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Apoptosis plays a significant role in differentiation of many organs and helps to maintain homeostasis. The occur-
rence of apoptosis (using the apoptotic index) and expression of regulation protein Bcl-2 in the human endometrium 
was evaluated within the secretory phase of both the natural cycle, and an artificial one. 

Oral hormonal substitution used in this design induced similar, but more marked dynamic changes in Bcl-2 expres-
sion in the mid-secretory endometrium as were observed in the natural cycle, primarily in the surface and glandular 
epithelium of the endometrium. The apoptosis revealed similar a trend, but not significantly different.

INTRODUCTION

Every second, several thousands of new cells are cre-
ated in the human organism to replace damaged cells, or 
cells, which have already served their biological purpose. 
This process, termed proliferation, must be, and is, ac-
companied by cell death. Maintaining a steady balance 
between these two basic processes is part of one of the 
organism’s mechanisms for ensuring homeostasis. Simply 
put, cell death can occur by two processes, which have an 
effect not only on the cell itself, but also on its’ surround-
ings. While the first process, termed oncosis (necrosis), 
is characterized by swelling of the cell, vacuolization, 
increased permeability of cell membranes and gradually 
even a surrounding inflammatory reaction, the second 
process, so-called apoptosis or programmed cell death 
(PCD), consists of the splicing of DNA by specific en-
donucleases and this leads to the formation of apoptotic 
bodies, which are then eliminated by specific macrophag-
es, with no surrounding inflammatory reaction1. 

The process of cell death was morphologically de-
scribed at the end of the 19th century, but not until 1972 
was it defined by authors Kerr and Williams, who also 
coined the term apoptosis2. Unlike oncosis, PCD is an 
active process, which includes a number of regulatory 
mechanisms located on the cell surface, in mitochondria, 
cytoplasm and in the cell nucleus. Due to new findings in 
the field of molecular biology, it has been possible to mon-
itor and describe programmed cell death in many organs 
of the human organism. Apoptosis may be observed doing 
the course of embryonic development of many organs3, 4, 
and it participates in the involution of the thymus and of 
the mammary gland after nursing5, 6, 7.

Apoptosis was also monitored in the human en-
dometrium during the menstrual cycle. Follicular phase 
is characterized by rapid cell proliferation, which is pre-
dominantly controlled by ovarian estrogens, but also 
other substances play their specific role, cellular growth 
factors – angiogenetic growth factor, epidermal growth 
factor, fibroblast growth factor etc8. In the luteal phase, 
progesterone is present and initiates and greatly influences 
secretory differentiation of the endometrium. PCD is also 
introduced in this phase of the menstrual cycle and its 
levels increase with the forthcoming menstruation, and 
as such it participates in endometrial regeneration, along 
with ischemia and necrosis.

Among the most significant PCD regulators are pro-
teins from the bcl-2 family. Representatives of this sig-
nificant group of regulation factors may act as inducers 
as well as suppressors of apoptosis. Antiapoptotic pro-
teins include, for example, Bcl-2, Bcl-XL

, Bcl-w; proteins, 
which have proapoptotic activity, include Bax, Bak, Bid 
and  others. These two protein groups are able to create 
homodimers and heterodimers between each other and 
the resulting effect (pro- or antiapoptotic) depends on 
the potential dominance of one of them. The best-studied 
protein is Bcl-2, which acts as an antioxidant in the cell, 
protects cytochrome C from being released from mito-
chondria and participates in the regulation of caspase 
proteins1. Since the antiapoptotic activity of the Bcl-2 
protein enables cell survival, it can thereby partake in 
tumor proliferation as well as in its chemoresistence. 
The presence of the Bcl-2 protein in the physiological 
endometrium, as well as in the endometrium of various 
pathologies, has been monitored. Increased expression 
was noted in the proliferation phase of the menstrual cy-
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Fig. 1. The occurrence of apoptosis in the surface of the 
epithelium a in the glandular cells (↑). Massive ex-
pression was detected in both layers. Magn. 400×

Fig. 2. The expression of apoptosis in the glandular cells. 
Magn. 400×

Fig. 3. The occurrence of Bcl-2 protein in the glandular 
cells of compact layer. Magn. 400×

Fig. 4. The occurrence of Bcl-2 protein in the glandular 
cells of spongious layer. Magn. 600×

cle with gradual decrease during the secretory phase to a 
total absence in premenstruum9, 10, 11.

The aim of our study was to find out whether hormonal 
preparation of the endometrium induces similar expres-
sion of Bcl-2 and level of apoptosis in individual structures 
in the mid-secretory endometrium. The changes in the 
natural menstrual cycle, as well as in the experimental ar-
tificial cycle, where the endometrium was prepared by oral 
estrogen-progesterone substitution in the same group of 
patients were evaluated, since this hormonal preparation 
of the endometrium is regularly used in patients prepared 
for transfer of cryopreserved – thawed embryos.

MATERIAL AND METHODS

Study group: Twenty-three infertile women who had 
cryopreserved embryos in pronuclear (PN) stage from 
previous IVF cycle were recruited in a single infertility 
centre. All women gave their informed written consent to 
the study, which was approved by the Institutional Review 
Board of the Palacký University. 

The women had a history of infertility of more than 
12 months, were less than 40 years old, had regular men-
strual cycle with normal concentration of serum proges-
terone in the mid-luteal phase, physiological basal serum 
levels of FSH (<10 IU/l) and prolactin on the 3rd day of 
the cycle previously. Patients were examined in the course 
of two menstrual cycles.

1. Spontaneous cycle: All subjects monitored their 
own urinary LH excretion daily from cycle day 10 using  
Simtech (Biores Inc, USA). From cycle day 11, repeat-
ed vaginal ultrasound examination (Hewlett Packard, 
probe 7,5 MHz) was performed until ovulation (day 0). 
Endometrial biopsies were performed on luteal days +5 
and +7. 

2. Artificial cycle: Hormonal substitution was started 
on the first day of a second cycle using progressively in-
creasing doses of estradiol-valerate (2 mg/d from day 1 to 
6, 4 mg/d from day 7 to 10 and 6 mg/d from day 11 to 15). 
If on day 15 the endometrial thickness reached 8 mm or 
more micronised progesterone (P) was added in a dose 
600 mg/d and the dose of estradiol-valerate was decreased 
to 4 mg/d. Endometrial biopsies were taken on days 5 and 
7 of P addition. 
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Tissue collection: Uterine endometrial sequential biop-
sies were taken within an interval of 48 hours using Novak 
curette by a single investigator while the patient was under 
sedation. The first biopsy was taken from the right side, 
second, two days later, from the left side of anterio-fundal 
area of the uterus to ensure that the second sample was 
taken from a different area. Bioptic samples were fixed 
in methacarn for 24 hours and embedded in paraffin. 
Sections (7 µm) were pre-treated by expossure to micro-
wave or Proteinase K. The occurrence of apoptosis and 
expression of Bcl-2 protein was evaluated in 92 samples 
of mid-secretory endometrium. 

Apoptosis: This was detected using a TUNEL kit 
(Roche) separately in stromal cells, spongy and compact 
layers of glands. Apoptosis (apoptotic index-AI) was de-
termined semi quantitatively – according to the number of 
positive cells in individual structures by dividing samples 
into 7 categories (0 %, 0–0 %, 10–20 %, 20–35 %, 35–50 %, 
50–75 % and 75–100 %).

Bcl-2 protein: It was estimated by an indirect three-step 
immunohistochemical method using anti-Bcl-2 (Biogenex) 
as a primary antibody and biotin labeled anti-mouse IgG 
(Biogenex) as a secondary antibody. Biotin creates a 
strong specific bond with streptavidin, which is enzymat-
ically conjugated (alkaline phosphatase). In the tissue, 
the enzyme then reacts with the supplied substrate diami-
nobenzidin (Fluka), and a colored product is formed. 

The degree of Bcl-2 expression was also determined 
semi quantitatively – according to the number of positive 

cells (presence of Bcl-2) in individual structures of the 
endometrium and the samples were divided into 7 cat-
egories: 0 %, 0–10 %, 10–20 %, 20–35 %, 35–50 %, 50–75 % 
and 75–100 %. 

Four structures were separately evaluated in the en-
dometrium – surface epithelium, stroma, and glandu-
lar epithelium in the compact layer, and the spongious 
layer. 

Statistical evaluation: This was performed by χ2 test, p 
< 0.05 was considered statistically significant. 

RESULTS

The results of our comparison study are depicted in 
the following figures. 

Apoptosis: In the natural cycle, the occurrence of ap-
optosis increased between the 5th and 7th day after ovula-
tion in all monitored endometrial structures. Occurrence 
was statistically significant in surface epithelium (p < 0,02) 
and in glands of the spongious layer (p < 0,05). 

In the artificial cycle the situation was similar with 
no significant changes. A relatively small number of ap-
optotic cells are seen in the stroma of the endometrium 
and again the highest occurrence of apoptosis is seen in 
the surface epithelium and in glands of the spongious 
layer. When apoptosis was compared in the two evaluated 
cycles, no significant differences were found.

Fig. 5. The occurrence of apoptosis in the natural cycle. Fig. 6. The occurrence of apoptosis in the artificial cycle.

Bcl-2 - artificial cycle

Fig. 7. The occurrence of Bcl-2 protein in the natural cy-
cle.

Fig. 8. The occurrence of Bcl-2 protein in the artificial cy-
cle.

Apoptosis and expression of bcl-2 in human endometrium in natural and artificial cycles
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Bcl-2 protein: No significant fluctuations in the pres-
ence of the antiapoptotic protein Bcl-2 were observed 
in the spontaneous cycle in the mid-luteal phase, only 
the surface epithelium showed a slight increase, and the 
glands of the spongious layer showed a decrease in the 
number of positive cells, without statistical significance. 
Quantitative differences in the number of cells positive 
for the protein Bcl-2 however may be seen in the arti-
ficial cycle. All monitored layers of endometrium show 
an increase on the 7th day after progesterone application 
when compared to the 5th. The greatest difference was 
observed in the surface epithelium (p < 0,05), with simi-
lar findings in the other structures, but without statistical 
significance.

A greater differentiation may be seen if we compare 
both types of cycles. Here an increased expression of 
Bcl-2 protein was observed in artificial cycles in surface 
epithelium (p < 0,05) and in glands of the compact layer 
(p < 0,05), as well as in spongious layer (p < 0,05).

DISCUSSION

Since 1972, when Kerr et al. first defined apoptosis as 
one form of cell death, its occurrence in many tissues has 
been monitored with increasing interest. The occurrence 
of apoptotic cells in the endometrium during the men-
strual cycle have been described by many authors12, 13, 14. 
A very low occurrence of apoptosis is noted during the 
proliferative phase and at the beginning of the secretory 
phase, where it is present primarily at the epithelial cells 
of the endometrium. The level of apoptosis in the stroma 
was lower than in the surface and glandular epithelium 
and failed to increase until the beginning of menstruation; 
that is about 2 days later than in the epithelium. A maxi-
mum of apoptotic index  (AI) was noted on 2 day after 
the beginning of menstruation9, 10. Similarly in our study, 
which evaluated the mid-luteal phase of the cycle, the AI 
increases on the second day of collection, primarily in 
the epithelial cells, while the stroma cells contain barely 
half the number of apoptotic cells. These observations 
suggest a hormonal influence on apoptosis during the 
menstrual cycle, which is relatively independent of men-
strual bleeding. The proliferation phase of the menstrual 
cycle is mainly influenced by estrogen, which promotes 
cell proliferation. In such cases, estrogen plays the role of 
a cell saving factor by inhibiting apoptosis either directly 
or by way of growth factors or cytokines. The receptors 
Fas and their ligands FasL probably significantly contrib-
ute to this process of induction or inhibition of apoptosis 
in the endometrium. These membrane receptors belong 
to the TNFR (tumor necrosis factor receptor) group and 
their ligands, which after binding to the receptor, can in-
duce apoptosis, belong to the TNF (tumor necrosis fac-
tor) family.

Fas and FasL are expressed in the endometrium dur-
ing the menstruation cycle with an increased expression 
during the secretory phase in comparison to the prolif-
eration phase15, 16.  During proliferation they are localized 

in cells inside the cytoplasmic vesicles and in the Golgi 
apparatus and it is not until the secretory phase that they 
become part of the membranes, where they are able to 
bind FasL and induce apoptosis. Ovarian hormones regu-
late this entire process. Many studies have shown that 
Fas-mediated apoptosis is inhibited by the presence of es-
trogen and progesterone, and their elimination (menstrual 
phase) or the addition of an antiprogestin is followed by 
an increased Fas and FasL expression which results in an 
increase in apoptosis17, 18. These studies demonstrate an 
increase in FasL expression in the presence of estrogen, 
which aids in maintaining a balance between cell prolifera-
tion and apoptosis. 

Our study also shows an AI increase as menstruation 
approaches, and this is seen in both monitored cycles, 
spontaneous as well as artificial.  The difference was 
greater in the spontaneous cycle, primarily in surface 
and glandular epithelium, while the hormonal substitu-
tion cycle did not exhibit such remarkable differences. 
In the hormonal substitution cycle, a certain increase in 
apoptosis is observed in the epithelial cells on the 19th day 
of the cycle. However, this increase is not very remarkable. 
To what extent these two mentioned hormones regulate 
apoptosis is not quite clear. According to previous studies, 
the higher estrogen level should “protect” cells from death 
by apoptosis. Our results show a relative independence of 
programmed cell death from the serum level of steroid 
hormones as related to the approaching menstruation. 
The level of apoptosis in mid luteal phase of spontaneous 
and artificial cycles found in this study was individually 
variable. The reasons for this variability may be multiple: 
individual variability in bioavailability of orally adminis-
tered ovarian steroids due to polymorphism of isoforms 
of cytochrome P 450 in intestinal wall, short halftime of P 
elimination after oral administration etc19. In some cases 
the focal positivity of staining for apoptosis seen more 
often in stroma may lead to bias in the results20.

It is however possible to affect apoptosis through the 
action of regulatory proteins, of which proteins from the 
so-called bcl-2 family are most significant, primarily Bcl-2. 
Although all the mechanisms affect apoptosis during the 
menstrual cycle, it is assumed that Bcl-2 inhibits apoptosis 
during its proliferation phase11, 21. Its decrease in the late 
secretory and menstrual phase22, 23, 24 corresponds to the 
discovery of apoptosis in this period of the cycle. This 
assumes a hormonal influence on the expression of this 
regulatory protein. Bcl-2 is observed in greater quantities 
in glandular cells and in the basal layer, where it can still 
be seen during the secretory phase25, 26, whereas the Fas re-
ceptors are more intensely present in the functional layer 
of the endometrium23, 27. This layer also undergoes more 
extensive cyclic changes during proliferation, differentia-
tion, and finally elimination during menstruation. The de-
crease in Bcl-2 expression correlates with the decrease in 
the presence of progesterone (PR) and estrogen (ER) re-
ceptors in the secretory phase of the endometrial cycle10, 28. 
The correlation between Bcl-2 and PR was observed in 
endometrial hyperplasia and in highly differentiated ade
nocarcinomas29, 30, 31. In contrast, this regulatory protein 
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is present, in very small quantities, in the endometrium 
of postmenopausal women. All these studies assume a 
hormonal regulation of Bcl-2, where estrogen increases 
its expression and progesterone decreases it. 

The presence of Bcl-2 in uterine myomas, however, 
shows an inverse relationship, with increased expression 
in the secretory phase, which is predominantly regulated 
by progesterone, as well as a decrease after therapy with 
this hormone32.

We can conclude that oral hormonal substitution 
used in this design induced similar, but more marked 
dynamic changes of Bcl-2 expression in the mid-secre-
tory endometrium as were observed in the natural cycle, 
primarily in the surface and glandular epithelium of the 
endometrium. The apoptosis revealed a similar trend, but 
this was not significant.
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