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Abstract: Purpose: To study the effect of gonadotropin-releasing hormone Il (GnRHII) on the cell apoptosis of ec-
topic, eutopic and normal endometrial stromal cells cultured in vitro from endometriosis patients, and to provide
theoretical basis for exploring new treatments for endometriosis (EMs). Methods: Ectopic, eutopic and normal en-
dometrial stromal cells were isolated, cultured and identified in vitro, then treated with different concentrations of
GnRHII (0, 10 M, 10® M and 10 M). Cell apoptosis was detected by Hoechst staining and flow cytometry. Results:
GnRHIl increased apoptosis in ectopic, eutopic and normal stromal cells in a dosage-dependent manner (P<0.05),
and apoptosis of ectopic stroma cells was significantly higher than that of eutopic and normal cells (P<0.05); apop-
tosis in eutopic and normal cells had no different (P>0.05). Conclusion: GnRHII can significantly induce apoptosis in
ectopic, eutopic and normal endometrial stromal cells from patients with endometriosis, especially to the ectopic.
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Introduction

Endometriosis (EMs) has become the research
hotspot throughout the world due to its unclear
pathogenesis, high incident and recurrent
rates, and its difficulty of treatment [1-3]. Since
GnRHa (gonadotropin-releasing hormone ago-
nist) was used for EMs treatment in 1986 for
the first time, in-depth studies on the mecha-
nism of GnRHa in treating EMs have been car-
ried out [4-6]. The proliferation rate of ectopic
stromal cells from patients with EMs increased
significantly while the apoptosis rate signifi-
cantly decreased. GnRHa Leuprorelin could
inhibit the proliferation of in vitro cultured
eutopic stroma cells of EMs and promoted cell
apoptosis, mediated by increased expression
of the apoptosis-accelerating proteins Bax and
FasL, and decreased expression of apoptosis-
depressing protein Bcl-2 [7].

By virtue of its apoptosis-accelerating and pro-
liferation-inhibiting effects, GnRHa is an effec-
tive drug for EMs treatment and is widely used
in clinical at present. GnRHII is a recently dis-

covered, another form of GnRH, which may also
be the earliest form of GnRH in terms of its evo-
lutionary history. The results of many studies on
the application of GnRHIl in tumor treatment
have been published. GnRHII has a stronger
anti-proliferative effect on oophoroma and
endometrial carcinoma [8-10]. Endometriosis
has similar characteristics of tumor implant,
metastasis and recurrence. However, little is
known about that GnRHII directly regulate apop-
totic effect on endometriosis stromal cell in
vitro?

Materials and methods
Materials

The source of ectopic, eutopic and normal
endometrium: From June 2009 to September
2010, a total of 30 patients with endometriosis
and 16 without endometriosis were included in
this study and all patients had laparoscopic sur-
gery. Formalin fixed tissue for histology pathol-
ogy diagnosis and fresh tissue for cell culture
were collected, the ectopic and eutopic endo-
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metrium were from patients with endometriosis
and normal endometrium was from benign
ovarian cyst. The average age of endometriosis
patients was 31.20+6.13 years (ranging from
23 to 47), the control group was 32.77+9.25
years (ranging from 21 to 49), there was no sta-
tistically significant difference between two
groups’ age (p>0.5). None of the patients
received any hormonal therapy within 6 months
before surgery. All samples were collected with
patients informed consent and approval from
the local ethics committee of the Second
Xiangya Hospital, Central South University,
Changsha, China.

Main reagents and instrumentation: GnRHII
was obtained from Bachem (Switzerland),
DMEM/F12 was from GIBCO (USA), IV-type col-
lagenase and progesterone were from Sigma
(USA), trypsin was from Amresco Inc. (USA),
anti-human monoclonal antibodies against
vimentin, keratin prolactin mouse were from
Wuhan Boster (China), Hoechst 33258 staining
kit was from Shanghai Biyuntian (China). The
FACS Caliber flow cytometer was manufactured
by Becton Dickinson (USA).

Methods

Isolation, culture, and identification of endome-
trial stromal cells: Surgical procedures were
carried out in our hospital. Cell was cultured by
the following steps described previously [11]:
Endometriotic tissue was dissected after rins-
ing, then digested 2-3 h, until the tissue disap-
peared by adding 0.1% of type IV collagenase
solution and 0.25% trypsin digestion (pH 7.4),
at 37°C, and then 100 um and 38 pm Strainer
filtrated and isolated cells, then centrifuged
(800 rpm) 5 min, removed the supernatant,
added DMEM/F12 medium (containing 10%
newborn bovine serum), finally cell morphology
and growth conditions were observed under
inverted microscope, 10*/mL was vaccinated
into 25 cm? cell culture plastic bottle, 37°C, 5%
CO, incubator, semis replacement of medium
after 2-3 d, till cell fusion, the culture of primary
cells were completed. Identification of cultured
cells using vimentin, keratin, and prolactin
(PRL), due to PRL was produced only by ESC in
non-pregnant but not glands and fibroblasts, so
PRL was used to identify the ESC. We identified
cells directly in 6-well cell culture plates, pas-
sages of cell adhesion, then replacement of
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medium, plus 10® mol/L progesterone stimu-
lating 6 d. The ESCs were identified according
to kit instructions by immunocytochemical ABC
method.

Intervention group of endometrial stromal cells

The ectopic, eutopic and normal endometrial
stromal cells were cultured to the third genera-
tions, and then harvested at 80% confluence
by digestion in 0.1% trypsin containing 0.01%
EDTA, and centrifugation at 800 rpm for 3 min.
The supernatant was removed, and fresh
DMEM/F12 medium containing 10% newborn
calf serum was added, and the cells were
resuspended. Then the cells were counted and
seeded into 48-well culture plates at a density
of 2x10°% for each well. When the cells were
close to 80% confluence, 0.5 ml of medium
containing GnRHII at 10°, 108, or 10° mol/L
was added to each well. For a control group,
only 0.5 mL/well of DMEM/F12 medium con-
taining 2.5% newborn calf serum was added.
After culturing for 24 h or 48 h, the culture
medium was collected and stored at -20°C for
subsequent assay of apoptosis.

Hoechst staining

After culturing for 24 h, 1 ml of Hoechst 33258
staining solution (at a concentration of 10 ug/
ml) was added, and incubated at room temper-
ature for 3-5 min. Staining solution was
removed and then cells were washed with PBS.
Anti-fluorescent mounting liquid was added
and the cells were then observed under fluores-
cent microscope. The apoptotic rate was calcu-
lated as follows: 400 cells were randomly
counted under optical microscope at 200x
magnification and the apoptotic rate was
expressed as apoptotic cell number/total cell
numbers x100%. A mean value was obtained
from three parallel wells.

Flow cytometry

After washing cultured cells three times with
PBS solution, the supernatants were collected.
The remaining adherent cells were digested
with 0.25% trypsin solution, and were added
together to the previously collected superna-
tants, and were centrifugated at 800 rpm for 5
min. The supernatant fluid was discarded, then
PBS was added for washing. The above steps
were repeated once. Pre-cooled 70% ethanol

Int J Clin Exp Pathol 2013;6(8):1603-1609



Effect of GnRHIl on the apoptosis of endometriosis stroma cells

Figure 1. Pictures of the apoptosis of eutopic and ectopic endometrail stroma cells (ESC) induced by GnRHII at
different concentrations in vitro by Hoechst staining (x200). A: Eutopic ESC treated with 10® M GnRHII; B: Eutopic
ESC treated with 10® M GnRHII; C: Eutopic ESC treated with 10%° M GnRHII; D: Negative control: eutopic ESC; E:
Ectopic ESC treated with 10® M GnRHIl; F: Ectopic ESC treated with 10® M GnRHIl; G: Ectopic ESC treated with 10%°

M GnRHII; H: Negative control: ectopic ESC.

(4°C) solution was added and gently, evenly
mixed, and allowed to fix at 4°C for 24-72 h.
Cells were used for flow cytometry analysis. The
apoptosis rate Al (%) = hypodiploid apoptotic
cells/total cells x100%, with the mean value of
3 wells.

Statistical analysis

SPSS™ 16.0 Software was used statistical
analysis. Values are expressed as mean
tstandard deviation (x%S). The rate of
apoptosis use two-factor variance analysis. The
least significant difference method (LSD) was
used for comparisons between groups. P<0.05
was considered statistically significant.
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Results

The endometrial stromal cells were identified
by immunocytochemical SABC staining accord-
ing to criteria: i) vimentin positive; ii) keratin
negative; and iii) and prolactin (PRL) positive.

Endometrial stroma cells were treated with
GnRHII at different concentrations (0, 107°,
10® and 10® M), and dye with Hoechst 33258
was used for analysis of apoptotic morphology
in the different groups. The results showed that
the apoptosis of ectopic, eutopic and normal
ESC occurred: karyorrhexis, karyolysis, karyo-
pyknosis, or even with the formation of apop-
totic bodies (Figure 1A-H). Which confirmed
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Table 1. Comparisons of the apoptosis rates among different groups by Hoechst staining (x +S)%

Concentration of GnRHII
oM 10 M 108 M 10° M

Eutopic cells 5.78+0.53* 18.62+2.59"4 47.41+3.57"4 66.16+6.46"*
Ectopic cells 5.79+0.66 31.30+2.93"4 59.28+4.25"4 79.43+6.42"4
Normal cells 5.83+0.56 19.17+4.37" 46.77+£3.48" 65.8945.99"

Notes: With the increase of GnRHII concentration, the apoptosis rates of stroma cells were increased, in a dose-depenent
manner in each group, ‘P<0.05. GnRHII at the same concentration had a stronger apoptosis-inducing effect on ectopic stroma
cells than that on eutopic and normal stroma cells, 4P<0.05. There is no difference between eutopic and normal stroma cells,
AP>0.05.

Table 2. Comparisons of the apoptosis rates among different groups by flow cytometry (X +S)%

Concentrations of GnRHII

oM 10" M 108 M 10°M
Eutopic cells 5.87+0.594 19.30+3.28™* 46.304£5.32" 69.704+8.77"4
Ectopic cells 5.9910.78 33.401£3.97"4 62.41+6.74"4 83.301£9.42"4
Normal cells 5.76+0.64 18.97+3.79" 45.66+4.62" 68.891+6.11"

Notes: With the increase of GnRHII concentration, the apoptosis rates of stroma cells were increased in a dose-depenent man-
ner in each group, *P<0.05. GnRHII at the same concentration had a stronger apoptosis-inducing effect on ectopic stroma cells
than that on eutopic and normal stroma cells, 4P<0.05. There are no difference between eutopic and normal stroma cells,

4pP>0.05.

that GnRHIlI could induce the apoptosis of
endometrial stroma cells in vitro. The apoptosis
rates (%) of ectopic, eutopic and normal cells
are in Table 1. The differences between ectopic
and eutopic groups were statistically signifi-
cance, the ectopic was highest (p<0.05). while
eutopic and normal groups were not difference
(p>0.05). Furthermore, with the increase of
GnRHII concentration (0, 10 M, 10® M and
10¢ M), the apoptotic rate was increasing, and
with a dose-dependence manner in each group
(p<0.05) (Table 1).

Flow cytometric assay of apoptosis in different
groups gave the similar results as the Hoechst
33258 staining. These results were in Table 2
and Figure 2A-D. The apoptosis rate had a sta-
tistically significance difference among three
groups with flow cytometry test, the ectopic
was higher than the other two groups (p<0.05),
while the eutopic and normal groups had no dif-
ference (p>0.05). What is more, with the
increase of GnRHII concentration (0, 10° M,
10® M and 10°® M), the apoptotic rate was
increasing, and with a dose-dependence man-
ner in each group (p<0.05) (Table 2).

Discussion
From the discovery of gonadotropin-releasing

hormone GnRHI (pGlu-His-Trp-Ser-Tyr-Gly-Leu-
Arg-Pro-Gly-NH,), scientists have isolated 22
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variants of GnRH from vertebrates. They are
divided into 3 types (according to binding to
their receptors): GnRHI, Il and Illl. GnRHIIl has
been found only in the forebrain terminal nerves
of bony fishes.

GnRHII, pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-
NH, (the black italics differ from GnRHI), is also
called chicken GnRH, and was isolated from
chicken brains in 1984. The sequence of
GnRHII is complete conserved from bony fish to
human, through 500 million years of evolution,
and is regarded as the earliest forms of GnRH
[12].

GnRHa (that is GnRHI), because of its effective
apoptosis-inducing and proliferation-inhibiting
effects on endometrial stroma cells, has
become the ideal drug for treatment of endo-
metriosis at present. GnRHa has been reported
to inhibit proliferation of eutopic and ectopic
endometrial stroma cells in patients with endo-
metriosis; promote their apoptosis; and
decrease the expression of VEGF (vascular
endothelial growth factor), all of which contrib-
ute to the effectiveness of endometriosis treat-
ment [13, 14]. Results obtained from in vitro
culture have proved that GnRHa Leuprorelin
can inhibit eutopic endometrial stroma cells in
patients with endometriosis and promote apop-
tosis of these cells. The mechanism might be
associated with its up-regulation of Bax and
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Figure 2. Diagrams of the apoptosis of eutopic and ectopic endometrial stroma cells of EMs after being treated with
GnRHII in vitro by flow cytometry. A: Negative control: the apoptosis of eutopic endometrial stroma cells in vitro; B:
An obvious hypodiploid apoptotic apex of eutopic endometrial stroma cells in vitro could be seen after application
of 10°® M GnRHII; C: Negative control: the apoptosis of ectopic endometrial stroma cells in vitro; D: An obvious hypo-
diploid apoptotic apex of ectopic endometrial stroma cells in vitro could be seen after application of 10¢ M GnRHII.

FasL and down-regulation of Bcl-2 [15]. GnRHI
(100 ng/ml) has been shown to promote apop-
tosis of endometrial stroma cells from both
endometriosis patients and normal controls,
while antide (107 M) could block such an effect
[16]. In a study of the different effects of
GnRHa, LING21US (Levonorgestrel-releasing
intrauterine system) and MPA (medroxyproges-
terone acetate) on the apoptosis of endometri-
al stroma cells (using transmission electron
microscopy, TEM), GnRHa had the most stron-
gest effect among the three drugs [17].

GnRHII receptor mRNA was expressed in the
tissues of ovarian cancer and endometrial car-
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cinoma; GnRHII had a greater inhibitory effect
on cell proliferation on these tumor cells than
any other GnRHI agonist effect. GnRHIl also dis-
played an inhibitory effect on the proliferation
of SK-OV-3 cells (an endometrial carcinoma cell
line, which is positive for GnRHII receptors but
negative for GnRHI receptors) while GnRHI ago-
nist (Triptorelin) had no such an effect [8]. Both
GnRHI and GnRHII exert their effects via bind-
ing to GnRHI receptors and GnRHII receptors in
marmosets. However, they have different
degrees of affinities [18]: GnRHI binds to GnRHI
receptor with 48 times higher affinity than
GnRHII binds to GnRHI receptor, while GnRHII
binds to GnRHII receptor with 421 times higher

Int J Clin Exp Pathol 2013;6(8):1603-1609
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affinity than GnRHI binds to GnRHII receptor.
This advantage in binding affinity indicates that
GnRHIlI might have much better treatment
effect than GnRHI [19], and explains why, in
recent years, GnRHII has become the hotspot
of study.

The anti-tumor effect of GnRHIl antagonist was
confirmed in rats: GnRHII could significantly
inhibit the growth of human endometrial carci-
noma and oophoroma in rats, with no apparent
side effects. These results indicate that, similar
to GnRHI antagonist, GnRHII antagonist have
anti-tumor effect both in vivo and in vitro [20].

What is more, the expression of GhnRHII mRNA
in patients with endometriosis (eutopic and
ectopic) was lower than that in normal endome-
trial stroma cells, regardless of proliferative or
secretary phase. And GnRHII could effectively
inhibit the secretion of IL-8 protein and the
expression of COX-2 mRNA and IL-8 mRNA in
endometriosis cells, indicated that GnRHII has
an anti-proliferative and anti-inflammatory
effects on endometriosis cells, and that the
decrease of endogenous GnRHII expression
can lead to the initiation and development of
endometriosis [21].

In this study, endometrial stroma cells were
successfully cultured and identified by using an
improved method. In vitro treatment of these
cultured cells with GnRHII at different concen-
trations resulted in the apoptosis of normal,
eutopic and ectopic endometrial stroma cells,
occurring in the forms of karyorrhexis, karyoly-
sis, karyopyknosis and apoptotic body forma-
tion. Hoechst staining confirmed morphologi-
cally that GnRHII could induce the apoptosis of
in vitro cultured endometrial stroma cells, in a
dose-dependent manner (P<0.05). The rates of
apoptosis among three endometrial stroma
cells exhibited significant differences, the ecto-
pic was the steongest (P<0.05), indicating that
GnRHII has a better apoptosis-inducing effect
on ectopic cells than that on eutopic and nor-
mal cells. In addition, flow cytometry was used
to detect cell apoptosis in our study, and
showed similar results, which further validated
our observation. Leuprorelin (GnRHIa) could
promote the apoptosis of eutopic endometrial
stroma cells in patients with endometriosis,
and such an effect could be cancelled out by
the GnRHI antagonist antide at 107 M. Like the
above studies, our results suggest that GnRHII
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can directly promote the apoptosis of endome-
trial stroma cells in vitro, and in a dosage-
dependent, especially to the ectopic. Which
provide theoretical and experimental basis for
exploring new treatments for endometriosis
(EMs).

Acknowledgment

This work is granted by the health department
of Hunan province (2010-016) and Hunan
Province Natural Science Foundation Project
(12jj3100).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Tuanfang Yin,
Department of Otorhinolaryngology, Second Xiangya
Hospital, Central South University, 139#, Renmin
Road, Changsha, Hunan, China, 410011. Phone:
+8613874870794; E-mail: ytfyin@163.com;
hfy6697@163.com

References

[1] Mamdouh HM, Mortada MM, Kharboush IF,
Abd-Elateef HA. Epidemiologic determinants of
endometriosis among Egyptian women: a hos-
pital-based case-control study. J Egypt Public
Health Assoc 2011; 86: 21-26.

[2] Van de Burgt TJ, Hendriks JC, Kluivers KB.
Quality of life in endometriosis: evaluation of
the Dutch-version Endometriosis Health Pro-
file-30 (EHP-30). Fertil Steril 2011; 95: 1863-
1865.

[3] llangavan K, Kalu E. High prevalence of endo-
metriosis in infertile women with normal ovula-
tion and normospermic partners. Fertil Steril
2010; 93: e10.

[4] Fatima P, Hossain MM, Rahman D, Suman GM.
Outcome of pregnancies after inadvertent ex-
posure to GnRH agonist in early pregnancy.
Mymensingh Med J 2011; 20: 303-307.

[5] Khan KN, Kitajima M, Hiraki K, Fujishita A, Na-
kashima M, Ishimaru T, Masuzaki H. Cell prolif-
eration effect of GnRH agonist on pathological
lesions of women with endometriosis, adeno-
myosis and uterine myoma. Hum Reprod 2010;
25: 2878-2890.

[6] Luisi S, Lazzeri L, Ciani V, Petraglia F. Endome-
triosis in Italy: From cost estimates to new
medical treatment. Gynecol Endocrinol 2009;
28: 1-7.

[7] Tesone M, Bilotas M, Baranao RI, Meresman
G. The role of GNRH analogues in endometrio-
sis-associated apoptosis and angiogenesis.
Gynecol Obstet Invest 2008; 66: 8-10.

Int J Clin Exp Pathol 2013;6(8):1603-1609


mailto:ytfyin@163.com
mailto:hfy6697@163.com

(8]

(9]

(10]

(11]

[12]

[13]

(14]

[15]

Effect of GnRHII on the apoptosis of endometriosis stroma cells

Grundker C, Gunthert AR, Millar RP, Emons G.
Expression of gonadotropin-releasing hormone
Il (GnRH-II) receptor in human endometrial and
ovarian cancer cells and effects of GnRH-Il on
tumor cell proliferation. J Clin Endocrinol
Metab 2002; 87: 1427-1430.

Chui KC, Auersperg N, Leung PCK. Expression
and antiproliferative effect of a second form of
gonadotropin-releasing hormone in normal
and neoplastic ovarian surface epithelial cells.
Clin Endocrinol Metab J 2001; 86: 5075-5078.
Emons G, Grunker C. Expression of gonadotro-
pin-releasing hormone Il (GnRH-II) receptor in
human endometrial and ovarian cancer cells
and effects of GnRH-Il on tumor cell prolifera-
tion. J Clin Endocrinol Metab 2002; 87: 1427-
1430.

Chen JL, Lin QH, Fang XL, Tao GS, Huang FY.
The effect of Progesterone on the ectopic en-
dometrial stromal cells in expression of MMP-2
and MMP-9. Journal of Central South Universi-
ty Medical Science 2005; 30: 307-311.

Millar RP. GnRHII and type Il GnRH receptors.
Trends Endocrinol Metab J 2003; 14: 35-43.
Huang FY, Wang HP, Liu QH, Zou Y. Effect of
GnRHa on cell proliferation and VEGF’s secret-
ing of ectopic and eutopic stromal cells from
patients with endometriosis in vitro. China
Journal of modern Medicine 2011; 21: 79-83,
86.

Han LW, Jiang WG. The effect of GhnRHa on en-
dometrial stromal cell proliferation and Angio-
genesis in endometriosis. Progress in Obstet-
rics and Gynecology 2008; 17: 737-739.
Bilotas M, Baranao RI, Buquet R, Sueldo C,
Tesone M, Meresman G. Effect of GnRH ana-

1609

[17]

[20]

(21]

logues on apoptosis and expression of Bcl-2,
Bax, Fas and FasL proteins in endometrial epi-
thelial cell cultures from patients with endo-
metriosis and controls. Hum Reprod 2007; 22:
644-53.

Meresman GF, Bilotas M, Buquet RA, Baranao
RI, Sueldo C, Tesone M. Gonadotropin releas-
ing hormone agonist induces apoptosis and
reduces cell proliferation in eutopic endome-
trial cultures from women with endometriosis.
Fertil Steril 2003; 80: 702-707.

Deng S, Lang JH, Leng JH. Effects of medical
treatment on apoptosis in eutopic endometri-
um of patients with endometriosis. Journal of
China Medical University 2007; 29: 252-256.
Millar RP. GnRHI and type | GnRH receptors.
Trends Endocrinol Metab J 2003; 14: 35-43.
Harrison GS, Wierman ME, Nett TM, Glode LM.
Gonadotropin-releasing hormone and its re-
ceptor in normal and malignant cells. Endocr
Relat Cancer 2004; 11: 725-748.

Fister S, Gunthert AR, Emons G, Grindker C.
Gonadotropin-releasing hormone type Il an-
tagonists induce apoptotic cell death in hu-
man endometrial and ovarian cancer cells in
vitro and in vivo. Cancer Res 2007; 67: 1750-
6.

Morimoto C, Osuga Y, Yano T, Takemura Y, Ha-
rada M, Hirata T, Hirota Y, Yoshino O, Koga K,
Kugu K, Taketani Y. GnRH Il as a possible cyto-
static regulator in the development of endome-
triosis. Hum Reprod 2005; 20: 3212-3218.

Int J Clin Exp Pathol 2013;6(8):1603-1609



