were obtained from all subjects. Apoptosis,
cell proliferation, and Bcl-2 and Bax expression were examined at the epithelial and stromal levels in the
eutopic endometrium from patients with endometriosis before and after 30 days of daily exposure to COCs
and from controls.

Main Outcome Measure(s): Apoptotic cells were detected by using the dUTP nick-end labeling assay;
Ki-67, Bcl-2, and Bax expressions were assessed by using immunohistochemical techniques.

Result(s): After exposure to COCs, apoptosis was significantly increased in the eutopic endometrium
compared with before COC administration, both at epithelial and stromal levels. Cell proliferation was
significantly lowered by COCs.

Conclusion(s): COCs showed a positive effect on patients with endometriosis by down-regulating cell
proliferation and enhancing apoptosis in the eutopic endometrium. (Fertil Steril� 2002;77:1141–7. ©2002 by
American Society for Reproductive Medicine.)
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During the menstrual cycle, the human en-
dometrium goes through structural changes
that are regulated by the different levels of sex
steroid hormones. The cell proliferation of the
endometrium is stimulated by 17 �-estradiol,
reaching its maximum level at ovulation time
and then falling because of the effects of P (1).
During menses, the uterine endometrium is
shed in a type of tissue degeneration that in-
volves a process of necrosis as well as apopto-
sis (2).

Apoptosis, or programmed cell death, plays
an important role in the cyclic changes that
take place during the menstrual cycle. This
mechanism is coded genetically and contrib-
utes to the homeostasis of the tissues, estab-

lishing an adequate balance between cell divi-
sion and cell death (3). It has been shown that
apoptosis of the endometrium is regulated by
steroid hormones in different species, such as
rabbits (4), hamsters (5), and monkeys (6).

Hopwood and Levinson showed for the first
time changes in apoptosis of the glandular ep-
ithelium in the human endometrium throughout
the menstrual cycle (2). More recent publica-
tions confirmed the presence of endometrial
apoptosis, mainly in the late secretory phase of
the menstrual cycle (1, 2, 7, 8).

Apoptosis is controlled by the expression of
a number of regulatory genes that include,
among others, the Bc1-2 (B cell lymphoma/
leukemia-2). This proto-oncogen promotes cell
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survival by blocking the apoptosis induced by different stim-
uli (9). The antiapoptotic properties of Bc1-2 depend on its
interaction with a number of powerful antagonistic proteins,
particularly the Bax protein, which antagonizes the survival
activity promoted by Bc1-2. This proto-oncogen (Bc1-2)
should form heterodimers with the Bax protein to exercise its
action, and the relation Bc1-2/Bax predetermines the cells
susceptibility to a given apoptotic stimulant (10).

Endometriosis (EDT), defined as the presence of endo-
metrial tissue outside the uterine cavity, is one of the most
common benign disorders of the female pelvis during repro-
ductive years. Recently, a number of studies reported that the
eutopic endometrium from patients with EDT is ultimately
responsible for the endometriotic implants (11). Recent work
from our laboratory showed an increased survival capability
in the eutopic endometrium from patients with EDT, both at
the epithelial and stromal levels, possibly regulated by an
increased effect of Bc1-2 (8).

Combination oral contraceptives (COCs) have been one
of the treatment options for the medical management of
EDT, especially after surgical ablation, to maintain the status
quo and prevent progression or recurrence (12). They can
also be administered cyclically as a first line of treatment for
EDT-associated pelvic pain (13). Although the histological
effects of COCs on the endometrium have been well studied
(14), their action on the regulation of cell proliferation and
apoptosis on the eutopic endometrium from patients with
EDT is unknown and is the objective of this study.

MATERIALS AND METHODS

Patients
We studied a total of 26 female patients with regular

ovulatory cycles who had not received any medical treat-
ment for EDT in the previous 12 months.

Thirteen patients were diagnosed by laparoscopy as hav-
ing histologically proven EDT. A control group (C) con-
sisted of 13 women who underwent laparoscopic surgery for
pelvic pain (uterine myomas, n � 4; ovarian cysts not related
to EDT, n � 4; and unexplained pelvic pain n � 5) and who
were found to be free of EDT.

This study was approved by the Institutional Review
Board, and all subjects included in the study signed informed
consent forms. Biopsy specimens of the eutopic endome-
trium (cycle days 7–10) were obtained from all subjects
(including controls) as described elsewhere (15). Specimens
were obtained from control patients during the laparoscopic
procedures and from the patients with EDT after 30 days of
daily exposure to COCs (Desogestrel 0.15 mg � Ethynil E2

30 �g daily; Marvelon, Organon Argentina, Bs As, Argen-
tina).

Apoptosis Detection System
Eutopic endometrial tissues were fixed in 10% buffered

formaldehyde. For apoptosis quantification, tissue sections

were processed for in situ immunocytochemical localization
of nuclei exhibiting DNA fragmentation by the technique of
terminal deoxynucleotidyl transferase (TdT)-mediated dUTP
digoxygenin nick-end labeling (TUNEL), using an apoptosis
detection kit (Intergen, Gaithersburg, MD). Sections were
treated according to the manufacturer’s instructions and as
described elsewhere (8).

Briefly, sections were deparaffinized and rehydrated with
xylene and ethanol and permeabilized with 20 �g/mL Pro-
teinase K (Gibco, Grand Island, NY). Endogenous peroxi-
dase was inactivated by coating the samples with 3% H2O2.
Sections were rinsed with PBS and then immersed for 60
minutes in TdT buffer at 37°C. The appropriate dilution of
this enzyme was determined in preliminary experiments. The
sections were incubated for 30 minutes with the anti-digoxy-
genin peroxidase conjugate, followed by the peroxidase sub-
strate (3�-diaminobenzidine tetrahydrochloride [DAB]). Fi-
nally, sections were counterstained with 0.5% (w/v) methyl
green. Sections of female rodent mammary gland obtained
3–5 days after weaning of pups were used as a positive
control. As a negative control, a number of tissue samples
were subjected to treatment without TdT. The number of
apoptotic cells were determined by counting labeled cells at
630� magnification in 30 randomly selected and homoge-
neous fields and expressed as the apoptotic cell mean/field.

Apoptotic cells were identified by their characteristic
morphological features in hematoxylin-eosin–stained endo-
metrial sections. These features included cell shrinkage and
chromatin margination or chromatin condensation with for-
mation of apoptotic bodies (8).

Immunohistochemical Staining
Ki-67 was studied from the same paraffin-embedded sam-

ples as Bcl-2 and Bax on serial sections using an immuno-
histochemical method.

Sections were deparaffinized in xylene and rehydrated
through graded alcohols, followed by microwaving in 0.01
M sodium citrate buffer for antigen retrieval. Endogenous
peroxidase was blocked by treatment with 0.3% hydrogen
peroxide for 30 minutes at room temperature, after which
nonspecific binding was blocked by incubation with normal
rabbit serum. Tissue sections were incubated for 60 minutes
with anti-human Ki-67 rabbit monoclonal antibody (Dako
Ltd., Cambridge, UK), anti-human Bcl-2 mouse monoclonal
antibody (Dako Ltd.), or anti-human Bax rabbit polyclonal
antibody (Dako Ltd.) at 37°C, followed by incubation for 60
minutes with anti–mouse-peroxidase conjugate or anti–rab-
bit-peroxidase conjugate (Dako Ltd.). The Catayzed Signal
Amplification System (Dako Ltd.) was used to amplify the
intensity of Bax staining. Binding was visualized by incu-
bating sections with DAB and lightly counterstaining with
hematoxylin before permanent mounting.

Tonsil tissue was included as a positive control for Bax,
and lymph node tissue as a positive control for Ki-67 and
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Bcl-2. As a negative control, immunoglobulin of the same
immunoglobulin class and concentration as the primary an-
tibody was used. The negative control showed an absence of
specific staining. Ki-67-, Bcl-2-, and Bax-positive cells were
identified by the presence of brown cellular reactivity. Im-
munoreactivity for Ki-67 is only expressed in dividing cells.
The Ki-67 index can therefore be used as a marker of cell
proliferation (1).

The number of cells expressing immunoreactivity for
Ki-67 per 100 cells (Ki-67 index) was established by two
independent observers using a standard light microscope.
The total number of cells in 30 representative fields was
counted separately in glandular epithelium and stroma. Any
nuclear staining was regarded as positive, and no grading of
staining intensity was done. There was no significant differ-
ence in results between the two observers (P�.63).

The intensity of Bcl-2 and Bax staining was assessed in a
blind fashion at 400� magnification by two independent
observers whose results were concordant. A semiquantitative
assessment method was used as described elsewhere (8, 16).
Each observer viewed multiple randomly selected fields (n
� 30) of each tissue specimen and scored their staining
intensity by grades. The intensity of staining was scored as
(�) negative, (�) weakly positive, (��) positive, and
(���) strongly positive. The advantage of this method
consists in its precise localization of the protein on the
endometrial section, while at the same time enabling a cor-
relation between the presence of apoptotic cells measured by
the TUNEL method and Bcl-2/Bax expression.

Statistics
Statistical comparisons were performed by Kruskal-Wal-

lis nonparametric analysis of variance, followed by Dunn’s
multiple comparison test. Regardless of the statistical test,
only P�.05 was considered statistically significant.

RESULTS

Ki-67 Expression in the Eutopic
Endometrium

The endometrial tissue at the epithelial (EP) and stromal
(ST) levels from patients with EDT showed a significantly
higher degree of cell proliferation in comparison with con-
trols (10.2 � 4.3 vs. 2.0 � 0.8, respectively, in EP, Fig. 1A;
and 20.2 � 6.4 vs. 6.0 � 2.5, respectively, in ST, P�.001,
Fig. 1B and Fig. 3A).

After exposure to COCs, the histological observation
revealed an endometrial transformation toward atrophic
changes, with scanty proliferation and with few glands. This
morphologic appearance correlated with results in the Ki-67
index; after COC administration, we observed a significantly
lower degree of cell proliferation compared with before
COC administration at the EP and ST levels (3.0 � 1 vs.
10.2 � 4.3 in EP and 9.2 � 2.3 vs. 20.2 � 6.4 in ST, P�.05)
(Fig 1).

We observed a normalization in cell proliferation by the
Ki-67 index in EDT after COC, since the values were not
significantly higher than in controls (3.0 � 1 vs. 2.0 � 0.8,
respectively, in EP and 9.2 � 2.3 vs. 6.0 � 2.5, respectively,
in ST, P�.05) (Fig 1).

Apoptosis in the Eutopic Endometrium
There was a significantly lower level of apoptosis in

patients with EDT in comparison with controls (0.9 � 0.3 vs.
3.4 � 1.8, respectively, at EP, Fig. 2A; and 7.6 � 3.1 vs.
15.1 � 4.3, respectively, at ST, Fig. 2B, P�.001). Patients
with EDT showed a significant increment in apoptosis after

F I G U R E 1

Cell proliferation at the EP (A) and ST levels (B) in eutopic
endometria from patients with EDT before (EDT-PRE) and
after (EDT-POST) COC administration and in control women
(CONTROL). Histological sections were immunostained for
Ki-67 expression (see text). The Ki-67 index was determined
by counting labeled cells in 400� randomly selected fields.
Data were expressed as the number of EP cells expressing
immunoreactivity for Ki-67 per 100 cells (Ki-67 index) (A) and
as the number of cells expressing immunoreactivity for Ki-67
(positive) ST cells per field (B). *P�.001 vs. EDT-PRE;
**P�.05 vs. EDT-PRE; EDT-POST vs. CONTROL, P�.05.

Meresman. Oral contraceptives and endometriosis. Fertil Steril 2002.
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exposure to COC, both at the EP level (2.5 � 0.7 vs. 0.9 �
0.3 P�.05) and ST level (13.6 � 4.1 vs. 7.5 � 3.1, P�.05)
(Fig. 2 and Fig. 3B).

Short-term exposure to COCs significantly increased the
level of apoptosis in patients with EDT; the values are
comparable to control patients at the ST level (13.6 � 4.1 vs.
15.1 � 4.3, respectively, P�.05) and at the EP level (2.5 �
0.7 vs. 3.4 � 1.8, respectively, P�.05) (Fig. 2).

Bcl-2 and Bax Expression in the Eutopic
Endometrium

The endometrium from patients with EDT showed an
increased expression of Bcl-2 compared with controls under

the same conditions. This increment in Bcl-2 expression is
related to the lower level of apoptosis in patients with EDT
(Table 1 and Fig. 4A). These data confirm our recently
published work (8).

We observed a drop in the expression of Bcl-2 in patients
with EDT after exposure to COCs, which goes along with
the endometrial atrophy observed histologically (Table 1).
The expression profile of Bcl-2 after COC administration is
similar to the one observed in controls, which indicates that
this protein would be involved in the regulation of apoptosis.
In agreement with our previous work (8), we observed a lack

F I G U R E 2

Spontaneous apoptosis at the EP (A) and ST levels (B) in
eutopic endometria from patients with EDT before (EDT-PRE)
and after (EDT-POST) COC administration and in control
women (CONTROL). Histological sections were immuno-
stained by the TUNEL technique (see text). The numbers of
apoptotic cells were determined by counting labeled cells in
630� randomly selected fields. Data were expressed as the
apoptotic cell mean/field. *P�.001 vs. EDT-PRE; **P�.05 vs.
EDT-PRE; EDT-POST vs. CONTROL, P�.05.

Meresman. Oral contraceptives and endometriosis. Fertil Steril 2002.

F I G U R E 3

Representative photomicrograph of histological sections
from the eutopic endometrium of women with EDT. Immu-
nostaining of endometrial sections for cell proliferation by
Ki-67 expression before administering COCs (A) and for ap-
optosis by the TUNEL technique after COC administration (B)
is shown. Note the presence of numerous immunostained
cells. The original magnification was �400.

Meresman. Oral contraceptives and endometriosis. Fertil Steril 2002.
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of expression of Bax in the majority of tissue samples from
EDT and controls during the proliferative phase (Table 1).

Exposure to COCs resulted in a remarkable increase in
the expression of Bax in endometrium from patients with
EDT, which goes along with the increased apoptosis re-
ported above (Table 1 and Fig. 4B). Finally, we could not
establish a correlation in patients with EDT between the
staging of EDT and the expression of Bcl-2–Bax in the
eutopic endometrium.

DISCUSSION

The etiopathogenesis of EDT remains controversial, yet
the most accepted theory assumes that the endometriotic
implants originate by the migration of eutopic endometrial
cells through retrograde transtubal flow into the peritoneal
cavity of menstrual debris, with future implantation and
growth on an ectopic site (17). Despite the fact that this
theory gives the eutopic endometrium a fundamental role in

the pathogenesis of this disease, much has to be learned as to
why only certain patients develop EDT, despite the fact that
retrograde menstrual flow into the peritoneal cavity is such a
common event (18).

In a recent publication, we showed a significant decrease
in apoptosis in the eutopic endometrium from patients with
EDT (8). The low levels of apoptosis observed by our group
in the EP and ST was described for the whole endometrium
by Dmowski et al., who proposed that survival of endome-
trial cells misplaced in ectopic locations may depend in part
on the inherent ability of the cells to undergo apoptosis (19).

F I G U R E 4

A and B are sections immunostained for Bcl-2 and Bax
protein expression. Bcl-2 protein expression in proliferative
endometrium from a patient with EDT before administering
COCs, magnification �400 (A). Bax protein expression in the
endometrium from the same patient after administration of
COCs, magnification �400. Note the strong immunopositiv-
ity in endometrial sections.

Meresman. Oral contraceptives and endometriosis. Fertil Steril 2002.

T A B L E 1

Bcl-2 and Bax expression in the eutopic endometrium.

Case no. EDT/Control

Bax Bcl-2

PRE POST PRE POST

1 Control � ��
2 Control � �
3 Control � ��
4 Control �
5 Control � �
6 Control � �
7 Control � �
8 Control � �
9 Control � �

10 Control �� �
11 Control � ��
12 Control � ��
13 Control � �
14 EDT III � ��� ��� �
15 EDT III � �� � �
16 EDT I � ��� �� �
17 EDT I � ��� ��� �
18 EDT II � �� ��� ��
19 EDT II � � ��� �
20 EDT II � ��� ��� �
21 EDT II � ��
22 EDT II � �� ��� �
23 EDT II � ���
24 EDT III � �� ��� �
25 EDT II � �� � �
26 EDT III � � �� ��

Note: EDT � endometriosis; PRE � before COC administration; POST �
after COC administration. Bcl-2 and Bax immunostaining were semiquan-
tified by staining grade according to the following scale: (�) negative, (�)
weakly positive, (��) positive, and (���) strongly positive. A blank
entry indicates no sample.

Meresman. Oral contraceptives and endometriosis. Fertil Steril 2002.
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The present study, besides corroborating our previous
results, showed an increase in the cellular proliferation, both
at the EP and ST levels, in the eutopic endometrium from
patients with EDT. These findings suggest that besides a low
degree of apoptosis in the eutopic endometrium from EDT,
there is also increased cell proliferation. Such conditions
facilitate the tissue survival and future growth in an ectopic
site. This increased proliferation in the eutopic endometrium
from patients with EDT was also described by Wigfield et al.
(20), although Scotti and coworkers were unable to find
differences in cell proliferation between patients with EDT
and controls (21). It is unclear whether these abnormal
findings in the eutopic endometrium from patients with EDT
are primary in origin and significantly contribute to the
development of the disease or secondary in nature to an
established pelvic EDT process. Furthermore, the implica-
tions of an increased proliferation and decreased apoptosis at
the local level and on a long-term basis are unknown, al-
though the regular sloughing of the endometrium during
menses prevents accumulation of the hyperproliferated en-
dometrium. Also, it is known that the incidence of prema-
lignant or malignant endometrial lesions is not increased in
patients with EDT.

Short-term exposure to COCs histologically changed the
endometrium, causing scanty proliferation, with the presence
of few small glands (14). Our work showed that only 1
month of treatment with COCs was enough to induce a
significant drop in the expression of the Ki-67 protein in the
eutopic endometrium from patients with EDT compared
with the same tissue before COC administration. This drop
in cell proliferation shows levels similar to those observed in
control patients during the midproliferative phase. Further-
more, the improvement in apoptotic index observed after
COC administration in patients with EDT was comparable to
that in control patients.

The immunohistochemical studies of the proteins in-
volved in the regulation of apoptosis revealed a difference in
the expression of Bax and Bcl-2 in the endometrium after
COC administration. The increase in Bax expression and the
drop in the expression of Bcl-2 would be the factors respon-
sible for the resulting increase in apoptosis in EDT after
COC administration.

The role of estrogens as stimulators of endometrial cell
proliferation, in vivo (14) as well as in vitro (22), is well
known, yet the molecular mechanism by which the sex
steroids regulate endometrial growth is not clearly defined.
Rider et al. (23) proposed that estrogens would be essential
for the synthesis of P receptors and growth factors, which are
needed for the passage from cell phase G0 to G1. We
observed a profile in Bcl-2 after COC administration that
was similar to the one observed in controls at the midpro-
liferative phase, which suggests that this protein is involved
in the regulation of cellular endometrial growth demon-
strated in patients with EDT after COC administration.

The histological studies performed in the past indicated
that COCs promoted an arrest in endometrial gland prolif-
eration and that their long-term use resulted in progressive
atrophy of the endometrium (16). Ovarian inactivation and
moderately low estrogen concentration, obtained from cyclic
monophasic COCs (24), may be beneficial as prophylactic
regimens to delay or prevent the recurrence of EDT (25).
Muzii et al. (26) reported in a placebo-controlled study that
in patients with surgically treated endometriomas who were
given COCs postoperatively for 6 months this treatment was
superior to placebo in preventing recurrence of EDT at 1
year.

Whether the beneficial effects caused by COCs are ex-
erted mainly through changes at the eutopic endometrial
level as described in this report or perhaps through decreased
inflammatory changes achieved by lowering the interleukins
concentrations in peritoneal fluid, as recently described by
Mahnke et al. (27), or by a combination of these mechanisms
or an alternative mechanism remains to be determined.

Furthermore, recent publications have confirmed the in-
hibitory effect of progestogens on endometrial proliferation
(28) and suggest that these compounds enhance apoptosis on
the same tissue (29). Clinically, these medications have been
shown to be of value in treating EDT, either alone (30) or as
an estrogen-progestin combination (31).

In summary, from our results we can speculate that COCs
would have a positive effect on patients with EDT by down-
regulating cell proliferation and enhancing programmed cell
death in the eutopic endometrium, two factors possibly in-
volved in the growth and/or recurrence of EDT.
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