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Abstract

Apoptosis 1s important during embryonic
development, tissue renewal, hormone-
induced issue atrophy, and many
pathological conditions. GnRHa had been
reported to induce apoptosis in the granulosa
cells of the rat ovary. There have been few
reports concerning apoptosis in human IVF-
ET programs until recently. In the present
study, through measuring apoptosis and
apoptotic-related proteins (Bel-2, Bax, and
Mel-1) in cumulus granulosa cells following
long acting GnRHa treatment in the patients
with endometriosis in IVF program, the
incidence of apoptosis of granulosa cells
might be a marker to predict the outcome of
oocyte and embryo quality.
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= ~ Introduction

Apoptosis (or programmed cell death) is
important during embryc development,
metamorphosis, tissue renewal, hormone-
induced tissue atrophy, and many pathological
conditions. It was reported that apoptosis
was found in the ovary not only during the
natural cycles, but also during the
gonadotropin-stimulated cycles (1).
Gonadotropins such as hMG and/or FSH have
been used to obtain multiple oocytes for in
vitro  fertilization  (IVF). Moreover,
gonadotropin-releasing hormone analogues
(GnRHa) which induced pituitary
desensitization, recently the long acting
GnRHa had been included in the treatment of
endometriosis and increased clinical pregnancy
rates. GnRHa had been reported to induce
apoptosis in the granulosa cells of the rat ovary
whereas hMG and FSH block apoptosis (2).
The direct ovarian effects of GnRHa are
profound in rodents as compared with humans.
There have been few reports concerning
apoptosis in human IVF-ET programs until
recently (3). Prior studies had shown that the
incidence of apoptotic bodies in membrana
granulosa cells of patients with endometriosis
was significantly higher than that of the
control group which without endometriosis
and the apoptotic celis increased as the stage of
the revised AFS classification advanced (3-4).
Bcl-2-related anti- and proapoptotic proteins
arec important in the decision step of the
intracellular death program upstream from the



caspases. Targeted overexpression of Bcl-2
in ovarian somatic cells of transgenic mice
leads to decreased apoptosis of granulosa cells
and is associated with higher ovulation rates
(5). In the present study, through measuring
apoptosis and apoptotic-related proteins (Bcl-2,
Bax, and Mcl-1) in ¢GCs following GnRHa
treatment in the patients with endometriosis,
the incidence of apoptosis of ¢GCs might be a
marker to predict the outcome of ovulation
process, oocyte quality, and further cleavage
rate.

=, MATERIALS & METHODS

Patients and Granulosa Cells Collection
A case-control study enrolled 8 women with
GnRHa-treated endometriosis and 4 control
{male factor infertility patients) undergoing
IVF. The cGCs were collected after
follicular aspiration, oocyte isolation, and
cumulus separating process.

Detection of Apoptosis Detection of
apoptotic nuclei was accomplished by in
sttu  nuclear labelling with terminal
deoxynucleotidyl |, transferase-mediated
dUTP nick end-labelling (TUNEL) reaction
(Boehringer Mannheim, Laval, PQ, Canada).
¢GCs were fixed in 3.7 % paraformaldehyde
solution in PBS for 30 min, rinsed twice in
phosphate buffered saline (PBS), and
permeated with 0.1 % Triton-X 100 in (.1
% sodium citrate for 2 min on ice. ¢GCs
were incubated in 50 pl TUNEL reaction
mixture or in 50 pl TUNEL label alone as a
negative control for 60 min at 37 °C in a
humidified atmosphere. Positive controls
were incubated with 50 U/ml RNase-free
DNase (Promega, Madison, WI) for 20 min
at 37 °C before exposure to the TUNEL
reaction mixture. ¢GCs were rinsed twice
in PBS and examined with the fluorescent
microscope.

Immunohistochemistry The expression
of Bcl-2, Bel-xg,, Bax, and Mcl-1 protein
products in c¢GCs were examined by
immunohistochemistry with specific
antibodies. c¢GCs were fixed in 3.7 %
paraformaidehyde solution in PBS for 30 min,
rinsed twice in PBS, and permeated with 0.1
% Triton X-100/PBS for 10 min. ¢GCs
were blocked with PBS containing 3 % goat
serum for 30 min and then incubated for 4 h
at room temperature with 1;200 dilution of

either the primary antibodies of Bcl-2, Bax,
and Mcl-1 (Santa Cruz, Biotechnol Inc., CA)
in a humidified chamber.  After washes
with PBS, the ¢GCs were incubated for I h
with the secondary antibody, biotinylated
anti-rabbit-IgG or anti-mouse-IgG (Santa
Cruz, Biotechnol Inc., CA) and then
incubated with ABC mixture (Victor, ) for
1.5 h. The cells were washed again with
PBS and the antigen-antibody complexs were
visulized by immersion in a DAB solution.
The cell nuelel were then counterstained with
haematoxyllin, dehydrated in graded ethanol
baths and xylene, and mounted with a
coverslip for light microscope. Negative
controls were processed in the same manner
but were not incubated with the primary
antibody. All  antibodies have been
previously characterized through
immunocytochemistry and western  blot
analysis as specific for Bel-2, Bax or Mcl-1
(Santa Cruz, Technical notes).

Statistical Analysis Data are presented
as mean £ SEM. A Student’s t test was used
to evaluate statistical significance of
differences between two paired observations.
A value of P < 0.05 was considered
statistically significant.

RESULTS

A typical apoptotic bodies of ¢GCs, which
included fragmented and shrunken nuclei
stained with the TUNEL technique, was
observed under a fluorescence microscope
(Fig.1a). The GnRHa-treated endometriosis
showed more TUNEL positive stained cells
(Fig. 1b), than the control group (Fig. lc).
Table 1 summerized the incidence of
apoptotic cells and apoptotic bodies in the
patients with GnRHa treated endometriosis
and compared with the control cases. The
results indicated that GnRHa-treated cases
had higher incidence of apoptotic cells and
apoptotic bodies in ¢GCs than the control
group (P<0.05). We also found that the
patients with higher incidence of apoptotic
¢GCs had smaller number of harvested
oocyte and matured oocytes (P<0.05), but no
significantly influence in the embryo
development (P>0.03),

The expression of Bax and Mcl-1 were
higher than the Bel-2 in the ¢ytoplasm and
nuclei of ¢GCs indicated that the balance of



these proteins might be involved in the
mechanism of apoptosis in ¢GCs (Fig.2).

CONCLUSIONS

The TUNEL technique provide more
specific, sensitive, and objective way to
examine the apoptotic cells and apoptotic
bodies formation in GCs than the Hoechst
33258 staining (3). Results indicated that
GnRHa-treated endometriosis might
increase the rates of apoptosis in GCs and
showed no significant change in embryo
development and pregnancy rate compared
with the control | group. The results
suggested  that the treatment of
endometriosis with GnRHa before the
induction of ovulation would modify the
apoptosis in GCs, decrease oocyte number,
but still retain the same cleavage rates.

In this report, using immunocytochemical
staining, we have shown for the first time
the distribution of Bel-2, Bax, and Mcl-1 in
¢GCs from patients with endometriosis
undergoing IVF-ET program. The results
indicated that Bax and Mcl-1 were highly
expressed in the c¢GCs, suggested that the
reguation of these proapoptotic or anti-
apoptotic protein might be involved in the
apoptotsis of ¢cGCs.
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ILLUSTRATIONS
Table 1.

N Age Apoptotic Apoptotic Oocyte  Cleavage
cells (%)  bodies (%) number  rates (%)

Control 4 33x2 41%09 07401 12.0+20 609+2.2
GnRHa-treated 8 33+4 13.6+24* 16+03* 54+1.1*% 783+7.4
Endometriosis
Significance by P=0.61 *P=0.01 *=0.02  *P=0.004 P=0.12
student t-test
Each data represents the mean +s.e.mean. *: A value of P < 0.05 was considered
statistically significant.

Figure 1. Fluorescence micrograph of fragmented nuclei of apoptotic cells and
apoptotic bodies stained with TUNEL. (A) c¢GCs from the control group also stained
with TUNEL and (B) Fluorescence micrograph of ¢GCs collected from the patients
with GnRHa treated endometriosis and following IVF-ET .

A

Figure 2. ¢GCs were stained with specific antibodies. (a) negative control; (b)
Bel-2; (¢) Bax; and (d) Mcl-1.
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Summary

Using TdT-mediated dUTP nick end labelling (TUNEL) technique, we
can evaluate the apoptosis of ¢GCs on cases of endometriosis with GnRH
analog (GnRHa) treatment, and compared with the control cases. Results
showed that the GnRHa-treated endometriosis had higher incidence of
apoptotic cells and apoptotic bodies in ¢GCs than the control group (P<0.05).
The patients with higher incidence of apoptosis in ¢GCs had less number
of harvested oocytes and martured oocytes (P<0.05), but no influence in the
embryo development (P>0.05). Additionally, the apoptotic-related proteins,
Bax and Mcl-1, were highly expressed in the ¢GCs treated with GnRHa, but
Bcl2 had less expression levels in the ¢GCs. The results indicated that Bax
and Mcl-1 might play the role in the mechanism of apoptosis in ¢GCs, and
the treatment of endometriosis with GnRHa before the induction of ovu-
lation would modify the apoptosis in ¢GCs, influence the oocyte number,
but still retain the same cleavage rates of embryos.

Introduction

Apoptosis (or programmed cell death) is important during embryo devel-
opment, metamorphosis, tissue rencwal, hormone-induced tissue atrophy,
and many pathological conditions. It was reported that apoptosis was found
in the ovary not only during the natural cycles, but also during the gona-
dotropin-stimulated cycles (1). Gonadotropins such as hMG and/or FSH
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have been used to obtain multiple oocytes for in vitro fertilization (IVF).
Moreover, gonadotropin-releasing hormone analogues (GnRHa) which in-
duced pituitary desensitization, recently the long acting GnRHa had been
included in the treatment of endometriosis and increased clinical pregnancy
rates. GnRHa had been reported to induce apoptosis in the granulosa cells
of the rat ovary whereas hMG and FSH block apoptosis (2). The direct
ovarian effects of GnRHa are profound in rodents as compared with hu-
mans. There have been few reports concerning apoptosis in human IVE-ET
programs until recently (3). Prior studies had shown that the incidence of
apoptotic bodies in membrana granulosa cells of patients with endometriosis
was significantly higher than that of the control group which without
endometriosis and the apoptotic cells increased as the stage of the revised
AFS classification advanced (3-4). Bcl-2-related anti- and proapoptotic pro-
teins are important in the decision step of the intracellular death program
upstream from the caspases. Targeted overexpression of Bcl-2 in ovarian
somatic cells of transgenic mice leads to decreased apoptosis of granulosa
cells and is associated with higher ovulation rates (5). In the present study,
through measuring apoptosis and apoptotic-related proteins (Bcl-2, Bax, and
Mch1) in ¢GCs following GnRHa treatment in the patients with endome-
triosis, the incidence of apoptosis of cGCs might be a marker to predict the
~ outcome of ovulation process, oocyte quality, and further cleavage rate.

Materials and Methods

Patients and Granulosa Cells Collection. A case-control study enrolled 8
women with GnRHa-treated endometriosis and 4 control (male factor infer-
tility patients) undergoing IVF. The c¢GCs were collected after follicular
aspiration, oocyte isolation, and cumulus separating process.

Detection of Apoptosis. Detection of apoptotic nuclei was accomplished by
in situ nuclear labelling with terminal deoxynucleotidyl transferase-medi-
ated dUTP nick end-labelling (TUNEL) reaction (Bochringer Mannheim,
Laval, PQ, Canada). ¢GCs were fixed in 3.7 % paraformaldehyde solution
in PBS for 30 min, rinsed twice in phosphate buffered saline (PBS), and
permeated with 0.1 % Triton-X 100 in 0.1 % sodium citrate for 2 min on
ice. cGCs were incubated in 50 ml TUNEL reaction mixture or in 50 ml
TUNEL label alone as a negative control for 60 min at 37°C in a humidified
atmosphere. Positive controls were incubated with 50 U/ml RNase-free
DNase (Promega, Madison, WI) for 20 min at 37°C before exposure to the
TUNEL reaction mixture. ¢GCs were rinsed twice in PBS and examined with
the fluorescent microscope.

Immunohistochemistry The expression of Bcl-2, Bax, and Mcl-1 prbtein
products in ¢GCs were examined by immunohistochemistry with specific
antibodies. cGCs were fixed in 3.7 % paraformaldehyde solution in PBS for
30 min, rinsed twice in PBS, and permeated with 0.1 % Triton X-100/PBS
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for 10 min. ¢GCs were blocked with PBS containing 3 % goat serum for 30
min and then incubated for 4 h at room temperature with 1:200 dilution
of either the primary antibodies of Bcl-2, Bax, and Mcl-1 (Santa Cruz, CA)
in a humidified chamber. After washes with PBS, the ¢GCs were incubated
for 1 h with the secondary antibody, biotinylated anti-rabbit-IgG or anti-
mouse-IgG (Santa Cruz, CA) and then incubated with ABC mixture (Victor,
Burlingame, CA) for 1.5 h. The cells were washed again with PBS and the
antigen-antibody complexs were visulized by immersion in a DAB solution
(Victor, Burlingame, CA). The cell nuclei were then counterstained with
haematoxyllin, dehydrated in graded cthanol baths and xylene, and mounted
with a coverslip for light microscope. Negative controls were processed in
the same manner but were not incubated with the primary antibody. All
antibodies have been previously characterized through immunocytochemis-
try and western blot analysis as specific for Bcl-2, Bax or Mcl-1 (Santa Cruz,
Technical notes).

Statistical Analysis Data are presented as mean + SEM. A Student’s ¢ test
was used to evaluate statistical significance of differences between two
paired observations. A value of P < 0.05 was considered statistically signifi-
cant.

Results

A typical apoptotic bodies of ¢GCs, which included fragmented and
shrunken nuclei stained with the TUNEL technique, was observed under a
fluorescence microscope (Fig.1a). The GnRHa-treated endometriosis showed
more TUNEL positive stained cells (Fig. 1b), than the control group (Fig.
lc). Table 1 summerized the incidence of apoptotic cells and apoptotic
bodies in the patients with GnRHa treated endometriosis and compared

Figure 1. (a) Fluorescence micrograph of fragmented nuclei of apoptotic bodies stained
with TUNEL. (b) Fluorescence micrograph of ¢GCs collected from the patients with
GnRHa treated endometriosis and following IVEET and (c) ¢GCs from the control
group alse stained with TUNEL,
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Table 1

N Age Apoptoticc Apoptotic  Oocyte  Cleavage
: cells (%) Dbodies (%) number rates (%)
Control 4 33+£2 41+£09 0701 120£20 609+£22
GnRHa-treated 8 33+4 136+£24* 16£03* 54+1.1% 783174
Endometriosis
Significance by P=061 *P=0.01 *=0.02  *P=0.004 P=0.12
student t-test
Each data represents the mean + s.e.mean. *: A value of P < 0.05 was considered
statistically significant.

with the control cases. The results indicated that GnRHa-treated cases had
higher incidence of apoptotic cells and apoptotic bodies in ¢GCs than the
control group (P<0.05). We also found that the patients with higher inci-
dence of apoptotic ¢cGCs had smaller number of harvested oocyte and
maturcd oocytes (P<0.05), but no significantly influence in the embryo
development (F>0.05).

The expression of Bax and Mcl-1 were higher than the Bcl-2 in the
cytoplasm and nuclei of ¢GCs indicated that the balance of these proteins
might be involved in the mechanism of apoptosis in ¢GCs (Fig.2).

Figure 2. ¢GCs were stained with specific antibodies. {(a) negative control; (b) Bcl
2; (¢) Bax; and (d) Mcl-1.
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Conclusions

The TUNEL technique provide more specific, sensitive, and objective
way to examine the apoptotic cells and apoptotic bodies formation in GCs
than the Hoechst 33258 staining (8). Results indicated that GnRHa-treated
endometriosis might increase the rates of apoptosis in ¢cGCs and showed no
significant change in embryo development and pregnancy rate compared
with the control group. The results suggested that the trcatment of endome-
triosis with GnRHa before the induction of ovulation would modify the
apoptosis in ¢GCs, decrease oocyte number, but still retain the same cleav-
age rates.

In this report, using immunocytochemical staining, we have shown for
the first time the distribution of Bcl-2, Bax, and Mcl-1 in ¢GCs from patients
with endometriosis undergoing IVF-ET program. The results indicated that
Bax and Mcl-1 were highly cxpressed in the ¢GCs, suggested that the
reguation of these apoptotic-related protein might be involved in the apoptotsis
of cGCs.
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