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Purpose: Adenomyosis has a negative impact on female fertility. GnRH agonist treatment
can improve pregnancy outcomes in women with adenomyosis. However, the impact of GnRH
agonist upon endometrium receptivity of patients with adenomyosis remains unclear. In this
study, endometrial receptivity and pregnancy outcome were investigated using a mouse model
of adenomyosis.

Materials and methods: Adenomyosis was induced in 12 female ICR mice, neonatally treated
with tamoxifen, while another six female mice (control group) received solvent only. At 75 days,
the induced adenomyosis group was randomly divided into two groups: an untreated group and
a group treated with GnRH agonist (n = 6 each). Sixty days later, the mice were mated and
pregnancy outcomes were observed and compared among the three groups (n = 6 each). In a
parallel experiment using the same treatment regimes, uterus samples were collected on day 4
of pregnancy for immunohistochemistry, gene (quantitative polymerase chain reaction) and
protein expression (Western blot), and scanning electron microscopy analyses.

Results: We found that the average live litter size was reduced in the adenomyosis compared
with control group (8 £ 0.56 versus 13 = 0.71; P = 0.03). However, the litter size was signifi-
cantly increased in the treated with GnRH agonist group compared with the untreated group
(12+0.35 versus 8 £0.56; P =0.04). The uterine expression levels of Hoxal0, Hoxal 1, Lifand
integrin b3 mRNA and protein were decreased in the adenomyosis group, and were significantly
increased after GnRH agonist treatment. Additionally, pinopodes were reduced in number and
poorly developed in mice with induced adenomyosis. However, pinopodes were abundant and
well-developed in the GnRH agonist treatment group.

Conclusion: Adenomyosis may have an adverse impact on endometrial receptivity and reduce
pregnancy outcomes in mice. However, GnRH agonist may improve the pregnancy outcome
by partially restoring endometrial receptivity.
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Introduction

Adenomyosis is a benign disorder characterized by ectopic endometrial glands and
stroma within the myometrium. It frequently occurs in women of childbearing age,
and is the main cause of infertility and abortion.!? Studies of postoperative pathology
suggested that adenomyosis occurs in 20% to 30% of hysterectomy cases.>* In assisted
reproductive technology (ART), adenomyosis patients had lower implantation, clinical
pregnancy and ongoing pregnancy rates with an increased miscarriage rate compared
with non-adenomyosis patients undergoing in vitro fertilization (IVF).> As adenomyosis
can impair female fertility, many methods have been used for treatment of adenomyosis.
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Gonadotropin-releasing hormone (GnRH) agonist is widely
used as an effective and non-invasive treatment for uterine
adenomyosis.®’

GnRH is a hypothalamic secretory decapeptide, which
is secreted by nerve terminals at the median eminence and
binds to the GnRH receptor in pituitary gonadotropes.
GnRH stimulation of gonadotropes is required for the
biosynthesis and secretion of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH).® GnRH agonists are
synthetically modeled after the natural GnRH decapeptide
with chemical modifications of the sixth and tenth amino
acids to improve efficacy.’ They play an important role in the
endocrine system by combining with their receptors. GnRH
agonists cause a “flare-up effect” during the first week after
administration. As their receptors are occupied and depleted,
GnRH agonists ultimately lead to loss of FSH and LH secre-
tion, which is called “down-regulation effect”.!” However, the
mechanisms of GnRH agonist actions remain unknown.

The window of implantation is defined as the period of
optimal synchronization between the embryo and endome-
trium, and is a receptive state allowing implantation of a blas-
tocyst into the uterus.'' In clinical studies using ART, patients
with adenomyosis undergo embryo transfer after GnRH
agonist treatment. It is difficult to obtain endometrial samples
from patients during the implantation window because of
ethical reasons, and mouse models of adenomyosis provide
a valuable research platform. In women with regular 28-day
cycles, the window of implantation corresponds to menstrual
days 21-24.'> However, in mice, the implantation window
extends from the morning of day 4 (day of plug = day 1) to
the end of day 5 of pregnancy."

To date, the relationship between GnRH agonist treat-
ment and pregnancy outcome in mice with adenomyosis
remains unreported. Endometrial receptivity is a key factor
for embryo implantation, and we suspect that GnRH ago-
nist may play a role regulating endometrium receptivity.
Assessment of implantation markers, such as homeobox
A10 (Hoxal0), homeobox All (Hoxall), integrin b3,
leukemia inhibitory factor (Lif) and pinopodes can provide
an estimation of endometrium receptivity. They are mainly
expressed in endometrium and closely related to the endo-
metrial receptivity. So, they were most widely used to assess
endometrial receptivity.'*'¢

Homeobox genes play an important physiological role in
endometrial growth, differentiation, implantation and decidu-
alization through regulating stromal cell responsiveness to
progesterone.!” HoxalO and Hoxall are widely regarded
as necessary for the establishment of pregnancy. HoxalO is

expressed mainly in the developing uterus, and Hoxall is
expressed in the developing uterus and cervix.'® Lif is another
key marker of endometrial receptivity.'® It is a key factor of
blastocyst implantation, and its expression increases in the
secretory phase.? Lif was shown to be important for embryo
implantation in mice.?! Pinopodes are an important morpho-
logical marker of endometrial receptivity. The appearance
of pinopodes on the surface of endometrium takes place
during the implantation window. Abundant and developed
pinopodes correlate with implantation success, whereas many
patients with multiple implantation failures fail to produce
pinopodes.?? The integrin b3 is expressed on the luminal and
glandular epithelium of the endometrium, which facilitates
embryo attachment to the surface of the endometrium and
early development.!” The integrin b3 plays an important role
in reproduction, and is currently being evaluated as a target
for unexplained infertility.?

To the best of our knowledge, this is the first study to
investigate whether GnRH agonists improve pregnancy out-
come through altering uterine receptivity in the adenomyosis
mouse model.

Materials and methods

Pregnancy outcome

Ten pregnant Institute of Cancer Research (ICR) mice were
used in this study (Shanghai Laboratory Animal Corporation,
Shanghai, China). Female pups were then selected for use.
We established models of adenomyosis by administering
tamoxifen to neonatal mice (2.7 wmol/kg tamoxifen orally
in the neonatal period). Prior studies have suggested that this
method has the advantage of a high success rate in adenomyo-
sis model.?*?* Twelve neonatal mice were treated orally with
2.7 umol/kg tamoxifen (Shanghai Fudan Forward Science &
Technology Co., Ltd, Shanghai, China) suspended in a peanut
oil/lecithin/condensed milk mixture (2.0:0.2:3.0, by volume)
once daily on days 2 to 5 after birth (day of birth = day 1).
Six female neonatal control mice received vehicle only. All
mice were housed in an animal care facility under the same
feeding conditions (20°C, 12:12 light—dark cycle with lights
on at 06:00). After 75 days, tamoxifen mice were randomly
allocated to two groups, with six mice in each group. One
group received a single intraperitoneal dose of 8§ mg GnRH
agonist (Ferring GmbH, Kiel, Germany). The second group
received the same amount of solvent, without GnRH agonist.
After 28 days, each female was mated by one male mouse
from 19:00 to 07:00 and then checked for the presence of a
vaginal plug at 08:00 the next day. The female mice remained
with the male for 6 days. The day of the vaginal plug was
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designated gestation day 1. Pregnant mice were individually
caged then average litter size was recorded 30 days after
mating. The parturition rate was defined as the total number
of litters divided by the total number of matings.

Uterine receptivity

Another three groups of mice received the same treatments
described above and were used to study uterine receptivity.
Mice from the three groups were euthanized at 19:00-20:00
on day 4 of pregnancy. Uterine and endometrial tissue was
divided into three sections: one was fixed in 4% formalin
and embedded in a paraffin block and cut into 4 mm sections
for H&E pathological analysis and immunohistochemical
analysis, another was fixed immediately in 2.5% glutaral-
dehyde solution for electron microscopy, and the remaining
tissues were immediately snap frozen and stored at —80°C
for further use.

Immunohistochemistry

Fixed uterus samples were cut into 4 um-thick slices. For
immunohistochemistry, dewaxed and rehydrated sections
were incubated with 3% H,0O, for 30 min to block endog-
enous peroxidase activity. Sections were rinsed in PBS,
blocked with 10% normal goat serum (Fuzhou Maixin Bio-
technology, Fuzhou, China) for 30 min and then incubated
with goat anti-mouse Hoxal0 polyclonal antibody (Abcam,
Cambridge, UK; 1:100 dilution), rabbit anti-mouse Hoxal 1
polyclonal antibody (Abcam; 1:200 dilution), rat anti-mouse
Lif monoclonal antibody (Abcam; 1:100 dilution) and rabbit
anti-mouse integrin-b3 polyclonal antibody (Abcam; 1:100
dilution) overnight at 4°C. After two rinses in tris-buffered
saline, the slides were incubated with secondary biotinylated
rabbit anti-goat secondary antibody (Proteintech Group,
Inc., Rosemont, IL, USA), goat anti-rabbit secondary anti-
body (Proteintech Group, Inc.) and goat anti-rat secondary
antibody (Proteintech Group, Inc.) for 1 h at room tem-
perature. Positive controls were tissue sections containing
the relevant antigens. Negative controls were performed by
incubation with PBS instead of primary antibody. Reactivity
in the endometrial glands and luminal surface epithelium
of the uterine was evaluated (average positive stained area
percentage) by two independent investigators blinded to
each other.

Scanning electron microscopy

Fixed samples were washed with PBS and then post-fixed
in 1% osmium tetroxide for 2 h at 4°C. Samples were then
dehydrated in graded alcohols, dried in a critical point drier

(HITACHI HCP-2; Hitachi High-Technologies Corp., Tokyo,
Japan), coated with palladium gold and examined using
a digital scanning electron microscope (Quanta-200JSM;
Philips, Amsterdam, Netherlands). Pinopode formation was
evaluated by two independent investigators blinded to each
other. The semi-quantitative evaluation system was as fol-
lows: 0 (0%), 1 (<25%), 2 (25%—50%) and 3 (>50%).

Real-time polymerase chain reaction (RT-PCR)

RNA was prepared using Trizol reagent (Thermo Fisher
Scientific Inc., Waltham, MA, USA) according to instruc-
tions. For each sample, 1 ptg of RNA was converted to cDNA
using the iScript cDNA synthesis kit (Bio-Rad Laboratories
Inc., Hercules, CA, USA). The quantitative RT-PCR was
performed using SYBR-green PCR Master Mix in a Fast
Real-time PCR 7500 System (Thermo Fisher Scientific Inc.).
The primers used in this study were designed by Sangon
Biotech Co., Ltd (Shanghai, China). Relative gene expression
was analyzed according to the 22t method. All samples
were assayed in triplicate reactions. The B-actin gene was
used as a housekeeping gene to normalize the expression
level. Sequences of the forward (F) and reverse (R) primers
for RT-PCR were as follows: Hoxal0 (NM_001122950.2),
F-5-GCCCCTTCAGAAAACAGTAAAG-3, R-5-AGGT
GGACGCTACGGCTGATCTCTA-3"; Hoxall
(NM_010450.3), F-5-TCCAGCCTCCCTTCTTTTTTG-3,
R-5"-GTAGCAGTGGGCCAGATTGC-37;
Lif(NM_001039537.2), F-5"-GATGGTCGCATA
CCTGAGC-3", R-5"-ACAGACGGCAAAGCACATT-3;
Integrin b3(NM_016780.2), F-5-GGCGTTGTTGTTG
GAGAGTC-3", R-5-GCCTCACTGACTGGGAACTC-3".

Western blotting

Protein extracts from the endometrium of mice were pre-
pared using RIPA lysis buffer (Beyotime Biotechnology,
Jiangsu, China) with a protease inhibitor cocktail (EMD
Millipore, Billerica, MA, USA) on ice for 15 min. Protein
concentrations were calculated using a BCA protein assay
kit (Thermo Fisher Scientific Inc.) according to the manufac-
turer’s instructions. Equal amounts of protein were loaded
and separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and then transferred onto polyvinylidene
difluoride membranes (EMD Millipore). The membrane
was blocked for 1 h using 5% non-fat milk in tris-buffered
saline with 0.05% Tween-20 detergent on a shaker for 2 h
and then incubated with primary antibody against Hoxal0O
(ab191470), Hoxall (ab54365), Lif (ab138002) and integ-
rin b3 (ab38460) (1 mg/mL, 1:1,000 dilution; Abcam) and
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rabbit anti-mouse glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH; AP0063; Bioworld Technology Inc., Min-
neapolis, MN, USA) as an internal control overnight at 4°C.
After washing three times in PBS with Tween 20, the mem-
brane was blotted with the appropriate conjugated secondary
antibody for 1 h at room temperature and washed three times
in PBS with Tween 20. The protein bands were visualized
using the ECL kit (Thermo Fisher Scientific Inc.). The band
intensity was quantified using Adobe Photoshop 5.0.

All experiments were performed under the guidelines of
the National Research Council’s Guide for the Care and Use
of Laboratory Animals® and approved by the institutional
experimental animals review board of Ruijin Hospital Affili-
ated to Shanghai Jiaotong University School of Medicine.

Statistical analysis

Statistical differences were analyzed using statistical
package for the Social Sciences software 17.0 (SPSS Inc.,
Chicago, IL, USA). The distribution of data was tested using
Kolmogorov—Smirnov test. Normally distributed data were
compared using one-way analysis of variance (ANOVA).
If the data were statistically significant among the three
groups, post-hoc analysis was used for comparison between
two groups. Unusually distributed data were compared
using the Kruskal-Wallis H test. The y? test was used to
analyze the scores of pinopodes. Results are represented
as the mean + SD. P < 0.05 was considered statistically
significant.

Results

Modeling results

The feasibility of modeling method is validated by patho-
logical examination (Figure 1A and B). Among the 21
mice, three died in the experimental progress and one was
unsuccessful in the model establishment, suggesting that the
treatment of neonatal mice with tamoxifen is an effective
method of modeling adenomyosis.

Figure | Light microscopy of uteri from (A) the control group and (B) the
adenomyosis group stained with H&E (x100 magnification).
Note: The arrow marked the ectopic endometrium (B).

Pregnancy outcome

Using one-way ANOVA, we found that the average live
litter size was statistically significant among the three
groups (F =6.37, P=0.02); post-hoc analysis was used for
comparison between two groups. We found that the average
live litter size was significantly reduced in the adenomyosis
group than the control group (8 = 0.56 versus 13 + 0.71;
P =0.03). However, average litter size was increased in the
GnRH agonist treatment group (12 + 0.35 versus 8 + 0.56;
P =0.04) as shown in Table 1. There was no significant dif-
ference in parturition rates among the three groups (83.33%
versus 50% versus 66.67%, P =0.73).

Uterine receptivity

Immunocytochemistry

As shown in Figure 2A, Hoxal0 and Hoxal 1 immunostaining
was detected in the nucleus of glandular epithelial cells and
endometrial luminal epithelial cells. Additionally, Lif and
Integrin b3 were mainly expressed in the cytoplasm of glan-
dular epithelial cells and endometrial luminal epithelial cells.
Compared with the control group, the expression levels of
Hoxal0, Hoxall, Lif and integrin b3 were significantly lower
in the adenomyosis group (9.81 £ 0.23 versus 23.34 £ 0.62,
P =0.02;9.51 £ 0.24 versus 14.67 £ 0.05, P=0.03; 4.13
0.55versus 5.97+£0.04, P=0.04;11.37+£0.31 versus 32.11 &
0.34, P=0.01). However, their expression levels were signifi-
cantly increased after GnRH agonist treatment (18.81 £ 0.57
versus 9.81+£0.23, P=0.03;17.89+0.17 versus 9.51 £ 0.24,
P=0.02;563%20.12 versus 4.13 £ 0.53, P=0.04; 21.34 £
0.45 versus 11.37 £ 0.31, P = 0.04; Figure 2B).

Hoxal0, Hoxal I, Lif and integrin b3 mRNA and
protein expression during the implantation window
When compared with the control group, the expression levels
of Hoxal0, Hoxall, Lif and integrin b3 mRNA were sig-
nificantly decreased in mice with adenomyosis (0.25 £0.01
versus 1.00 £ 0.00, P = 0.03; 0.21 £ 0.02 versus 1.00 £ 0,
P=0.02;0.11£0.01 versus 1.00 =0, P=0.001; 0.45 £ 0.02
versus 1.00 £ 0, P = 0.03; Figure 3). However, after GnRH

Table | Pregnancy outcomes

CG AG GG P-value

Average litter size 13+0.71 8+0.56* 12+035 0.02
Parturition rate, % (n/n) 83.33 (5/6) 50.00 (3/6) 66.67 (4/6) 0.73

Notes: The results are represented as the mean = SD. P < 0.05 was considered
statistically significant. The parturition rate = total number of litters/total number
of matings. *Adenomyosis group versus control group; P = 0.03. ®GnRH agonist
treatment group versus adenomyosis group; P = 0.04.

Abbreviations: CG, control group; AG, adenomyosis group; GG, GnRH agonist
treatment group.
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Figure 2 Representative (A) images (X400 magnification) and (B) quantification of Hoxal0, Hoxal I, Lif and Integrin b3 protein expression in the endometrium during the
implantation window.

Notes: *AG versus CG, **GG versus AG.

Abbreviations: Lif, leukemia inhibiting factor; CG, control group; AG, adenomyosis group; GG, GnRHagonist treatment group.
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Figure 3 Quantitative analysis of average Hoxal0, Hoxal I, Lif and Integrin b3 mRNA levels in the endometrium during the implantation window was evaluated by quantitative

real-time RT-PCR.
Notes: *AG versus CG, **GG versus AG.

Abbreviations: Lif, leukemia inhibiting factor; CG, control group; AG, adenomyosis group; GG, GnRHagonist treatment group.

agonist treatment, endometrial expression levels of Hoxal0,
Hoxall, Lif and integrin b3 mRNA were significantly
upregulated in mice with adenomyosis (0.47 = 0.01 versus
0.25£0.01,P=0.02;0.47£0.03 versus 0.21 £0.02, P=0.02;
0.64 £0.03 versus 0.11 £0.01, P=0.01; 0.68 £0.01 versus
0.45+0.02, P =0.04; Figure 3).

We further examined the protein expression levels of
Hoxal0, Hoxall, Lif and integrin b3 in the three groups.
The results were similar to the expression levels of mRNA
(0.67 £ 0.02 versus 1.00 = 0, P = 0.04; 0.27 £ 0.02 versus
1.00 £ 0, P =0.02; 0.53 £ 0.01 versus 1.00 £ 0, P = 0.03;
0.75 £ 0.01 versus 1.00 = 0, P = 0.03). As shown in
Figure 4A and B, protein expression levels of Hoxal0, Hoxall,
Lif and integrin b3 were significantly higher in the GnRH
agonist treatment group compared with the adenomyosis
group (0.89 £ 0.01 versus 0.67 £ 0.02, P=0.03; 0.97 £ 0.01
versus 0.27 £0.02, P=0.01; 0.68 £ 0.02 versus 0.53 £ 0.01,
P =0.04;0.83 £ 0.02 versus 0.75 £ 0.01, P =0.03).

Expression of pinopodes during the implantation
window

Scanning electron micrographs of pinopodes were compared
in tissue samples (Figure 5A). We observed many well-
formed pinopodes in the control group. However, only a few
small and scattered pinopodes were found distributed over

the endometrial surface in the adenomyosis group. There
were significant differences in the proportion of pinopodes
exhibiting different morphologies and pinopode coverage
between the two groups (Figure 5B, P = 0.001). Pinopode
morphology and coverage were significantly improved after
GnRH agonist treatment (Figure 5B, P = 0.003).

Discussion
Adenomyosis is an important factor leading to infertility
and abortion, and has a detrimental effect on IVF clinical
outcomes.? Its pathogenic mechanism includes disrupting
normal uterine contraction and disturbing embryo implan-
tation with aggregation of macrophages, cytokines and
immunological factors within the superficial endometrial
glands,” damaging fertilized eggs and inhibiting embryo
development via abnormal concentrations of intrauterine
free radicals.?’” Other possible biological mechanisms for
this effect include alterations of adhesion molecules, cell
proliferation and apoptosis.?®

Because of the negative effects on female fertility and its
high incidence in women of childbearing age, the treatment
of adenomyosis has been widely studied in the reproduc-
tive medicine field. The non-invasive and reliable GnRH
agonist treatment of adenomyosis is widely used.”** GnRH
agonist provides an advantage in the treatment of diffuse
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Figure 4 Hoxal0, Hoxal I, Lif and Integrin b3 protein expression (by Western blot) in the endometrium during the implantation window the CG, AG and GG (A).
Quantitative analysis of Hoxa |0, Hoxal I, Lif and Integrin b3 protein expression levels normalized by Gapdh expression in each group (B).

Notes: *AG versus CG, **GG versus AG.

Abbreviations: Lif, leukemia inhibiting factor; CG, control group; AG, adenomyosis group; GG, GnRHagonist treatment group.

adenomyosis, which unlike focal adenomyosis cannot be
easily excised.?® At present, it is generally thought that
GnRH agonist administration suppresses ovulation and the
production of estrogen, and then causes atrophy of the ectopic
endometrium. Other research showed that GnRH agonist
therapy significantly reduced the inflammatory reaction and
angiogenic response and induced considerable apoptosis in
different tissues of patients with adenomyosis.’*? Addi-
tionally, our previous study revealed that reduced levels of
autophagy may be one pathogenic factor for adenomyosis,
and GnRH agonist treatment may improve the impaired
autophagy level and pregnancy outcome.** However, oppos-
ing evidence in one retrospective study suggested that GnRH
agonist treatment did not improve the pregnancy outcome
of patients with adenomyosis or endometriosis, and the
researchers argued against its usefulness in the treatment of
adenomyosis-induced infertility.>* As the effects of GnRH
agonist on fertility remain debatable, we studied whether
GnRH agonist could improve the pregnancy outcome in a

mouse model of adenomyosis and its effects on endometrial
receptivity.

Litter size is one important parameter in the assessment
of female reproduction in mice. In the current study, we
demonstrated that the average litter size was reduced in the
adenomyosis compared with the control group. Furthermore,
we observed a significant increase in the average litter size in
the adenomyosis group undergoing GnRH agonist therapy,
suggesting that GnRH agonist improved the pregnancy out-
come in mice. These results are also consistent with previous
experimental studies in humans.*

The implantation window is a crucial period when the
uterus is receptive for the implantation of blastocysts, so it
is important to understand the mechanisms of GnRH agonist
actions in this period. In humans, blastocyst implantation
occurs about 9 days after ovulation, ranging between 6 and
12 days.’® In mice, blastocyst implantation into the uterus
occurs on the evening of day 4 post-coitum.!" We chose this
time point to study the expression of endometrial receptivity
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Figure 5 Scanning electron microscopy images of pinopodes in the endometrium during the implantation window CG, AG and GG (A). Pinopodes score for the CG, AG

and GG during the implantation window (B).
Notes: *AG versus CG, **GG versus AG. Magnification x4,000.

Abbreviations: CG, control group; AG, adenomyosis group; GG, GnRHagonist treatment group.

markers, which reflect the functional characteristics of endo-
metrial receptivity.

Our current research revealed a significant decrease in
Hoxal0, Hoxall, Integrin b3 and Lif mRNA and protein
expression levels in the adenomyosis compared with the
control group. In addition, we observed a significant increase
in Hoxal0, Hoxall, Integrin b3 and Lif mRNA and protein
expression levels after GnRH agonist therapy. This observa-
tion is in agreement with the results shown in the previous
mouse studies. They found that compared with the pregnant
mare serum gonadotropin (PMSG) alone protocol, PMSG +
GnRH agonist co-treatment can elevate the expression levels
of integrin b3 and Lif and improve the implantation rate,
suggesting that PMSG + GnRH agonist co-treatment may
potentially improve uterine receptivity through the restora-
tion of physiologically endometrial secretion in the ovarian
stimulation cycle.?’

Hoxa-10 and Hoxa-11 are the members of the homeo-
box gene family. They play an important role in murine
uterine receptivity for implantation.'** In the secretory
phase of the implantation period, endometrial Hoxa-10
and Hoxa-11 mRNA expression levels are upregulated and
improve endometrial receptivity. Mutations of these two genes

in mice can lead to female infertility.'*!8 Lif, an IL-6-family
cytokine, influences endometrial receptivity during the early
implantation window by regulating the Lif receptor on both
the embryo and endometrium, and affects trophoblast func-
tion and vascular formation in the placenta.?>** Moreover, the
knockout of Lif in mice leads to infertility.*® Other findings
showed that Lif may maintain the proper development of
the endometrium and implantation receptivity by regulating
downstream target genes. One study suggested that uterine
receptivity and implantation was regulated by the Lif-Lift/
gp130-JAK/STATS3 signaling pathway.*!

Disruptive changes during the implantation period in
mice may arise from changes in the distribution or level
of expression of genes regulating endometrium receptiv-
ity, including Hoxal0, Hoxall and Lif."* However, it is
unknown if the present finding of increased endometrial
Hoxal0, Hoxall, Lif and integrin b3 mRNA expres-
sion after GnRH agonist treatment was associated with a
pituitary downregulation effect or a consequence of other
factors associated with tamoxifen-induced adenomyosis.
Xiao-xia et al found that GnRH agonist may increase the
apoptotic ratio of cultured adenomyosis endometrial cells.
In addition, they also found that GnRH agonist can directly
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suppress the survival and growth of ectopic endometrial cell
by suppressing the secretion of vascular endothelial growth
factor (VEGF).*? In work by Lee et al, altered endometrial
gene expression was reported to be associated with altered
epigenetic programming in women with endometriosis.*
In another endometriosis study, methylation patterns of
the HoxalO gene were analyzed in baboons with induced
endometriosis. In this research, the promoter F1 region was
found to be more significantly methylated in animals with
endometriosis, and was proposed to be related to decreased
Hoxal0 expression.* Therefore, changes in the expression
of Hoxal0 and Hoxal 1 after GnRH agonist therapy maybe
correlated with changes to repressive histone and DNA
methylation in the F1 promoter regions.

We also investigated a key morphological marker (pinopo-
des) during the implantation window to determine more
accurately the endometrial receptivity. Our study showed that
pinopodes were reduced in number and poorly developed in
the adenomyosis compared with the control group during the
implantation window. Moreover, pinopodes were abundant
and well-developed in the GnRH agonist therapy group.
This morphological finding indicated that GnRH agonist
therapy may improve endometrial receptivity. Pinopodes
may influence the concentration of endometrial fluids near the
implantation site, thus facilitating the process of adhesion and
invasion. Pinopodes may also elevate the implantation surface
toward the embryo* or release implantation-facilitating or
promoting molecules.*® Quinn et al suggested that blastocysts
attach to pinopodes during the initial processes of implantation
in vitro.*’” So a large number of fully developed pinopodes
favor embryo implantation and early development. It is con-
sistent with the results obtained from our study. GnRH agonist
could also improve the pregnancy outcome in adenomyosis by
increasing the number of fully developed pinopodes in vivo.
In addition, it has been illustrated that there is a positive cor-
relation between HoxalO and pinopodes. The upregulation
of Hoxal0 can increase the number of pinopodes.* This sug-
gested that they are a cause-and-effect relationship rather than
a paralleled relationship. In addition to all of the above men-
tioned factors, a considerable amount of research has shown
that pinopode formation is progesterone dependent.*’ Proges-
terone level rises after ovulation, so the number of pinopodes
increase during luteal phase. Based on this view, we thought
that luteum insufficiency could hinder pinopode development
causing spontaneous abortion, which could be the pathophysi-
ologic mechanism of some spontaneous abortion patients.

The main limitations of this study were the small num-
ber of animals studied and the lack of confirmation of these

results using human samples. Although humans and mice
are both mammals, the adenomyosis mouse model will not
entirely reflect the natural course of the human disease.
Therefore, future experiments should examine the current
findings in patients with adenomyosis. In addition, the
downstream signaling pathways of these implantation period
genes should be further determined, such as the JAK/STAT3
signaling pathway.

Conclusion

In summary, we propose that GnRH agonist treatment may
improve the pregnancy outcome in mice by improving uterine
receptivity. These results provide insights into the potential
molecular mechanisms of GnRH agonist actions in adeno-
myosis therapy. Embryo implantation is a complicated pro-
cess likely to involve many molecular mechanisms working
together, which will require consideration for further study
into the actions of GnRH agonist therapy for adenomyosis.
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