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inhibit the development of endometriosis. Thus, GnRH ana-
logues appear to be effective in reducing the growth of en-
dometrial cells, not only due to their classical pituitary endo-
crine effects, but also via a direct effect on the endometrial 
cells themselves.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 It is generally accepted that the etiology of endome-
triosis (EDT) is associated with retrograde migration of 
eutopic endometrial tissue outside the uterine cavity. 
Mechanisms involved in the development of endometri-
otic lesions include immunological factors, apoptosis and 
cell growth, hormonal factors (e.g. estrogens), and angio-
genesis.

  Synthetic gonadotropin-releasing hormone (GnRH) 
analogues (both agonists and antagonists) are frequently 
used in the treatment of human reproductive patholo-
gies, including EDT. The administration of long-lasting 
GnRH agonists reduces the endogenous secretion of go-
nadotropins by a mechanism of pituitary downregula-
tion, and as a consequence they are frequently used to 
achieve regression of endometriotic implants due to the 
induction of hypoestrogenism. In addition to this central 
effect, it has also been demonstrated that GnRH and its 
agonists have a direct effect on extra-pituitary tissues, 
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 Abstract 

 It has been postulated that gonadotropin-releasing hor-
mone (GnRH) analogues may act directly on endometrial 
cells and inhibit their growth and proliferation by regulation 
of apoptotic and angiogenic mechanisms. Eutopic endo-
metrial cells from patients with endometriosis show an in-
creased proliferation rate and are less susceptible to cell 
death by apoptosis than those from subjects without the dis-
ease. Notably, the GnRH analogue, leuprorelin, inhibits cell 
proliferation and increases the apoptotic rate in eutopic en-
dometrial cell cultures, an effect that appears to be mediat-
ed by an increase in the expression of the pro-apoptotic pro-
teins Bax and FasL and a decrease in the expression of the 
anti-apoptotic protein Bcl-2. Angiogenesis is an important 
process in the development of endometrial tissue, and it is 
regulated by vascular endothelial growth factors (VEGFs) 
and angiopoietins. VEGF levels are elevated in peritoneal flu-
id and endometriotic tissue from patients with endometri-
osis. In addition, it has been demonstrated that the expres-
sion of VEGF is potentiated by a variety of cytokines, 
including IL-1 � . Recent studies show that leuprorelin reduc-
es the production of VEGF-A and IL-1 �  in eutopic endome-
trial cell cultures, suggesting a mechanism by which it could 
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such as endometrium and ovary  [1, 2] . There are reports 
demonstrating that GnRH agonists directly inhibit the 
proliferation of various types of steroid-dependent can-
cers, including those of the breast, ovary and endome-
trium  [3–5] . In addition, a GnRH-like peptide and GnRH 
receptors have been isolated from both eutopic and ec-
topic endometrium  [1] .

  This paper will review the underlying pathophysiolog-
ical mechanisms implicated in the development of EDT 
and the effect of GnRH analogues in this setting.

  Apoptosis 

 There are two different mechanisms of cell death: ne-
crosis and apoptosis ( fig. 1 ). During necrosis the viable 
cell becomes leaky, forms blebs and the resulting cellular 
and nuclear lysis causes a release of the cell’s contents 
leading to inflammation. In contrast, apoptosis, or pro-
grammed cell death, also kills unwanted cells but without 
inducing an immune response or an inflammatory reac-
tion. The viable cell shrinks, the chromatin condenses, 
budding occurs, and the apoptotic bodies are phagocy-
tozed by white blood cells, so there is no resulting inflam-
mation.

  Apoptosis can be triggered in a cell through either the 
extrinsic pathway or the intrinsic pathway ( fig. 2 )  [6] . 
Whichever pathway is triggered, the cell changes which 

result are mediated by a family of cysteine aspartic acid-
specific proteases (caspases), which occur as inactive pre-
cursors (procaspases) that are proteolytically converted 
to an active state following an apoptotic stimulus. The 
extrinsic pathway is initiated through binding of the 
transmembrane death receptors, such as the Fas, TNF, 
and TRAIL receptors, located on the cell membrane with 
their respective ligands. This binding triggers aggrega-
tion of the receptors and recruitment of an adaptor pro-
tein known as Fas-associated death domain protein 
(FADD) within the cell cytoplasm. FADD, in turn, re-
cruits caspase-8 to form the death-inducing signal com-
plex (DISC) which initiates the caspase activation cas-
cade.

  In contrast, the intrinsic pathway requires disruption 
of the mitochondrial membrane and the release of mito-
chondrial proteins, such as cytochrome C. Cytochrome 
C is released into the cytoplasm, along with the other two 
cytosolic protein factors, apoptotic protease activating 
factor-1 (Apaf-1) and procaspase-9, promoting the as-
sembly of a caspase-activating complex termed the apop-
tosome, which in turn initiates the apoptotic caspase cas-
cade. Known regulators of cytochrome C release are the 
Bcl-2 family of proteins, which can be either pro-apop-
totic or anti-apoptotic. In addition, cross-communica-
tion occurs between the extrinsic and intrinsic pathways, 
and factors produced in one pathway can stimulate the 
other ( fig. 2 )  [6] .

  Fig. 1.  Comparison of the cellular changes 
that occur during apoptosis and necrosis. 
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  Angiogenesis 

 There are two main processes of vascular develop-
ment: vasculogenesis and angiogenesis. Vasculogenesis 
involves the differentiation of endothelial cells from em-
bryologic mesoderm and the assembly of these differenti-
ated cells into discrete blood vessels whereas angiogen-
esis involves the proliferation and migration of endothe-
lial cells from pre-existing vessels and leads to the 
sprouting or remodeling of new vessels in a given area.

  The highly regulated process of angiogenesis that oc-
curs within the female reproductive tract is critical for 
normal reproduction, including follicular maturation, 
selection and normal function of the corpus luteum, and 
endometrial growth and remodeling. The pathogenesis 
of EDT involves the implantation of exfoliated endome-
trium which is dependent for its survival on the develop-
ment of an extensive blood supply – by the process of 
angiogenesis – both within and surrounding the ectopic 
tissue.

  There are two main regulators of angiogenesis – vas-
cular endothelial growth factors (VEGFs) and angiopoi-
etins. VEGF-A is a potent mitogen and migratory stimu-
lus for endothelial cells and has been found to be involved 
in both physiological and pathological conditions  [7] . 
Studies have shown that it is produced by endometrial 
cells and is a critical factor involved in the pathogenesis 
of the disease  [8, 9] . VEGF levels are elevated in perito-
neal fluid from patients with EDT and in the endometri-
otic tissue itself  [8, 9] . In addition the expression of VEGF 
in endometrial cells has been found to be potentiated by 
a variety of cytokines, including IL-1  [10, 11] . Visualiza-
tion of ectopic endometrial implants by laparoscopy 
shows them to be highly vascularized.

  In view of the above evidence it has therefore been pos-
tulated that GnRH analogues interfere with endometrial 
cell growth by regulation of apoptotic and angiogenic 
mechanisms.

  Fig. 2.  The intrinsic and extrinsic apoptosis pathways. Reproduced with permission from MacFarlane and Wil-
liams  [6] . 
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  Studies of GnRH Analogues and Apoptosis 

 Initial studies were undertaken to evaluate apoptosis 
and cell proliferation in eutopic endometrium from wom-
en with and without EDT  [12] . Thirty-six patients under-
going diagnostic laparoscopy for infertility participated 
in the study. All had regular menstrual cycles and had
not received any hormonal therapy in the previous six 
months. Twenty-two patients had untreated EDT (stages 
I and II) and 14 control subjects had tubal factor infertil-
ity or unexplained infertility. Biopsy specimens of eutop-
ic endometrium were obtained from all subjects during 
the proliferative phase. Apoptosis and cell proliferation 
were examined in these tissue sections.

  The proportion of apoptotic cells in situ was deter-
mined using the TUNEL (Terminal deoxynucleotidyl 
Transferase Biotin-dUTP Nick End Labeling) method, in 
which terminal deoxynucleotidyl transferase (TdT) trans-
fers biotin-dUTP to strand breaks of cleaved nuclear DNA 
that occur as a result of the apoptotic process. The biotin-
labeled cleavage sites are then detected by reaction with 
horseradish peroxidase-conjugated streptavidin and vi-
sualized by diaminobenzidine showing brown color un-
der the microscope.  Figure 3  shows quantification of the 
degree of apoptosis in eutopic endometrial tissue during 
the proliferative and secretory phases of the menstrual 
cycle. In both phases, apoptosis in cells from women with 
EDT was significantly lower than in cells obtained from 
control subjects (p  !  0.05 in the proliferative phase and
p  !  0.001 in the secretory phase vs. controls).

  Cell proliferation was determined by evaluation of the 
nuclear protein Ki-67, which is strongly associated with 
cell proliferation. During interphase, it can be exclusive-
ly detected within the nucleus, whereas in mitosis most 
of the protein is relocated to the surface of the chromo-
somes. The fact that the Ki-67 protein is present during 
all active phases of the cell cycle, but is absent from rest-
ing cells, makes it an excellent marker for determining 
growth of a cell population. Ki-67 staining was observed 
in eutopic endometrial cells from women with EDT, sug-
gesting that cell proliferation was occurring. This was 
confirmed by quantification of Ki-67, as shown in  fig-
ure 4   [13] . The degree of cell proliferation (the proportion 
of Ki-67-positive cells) was significantly higher in both 
stromal and glandular cells of endometriotic tissue ob-
tained from women with EDT than in tissue obtained 
from control subjects (p  !  0.02 in stromal cells and p  !  
0.03 in glandular cells vs. controls). It can be concluded 
from these studies that eutopic endometrial cells from 
patients with EDT are less susceptible to apoptotic cell 
death and show an increased proliferation rate compared 
with cells from subjects without the disease.

  As a result of these interesting findings further studies 
were undertaken to assess the in vitro effects of GnRH 
analogues on the production of factors associated with 
apoptosis and angiogenesis in epithelial endometrial cell 
cultures  [14] .

  Biopsies from patients with EDT or control subjects 
were obtained as described in the earlier study. Endome-
trial cells were enzymatically separated and epithelial 

  Fig. 3.  Apoptosis during the proliferative and secretory phases in 
biopsy specimens of eutopic endometrium from control subjects 
and women with endometriosis (EDT)  [12] . Reproduced with 
permission from Meresman et al.  [12] . 

  Fig. 4.  Cell proliferation in stromal and glandular cells in biopsy 
specimens of eutopic endometrium from control subjects and 
women with EDT  [13] .   
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cells were isolated by successive centrifugation. Primary 
cultures were established as previously described  [15] . 
Cells were cultured in 10% fetal bovine serum (FBS) cul-
ture medium (DMEM-F12) for 48 h and GnRH agents (a 
GnRH agonist: leuprorelin acetate [LA] and a GnRH an-
tagonist: antide [ANT]) were added for 24 h to supple-
mented 2.5% FBS medium. Cell epithelial purity was as-
sessed by cytokeratin immunocytochemistry (indirect 
immunofluorescence using mouse anti-cytokeratin 56 
kDa).

  Cell proliferation was measured by a thymidine incor-
poration method. As shown in  figure 5 A and B, cell pro-
liferation in epithelial endometrial cell (EEC) cultures 
from both control women and EDT patients was inhib-
ited at a range of concentrations of LA (1, 10 and 100 ng/
ml), and this inhibition was reversed by the addition of 
ANT.

  The percentage of apoptotic cells was assessed by the 
acridine orange–ethidium bromide technique and cells 
were viewed by a fluorescence microscope. When this ef-
fect was quantified (apoptotic cells counted as a percent-
age of the total) it was revealed that the proportion of 
apoptotic cells in EEC cultures from both control women 
and EDT patients was significantly increased in the pres-
ence of LA at concentrations of 100 ng/ml (p  !  0.05 and 
p  !  0.01, respectively) ( fig. 6 A, B). This apoptotic stimula-
tion was reversed by the addition of ANT (10 –7   M ). The 
effect of ANT was found to be dose-dependent: at a con-
centration of 10 –5   M  it was found to increase the propor-

tion of apoptotic cells in EEC from patients with EDT and 
controls (p  !  0.01), but lower concentrations were not ef-
fective ( fig. 7 ).

  These results led the investigators to question whether 
the endometrial cell apoptosis induced by GnRH ana-
logues related to changes in the expression of pro- or anti-
apoptotic proteins.

  As mentioned previously, two major pathways towards 
apoptosis have been defined: the extrinsic death receptor 
pathway and the intrinsic mitochondrial pathway. The 
Bcl-2 family of proteins constitutes a critical intracellular 
checkpoint in the intrinsic pathway of apoptosis; some of 
these proteins, such as Bax, Bcl-xS, Bak, and Bok, have 
pro-apoptotic effects and others, such as Bcl-2, Bcl-xL, 
and Mcl-1, have anti-apoptotic effects. The ratio of pro- to 
anti-apoptotic molecules, such as Bcl-2/Bax, constitutes 
a rheostat that sets the threshold of susceptibility to apop-
tosis for the intrinsic pathway. Through this interaction, 
it has been proposed that Bax antagonizes Bcl-2 function, 
diminishing the ability of Bcl-2 to prolong cell survival.

  To investigate this, the expression of Bax and Bcl-2 
protein in EEC cultures from EDT patients were evalu-
ated by Western blot and immunocytochemistry. West-
ern blot analysis was performed on cell homogenates 
from EEC cell cultures from patients with EDT under 
basal conditions and after treatment with LA (1,000 ng/
ml), ANT (10 –5   M ) or a combination of ANT with LA. The 
results of this investigation are shown in  figure 8 . In EEC 
from women with EDT, Bax expression increased after 

  Fig. 5.  Effect of leuprorelin acetate (LA) and antide (ANT) on cell proliferation in epithelial endometrial cell 
cultures obtained from EDT patients ( A ) or control subjects ( B ). Values are expressed as percentage of TGF �  0.1 
ng/ml stimulated cell cultures (SCC) proliferation set as 100%  [15] . Reproduced with permission from Meres-
man et al.  [15] . 
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treatment with LA, ANT and LA + ANT (p  !  0.05, p  !  
0.001 and p  !  0.001) ( fig. 8 A), whereas Bcl-2 expression 
decreased after exposure to LA and ANT (p  !  0.001 and 
p  !  0.01) ( fig. 8 B).

  In relation to the extrinsic apoptosis pathway, the Fas–
Fas ligand (FasL) system is the primary mechanism for 
induction of apoptosis in cells and tissues. Expression of 
Fas and FasL protein in EEC cultures from EDT patients 
were evaluated by Western blot and immunocytochem-

istry. FasL expression increased after LA, ANT and LA + 
ANT treatments (p  !  0.01, p  !  0.001 and p  !  0.01) ( fig. 9 A), 
but no significant changes were observed in Fas expres-
sion ( fig. 9 B).

  From these results it can be concluded that GnRH an-
alogues enhance apoptosis in EEC, and that this is ac-
companied by an increase in the expression of the pro-
apoptotic proteins Bax and FasL and a decrease in expres-
sion of the anti-apoptotic protein Bcl-2.

  Fig. 6.  Effect of leuprorelin acetate (LA) and antide (ANT) on the percentage of apoptotic cells in epithelial en-
dometrial cell cultures obtained from EDT patients ( A ) or control subjects ( B )    [15] . Reproduced with permission 
from Meresman et al.  [15] . 

  Fig. 7.  Effects of antide on apoptosis in endometrial cell cultures from subjects with EDT ( A ) and controls ( B ). 
Values are expressed as percentage of apoptotic cells (ApC)  8  SEM    [14] . Reproduced with permission from 
Bilotas et al.  [14] . 
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  Fig. 8.  Effects of leuprolide acetate (LA) and antide (ANT) on Bax ( A ) and Bcl-2 ( B ) protein expression in endo-
metrial cell cultures obtained from EDT patients. Representative Western blots are presented in upper panels 
and quantification of results for protein expressed as a percentage of basal values  8  SEM in the lower panels 
   [14] . Reproduced with permission from Bilotas et al.  [14] . 

  Fig. 9.  Effects of leuprolide acetate (LA) and antide (ANT) on FasL ( A ) and Fas ( B ) protein expression in endo-
metrial cell cultures obtained from EDT patients. Representative Western blots are presented in upper panels 
and quantification of results for protein expressed as a percentage of basal values  8  SEM in the lower panels 
   [14] . Reproduced with permission from Bilotas et al.  [14] . 
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  Studies of GnRH Analogues and Angiogenesis 

 Studies have also been undertaken to evaluate the ef-
fect of GnRH analogues on the production of angiogenic 
factors in endometrial tissue  [16] . It was questioned 
whether the production of VEGF and/or IL-1 �  is regu-
lated by the presence of LA in the culture medium of en-
dometrial cells.

  Biopsy specimens of eutopic endometrium obtained 
from 16 women with untreated EDT and 14 controls were 
studied. IL-1 �  and VEGF release were evaluated in EEC 
cultures under basal conditions or with the addition of 
LA (10 –7   M ). IL-1 �  and VEGF concentrations were as-
sessed by using commercial enzyme-linked immunosor-
bent assay (ELISA) kits. IL-1 �  and VEGF release were 
downregulated by LA in cultures from controls and EDT 
patients ( fig. 10 A, B).

  The authors concluded that GnRH agonists appear to 
have a direct effect in endometrial cell cultures, in part 
by decreasing the release of pro-mitogenic cytokines such 
as IL-1 �  and VEGF.

  Conclusions 

 From these preclinical studies of pathogenic mecha-
nisms involved in EDT it can be concluded that LA inhib-
its cell proliferation and increases the apoptotic rate in 
EEC cultures. The GnRH antagonist, ANT, is able to re-
verse these effects, suggesting that the effect of GnRH 

analogues on DNA synthesis and apoptosis is mediated 
by homologous receptors. Higher ANT concentrations 
(10 –5   M ) enhance apoptosis in EEC cultures, most likely 
via another receptor distinct from the classic GnRH re-
ceptor. GnRH analogues also increase the expression of 
the pro-apoptotic proteins Bax and FasL and decrease the 
expression of the anti-apoptotic protein Bcl-2. LA inhib-
its the release of VEGF-A and IL-1 �  in eutopic endome-
trial cell cultures, factors known to be involved in angio-
genesis. Thus, GnRH analogues are effective in reducing 
the growth of endometrial cells not only by the classical 
pituitary endocrine effect, but also via a direct effect on 
the endometrial cells themselves. Ultimately, this knowl-
edge may contribute to the development of improved, tar-
geted therapies for this debilitating disease.

  Post-Presentation Discussion 

  Prof. Terakawa, Tottori University, Japan:  Are there dif-
ferences between GnRH agonists and antagonists in the 
induction of apoptosis?

   Dr. Tesone:  The effect is the same but in our experi-
ments the GnRH antagonists, antide, only produced ef-
fects at higher concentrations (10 –5   M ). It is thought that 
the effect of antide is mediated through another receptor. 
When we add antide at lower concentrations, the effect of 
LA is blocked, suggesting that they are acting at the same 
receptor and LA is not able to bind in the presence of an-
tide. At higher concentrations it appears that antide binds 

  Fig. 10.  Effects of leuprolide acetate (LA) on IL-1       �  ( A ) and VEGF ( B ) production by endometrial cell cultures 
obtained from EDT patients and control subjects  [16] . Reproduced with permission from Meresman et al. 
 [16] . 
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to another receptor, the identity of which is currently un-
known.

   Dr. Kajitani, Keio University, Japan:  You showed the 
direct effect of GnRH analogues mediated via the GnRH 
receptor on endometrial cells. As a consequence of bind-
ing to the GnRH receptor, the protein kinase-C pathway 
will be activated; however, you did not show any direct 
effect on products of the protein kinase-C pathway. Have 
you any information about the protein kinase-C pathway 
in this context?

   Dr. Tesone:  That is a very interesting question. We have 
not studied the protein kinase-C pathway in this experi-
mental model, but have done so in ovarian cells. We found 
a direct effect of GnRH analogues on ovarian cells and 
an activation of the protein kinase-C pathway.

   Dr. Harada, Tottori University, Japan:  Did you inves-
tigate the effects of other GnRH agonists, such as busere-
lin or nafarelin?

   Dr. Tesone:  We have only undertaken studies with LA 
as it is the agonist most frequently used in the clinical set-
ting in Argentina for the treatment of different patholo-
gies.

   Dr. Harada, Tottori University, Japan:  The reason I ask 
is that we undertook studies with buserelin and found no 
effect on endometrial cell proliferation, suggesting this 
effect could be specific to LA.

   Dr. Kahn, Nagasaki University, Japan:  You investigat-
ed the pro-apoptotic marker, Bax, and the anti-apoptotic 
marker, Bcl-2, in EEC cultures from both control women 
and EDT patients. Which biological effect is stronger? 
Did you measure the ratio of Bax/Bcl-2? Unless you know 
this ratio, it is difficult to understand the overall effect of 
the GnRH agonist.

   Dr. Tesone:  We did measure the ratio and confirmed 
that with LA there is an increase in pro-apoptotic pro-
teins and a decrease in anti-apoptotic proteins.

   Dr. Kitawaki, Kyoto University of Medicine, Japan:  The 
molecular structure of antide is similar to LA. In view of 
this, you might anticipate that antide would have some 
effect of its own on apoptosis, in addition to antagonizing 
the effect of LA. It may be valuable to evaluate the effect 
of antide at lower doses.

   Dr. Tesone:  We have investigated lower doses of antide 
and it has no effect other than inhibiting the action of 
LA.
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