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Abstract

Ubiquitination is a regulatory mechanism that occurs after protein translation. To date, few studies have reported on ubiquiti-
nation during embryo implantation. We used real-time quantitative polymerase chain reaction, immunohistochemistry, and
Western blotting analyses to analyze the expression of speckle-type pox virus and zinc finger (POZ) protein (SPOP; an adapter of
E3 ligases of ubiquitination) in mouse uteri during early pregnancy and pseudopregnancy using an artificially induced decid-
ualization model and a steroid hormone—processing model. At the same time, we established an artificially induced decidualization
in vitro model. We observed that SPOP regulates endometrial stromal cell decidualization in mice and that hormones regulate the
expression of SPOP. This study suggests that ubiquitination may be involved in embryonic implantation.
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Introduction

A bidirectional interaction of the blastocyst with the maternal
endometrium is a key for successful pregnancy. The special
stromal cells surrounding the implanting embryo undergo pro-
liferation and subsequently differentiate into decidualization
cells in the endometrium, which support embryo growth and
maintain early pregnancy. Stromal cell decidualization is regu-
lated by the ovarian steroid hormones estrogen (E2) and proges-
terone (P4). Under the influence of those steroids, the stroma
expresses genes important for blastocyst implantation.' In
other words, steroid hormones regulate differential expression
of different genes in which stromal cell plays a key role.
Based on the results from next-generation sequencing and
bioinformatics analyses, we found that the expression of
speckle-type POZ protein (Spop) was significantly different
in the D5 implantation site (IS) compared to the D5 inter-IS
(ITS). SPOP is a highly conserved 42-kDa protein. It includes
3 domains and has 374 residues. The domains contain an
N-terminal MATH domain (residues 28-166) that recruits sub-
strates, a C-terminal nuclear localization sequence (residues
365-374), and an internal BTB domain (residues 190-297) that
binds Cul3.*® The main function of Spop is involved in ubi-
quitination. Ubiquitination has been confirmed as a regulatory
mechanism that occurs after protein translation. Ubiquitination
can regulate cell proliferation, differentiation, and apoptosis by
degrading target protein.’ Ubiquitination occurs through 3
classes of enzymes termed E1 (activating enzyme), E2 (trans-
port enzyme), and E3 (ligase). Among these, E3 ubiquitin

ligase determines the selection of specific substrates.'®'! The
SPOP is an E3 ubiquitin ligase adaptor, and it plays an impor-
tant role in the selectivity of E3. Therefore, SPOP is significant
for ubiquitination and the subsequent proliferation or differen-
tiation by ubiquitin regulation. Until now, research about the
expression and function of ubiquitin-related proteins in the
endometrium is limited; for example, p27 and its ubiquitin
ligase Skp2 expression in endometrium of in vitro fertilization
patients with repeated hormonal stimulation, modulation of
ubiquitin system genes in human endometrial cell line infected
with mycobacterium tuberculosis, neural precursor cell
expressed developmentally down-regulated protein 4
(NEDD4) ubiquitin ligase is a putative oncogene in endome-
trial cancer, and so on.'?'* At the same time, some studies
found SPOP plays a role in steroid receptor activation. In addi-
tion, it regulates Hedgehog signaling pathway that affects
development of embryos after combining Gli2 and Gli3.
Furthermore, SPOP promotes the phosphorylation of PI3K
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signaling pathway, which plays an important role in embryo
implantation.'>**

In order to understand the role of ubiquitin-related genes in
stromal cell decidualization, we designed the following experi-
ments to study Spop expression and function in endometrial
stromal cell decidualization during early pregnancy in mice.

Materials and Methods

Mice and Treatments

Eight- to 10-week-old female and male Kunming mice were
selected for the study. All of the mice were housed in the
Animal Facility of Chongqing Medical University (Certifica-
tion No.: SCXK [YU] 20120127). The animal procedures were
performed according to the Ethics Committee of Chongqing
Medical University. The mice in this study were maintained in
a nonspecific pathogen-free room in the experimental animal
center of Chongqing Medical University. All of the animals
involved in the experiments were fed with laboratory chow and
water under a constant photoperiod (14:10-hour light—dark
cycle). The female mice were caged with males in 1:3 ratios,
and the appearance of the vaginal plug was designated as day 1.

The pregnant mice were randomly assigned to 7 groups (D1-
D7), containing 8 mice per group. Additionally, female mice
were caged with vasectomized males (2 weeks after vasect-
omy) at a 1:3 ratio to induce pseudopregnancy models, and the
appearance of the vaginal plug was designated as pseudopreg-
nancy day 1 (PD1).** The pseudopregnant mice were also ran-
domly assigned to 7 groups (PD1-PD7), containing 8 mice per
group. After being anesthetized with 0.2 mL of 10% chloral
hydrate, the females in each group were killed between 09:00
and 09:30 am. Part of the endometrium tissue was collected and
stored in liquid nitrogen for real-time quantitative polymerase
chain reaction (RT-qPCR) and Western blotting (WB) analyses,
and the rest of the uteri tissue was fixed in 4% paraformaldehyde
for immunohistochemistry (IHC). The tissue of 8 females in
each group was divided into 3 tissue pools containing the uteri
of 2 or 3 mice to meet the needs for RT-qPCR and WB. The
method for collecting the ISs and IISs tissues was described in a
previous report.*® The ISs, on day 5 of the pregnancy, were
identified by intravenous injection through tail vein of 0.1 mL
of 1% Chicago blue (Sigma, St Louis, Missouri).

Artificial decidualization was induced by intraluminal
injections of corn oil (10 mL/mouse) in day 4 mice in the
morning during the pseudopregnancy, whereas the contralat-
eral horn without any infusion served as the control. The
females were killed at day 8 of the pseudopregnancy, and the
decidual reaction was confirmed by an increased uterine
weight and histological examination. The uteri were pro-
cessed for IHC analysis.

Steroid Hormone Processing Model

To test the ovarian hormonal influence on uterine SPOP
expression, females were ovariectomized and rested for 7

daysm'29 and were subsequently injected with oil (0.1 mL/

mouse), E2 (100 ng/mouse), P4 (2 mg/mouse), or a combina-
tion of E2 and P4. A portion of the females were subcuta-
neously injected with Fulvestrant (ICI 182 780; 0.5 mg/
mouse; Tocris Cookson, Inc, Ballwin, Missouri) 2 hours before
the E2 injection and with RU486 (progesterone [PR] antago-
nist, 2 mg/mouse, M8046; Sigma) 2 hours before the P4 injec-
tion, or a combination of ICI and RU486. The females were
killed, and the uteri were collected 8 hours after each treatment.

Primary Uterine Stromal Cell Culture and In Vitro
Decidualization

Murine primary uterine stromal cells (mESCs, mouse endome-
trium stromal cells) were isolated and cultured as described
previously with some modifications.***! Uterine horns from
D4 pseudopregnant mice were split longitudinally to expose
the uterine lumen and were placed into a sterile Petri dish.
Then, they were cut into small pieces (3-4 mm). After washing
thoroughly with Hanks’ balanced salt solution (HBSS; BOS-
TER, China), the uterine tissues were placed in 5-mL HBSS
containing 1% (wt/vol) trypsin (BOSTER) and 6 mg/mL dis-
pase (Roche, Indianapolis, Indiana) for 1 hour at 4°C followed
by 1 hour at room temperature and then 10 minutes at 37°C.
Following the digestion steps, the tissues were gently pipetted
up and down multiple times to dislodge the sheet of luminal
epithelial cells using a 1-mL pipette, and the supernatant con-
taining the epithelial cells was discarded. The remaining tissues
were rinsed 3 times with HBSS and incubated in 2-mL HBSS
containing 0.15-mg/mL collagenase I (Invitrogen, Carlsbad,
California) at 37°C for 30 minutes.”’ Following the digestion
steps, the tissues were gently pipetted up and down multiple
times to dislodge the sheet of luminal epithelial cells using a 1-
mL pipette, and the supernatant containing the epithelial cells
was discarded. The remaining tissues were rinsed 3 times with
HBSS and incubated in 2-mL HBSS containing 0.15-mg/mL
collagenase I (Invitrogen) at 37°C for 30 minutes. The digested
cells (mESCs) were then vigorously shaken and passed through
a 70-pm nylon filter to eliminate clumps of epithelial cells and
then were centrifuged, and the pellet was washed twice with
HBSS. The mESCs were resuspended in complete medium
consisting of Dulbecco Modified Eagle medium (DMEM)-
nutrient mixture F-12 Ham (DMEM-F12, Sigma) with 10%
heat-inactivated fetal bovine serum (FBS; Biological Indus-
tries, Inc, Israel). The cells were plated at a density of
2 x 10° cells per 6-well cell culture plate in phenol red-free
culture medium (DMEM/Hams F-12, 1:1) with 10% charcoal-
stripped FBS and 10-U/mL penicillin—streptomycin solution
(Co0222; Beyotime). After an initial incubation for 1 hour, the
unattached cells were removed by several washes with fresh
phenol red-free culture medium (DMEM/Ham F-12, 1:1) and
cell culture continued after the addition of fresh phenol red-free
culture medium (DMEM/Ham’s F-12, 1:1) containing 10%
charcoal-stripped FBS, estradiol-178 (E2,10 nmol/L), and P4
(1 mmol/L) and 10-U/mL penicillin—streptomycin solution to
induce decidualization.
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Immunohistochemistry

Immunohistochemistry was performed using 5-um paraffin-
embedded sections. The tissues were fixed in 4% paraformal-
dehyde, dehydrated via graded ethanol solutions, and
embedded in paraffin.>? The procedure for the IHC analysis
was described previously.*® The tissue sections were dewaxed
in xylene and rehydrated in descending concentrations of
ethanol, followed by antigen retrieval and cooling to room
temperature. The following experiments were performed
using Histostain-Plus Kits (Zhongshan Golden Bridge Bio-
technology, China), and the chromogenic reaction was per-
formed with 3, 30-diaminobenzidine (Zhongshan Golden
Bridge Biotechnology) according to the manufacturer’s pro-
tocol. The primary antibody used in this study was a rabbit
monoclonal anti-SPOP antibody at a 1:300 dilution (Abcam,
United Kingdom). As a negative control, the primary antibo-
dies were replaced with phosphate-buffered saline. The sec-
tions were counterstained with hematoxylin and mounted
with resinene. The IHC images were captured on an Olympus
microscope (BX40, Olympus, Japan).

Real-Time RT-PCR Analysis

Total RNA was extracted from the mice endometrial tissues
with TRIzol reagent (TaKaRa, China) and was reverse tran-
scribed into cDNA using the PrimeScript RT Reagent Kit
(TaKaRa, China) according to the manufacturer’s instructions.
The specific primers for Spop, Cyclin D3, decidual/trophoblast
prolactin-related protein (Dtprp), and B-actin for gPCR were
designed and synthesized by Sangon Biotech Co. Ltd. (Shang-
hai, China). The sequences of the primers for gPCR are shown
in Table 1. The PCR reaction was performed on a Bio-Rad iQ 5
Real-Time PCR Detection System using SYBR Green Master-
mix (Takara, China). The experiments were performed in tri-
plicate for each sample, and the 2—AACt method was used to
calculate the relative expression of Spop, Cyclin D3, and Dtprp
in the endometrium on different pregnancy days with B-actin as
the internal control.

Western Blotting Analyses

Protein extracts from the endometrium of the mice from each
group were dissolved in RIPA lysis buffer (Beyotime Biotech-
nology, China), containing proteinase inhibitor. The protein
concentrations were determined using the bicinchoninic acid
method according to the manufacturer’s instructions (Beyotime
Biotechnology, China). The lysates were boiled in 5x sodium
dodecyl sulfate (SDS) sample loading buffer for 10 min. Equal
amounts of total protein (50 g) were separated using 10% SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto nitrocellulose membranes (Bio-Rad Laboratories).
The membranes were blocked in 5% skim milk for 1 hour at RT
followed by incubation with the appropriate primary antibodies
diluted in blocking buffer (4°C, overnight) as previously
described. Immunoblotting was performed using a rabbit

Table I. Primer Sequences for qPCR.

Gene sequence of primers 5 to 3’

Spop forward GTAAACCCGAAAGGGCTAGATG
Reverse CGAACTTCACTCTTTGGACAG

CyclinD3 forward CGAGCCTCCTACTTCCAGTG
Reverse GGACAGGTAGCGATCCAGGT

Dtprp forward AGCCAGAAATCACTGCCACT

Reverse TGATCCATGCACCCATAAAA

B-Actin forward TGGAATCCTGTGGCATCCATGAAAC
Reverse TAAAACGCAGCTCAGTAACAGTCCG

Abbreviations: gPCR, quantitative polymerase chain reaction.

polyclonal SPOP antibody at a 1:300 dilution (Abcam, United
Kingdom). A mouse monoclonal B-actin antibody at a 1:2000
dilution (Sigma) was used to ensure equal loading of the sam-
ples. After 3 washes with phosphate buffer saline tween-20
(PBST) (15 minutes each), the membranes were incubated with
a goat anti-rabbit IgG and a goat anti-mouse IgG secondary
antibody corresponding to the source of the primary antibodies
for 1 hour at RT. After 3 washes with PBST (15 minutes each),
the immunoreactive bands were visualized using ChemiDoc
XRS+ (Bio-Rad) and chemiluminescence reagents (Millipore,
WBKLS0500, Billerica, MA). The image collection and the
densitometry analysis were performed using Quantity One ver-
sion 4.6.2 analysis software (Bio-Rad Laboratories).

Statistical Analysis

All of the experiments were replicated at least 3 times. The data
were analyzed using the Statistical Package for the SPSS 13.0
(Chicago). The values are expressed as the mean + SD. A
Student’s ¢ test was used to analyze the relative expression of
messenger RNA (mRNA) and protein between the ISs and the
IISs. The relative expression of mRNA and protein during early
pregnancy and pseudopregnancy was determined using 1-way
analysis of variance (ANOVA). Shapiro-Wilk was used to con-
firm data were normally distributed. Least significant differ-
ence (LSD) was performed after ANOVA. The protein
expression of SPOP was determined using Kruskal-Wallis H
test. The differences were considered significant if P < .05.

Results

Expression of SPOP in Mouse Uteri During Early
Pregnancy

In this study, we tested the protein expression of Spop in mice
uteri during early pregnancy by RT-PCR, immunobloting, and
IHC analyses. We found the expression levels of Spop mRNA
were always lower from D1 to D3 than on other days, but its
mRNA levels were significantly increased from D4, and this
trend continued to D6 then it reduced on D7 (P < .05;
Figure 1A). Next, we examined the protein expression of
SPOP by WB, and the results were consistent with the mRNA
results (P <.05; Figure 1B). The SPOP protein levels at the IS
were significantly higher than at the IIS on D5 (P < .05;
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Figure 1. A, RT-PCR analysis of the Spop mRNA on d| to d7 during mice pregnancy (N = 56). B, Western blot analysis of the SPOP protein
(N = 56). C SPOP protein dynamic expression in d5 IS and d5 IIS. D and E, Statistical analysis of the Western blot results of the d5IS and d5IIS
(*P < .05). F, SPOP protein present in pregnant mice by IHC. Ge indicates glandular epithelium; Le, luminal epithelium; ESC, endometrium
stromal cell; DC, decidualization cell; EM: embryo; RT-PCR, real-time polymerase chain reaction; mRNA, messenger RNA; IS, implantation site;
IS, inter-IS; SPOP, speckle-type POZ protein.
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Figure 2. A, Expression of Spop mRNA in the endometrium of pseudopregnant mice was measured by RT-PCR (N = 56). B, Expression of
SPOP protein in the endometrium of pseudopregnant mice was measured by Western blot (N = 56). C, Optical density values of SPOP protein
was analyzed (*P <.05). D, SPOP protein present in pseudopregnant mice by IHC. Ge indicates glandular epithelium; Le, luminal epithelium; ESC,
endometrium stromal cell; IHC, immunohistochemistry; mRNA, messenger RNA; SPOP, speckle-type POZ protein.

Figure 1C). Figure 1D and E is the quantitative figure of
Figure 1B and 1C, respectively. The localization of SPOP
protein in the endometrium on days 1 and 4 to 7 of pregnancy
by IHC is shown in Figure 1F. As the results show, SPOP
expression was observed in the glandular and luminal epithe-
lium on D1 and D4 of pregnancy. With the onset of embryo
attachment, SPOP was extensively expressed in the primary
decidual and second decidual zone, surrounding the implant-
ing blastocyst on D5 and D6, respectively. Finally, SPOP
expression was significantly reduced on D7.

Expression of SPOP in the Mouse Uteri During Early
Pseudopregnancy

We examined the expression of Spop during early pseudopreg-
nancy using real-time RT-PCR, WB, and IHC analyses. The
levels of Spop mRNA were like waves from PD1 to PD7 (P <
.05; Figure 2A). The expression of Spop mRNA was at a low
level on PD1 to PD3, and it significantly increased on PD4,
which was sustained to PD6 and reduced on D7. Next, the
expression level of SPOP protein during early pseudopreg-
nancy was tested by WB (P < .05; Figure 2B). Figure 2C is
the quantitative figure of Figure 2B. The results show that the
protein expression levels were consistent with the results
obtained by RT-PCR. To investigate SPOP localization in the
endometrium during early pseudopregnancy, we used IHC to
detect SPOP (Figure 2D). The IHC results suggest that SPOP is
expressed in virtually all of the glandular and luminal epithe-
lium in the days of early pseudopregnancy. Specifically, the
SPOP expression was different compared with early pregnancy

on D5 and D6 (Figure 2D). In pseudopregnancy, the protein
expression of SPOP remained low in the endometrial stromal
cells on PD5 and PD6.

Expression of SPOP Is Regulated by E2 and P4 in Mouse
Uteri

It is well known that the principal hormones that directly influ-
ence uterine receptivity are ovarian E2 and P4. We already
confirmed that SPOP is involved in stromal cell decidualiza-
tion. To explore the influence of E2 and P4 on uterine SPOP
expression, we employed an ovariectomized mouse model
injected with E2, P4, or E2 plus P4 and the corresponding
inhibitors (ICI, RU486). Western blot analyses showed that the
expression of SPOP was significantly stronger after treatment
with hormones, and it was reduced when the hormones were in
the presence of the inhibitors (Figure 3A and B; P < .05). The
IHC analyses also revealed that SPOP protein levels were sig-
nificantly higher with the hormones compared to the control
groups (Figure 3C). However, after treatment with hormones
and inhibitors, the protein expression of SPOP disappeared.
Therefore, we conclude that E2 and P4 promote the expression
of SPOP in mice uteri.

Expression of SPOP in Artificially Induced Decidualization

First, we successfully established a model to artificially induce
decidualization and examined the mRNA levels of Diprp
(mouse decidualization markers) by RT-PCR (P < .05; Figure
4A). We found that the expression of SPOP in the artificially
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Figure 3. A, Expression of SPOP protein in different treatment groups. B, Optical density values of SPOP protein were analyzed (*P < .05,
compared with the hormone group; #P < .05, compared with the control group). C, Location of SPOP protein in the endometrium of mice
treated with E2 or/and P4 as detected by IHC. Con indicates blank contrast; oil, corn oil decidualization; P4, progesterone; E2, estrogen; E2P4,
estrogen combine progesterone; E2 + ICl, estrogen and antagonist fulvestrant; P4 - RU486, progesterone and antagonist mifepristone; E2 4 P4
+ RUA486 + ICI: estrogen and progesterone antagonize fulvestrant and mifepristone; SPOP, speckle-type POZ protein.
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Figure 4. A, Expression of Dtprp mRNA by RT-PCR (*P < .05). B, Location of SPOP protein in the endometrium of artificially decidualized mice
as detected by IHC. Non-Id indicates nondecidualized endometrium; ID, artificial decidualization endometrium; mRNA, messenger RNA;
RT-PCR, real-time polymerase chain reaction; SPOP, speckle-type POZ protein.
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Figure 5. A-C, Immunocytochemical analysis of vimentin protein in primary stromal cells (DAPI, 4',6-diamidino-2-phenylindole). D, RT-PCR to
detect SPOP mRNA. E, Western blot to measure SPOP protein expression after siRNA transfection (24, 48, and 72 hours). F, Dtprpo mRNA
expression after siRNA transfection. G, CyclinD3 mRNA expression after siRNA transfection (*P < .05). H, Western blot to measure phospho-
histone 3 (PH3) expression after siRNA transfection. I, Western blot to measure proliferating cell nuclear antigen (PNCA) expression after siRNA
transfection. mRNA indicates messenger RNA; RT-PCR, real-time polymerase chain reaction; SPOP, speckle-type POZ protein; siRNA, small

interference RNA.

induced decidualization model was higher than that in control
(Figure 4B). The SPOP localization in the control group was
mainly in the glandular and luminal epithelium. However, it
was widely expressed in decidualization cells in artificially
induced decidualization model. This finding indicated that
SPOP is involved in stromal cell decidualization.

Downregulation of SPOP Expression Affects Stromal Cell
Decidualization by Increasing Proliferation
We established a primary uterine stromal cell (mESC) culture

system and used vimentin immunofluorescence staining to
identify the purity of the isolated uterine stromal cells
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(Figure 5A-C). Next, we designed and selected a small inter-
ference RNA (siRNA) to knockdown Spop in the mESCs. As
shown in Figure 5D-E, siRNA significantly reduced Spop
expression at both the protein and mRNA levels in mESCs
(P < .05). Next, we employed mESCs in an in vitro decid-
ualization model to further investigate the function of Spop
during decidualization.

We used RT-PCR to examine the expression of decidualiza-
tion marker genes, including CyclinD3 and Dtprp, in mESCs that
were cotransfected with the specific siRNAs, E2 and P4 at 48 and
72 hours. At the same time, we transfected cells with a control
siRNA as a negative control experimental group. As shown in
Figure SF-G, the results demonstrate that at 48 hours and 72 hours
after treatment, the mRNA expression levels of CyclinD3 and
Diprp in the test group were significantly lower than in the control
group (P <.05). Next, we used WB to measure the expression of
proliferation marker genes (phospho-histone 3 [PH3], proliferat-
ing cell nuclear antigen [PNCA]) at 48 hours after treatment. As
shown in Figure SH-I, the results demonstrate the protein expres-
sion of PH3 and PNCA in the treatment group were significantly
higher than in the control group. Therefore, we determined that
Spop regulates decidualization in mice uterine stromal cells by
inhibiting the overproliferation.

Discussion

Our study confirmed that the expression of Spop in the endome-
trium of early pregnant mice appeared in a waveform with
dynamic change. Spop expression in D1 to D3 was lower than
on other days, but it was significantly increased at the key time
points (D4, D5, and D6), and it later declined at D7. At the same
time, the expression of Spop in pseudopregnancy resembles the
pregnancy results, but the expression sites were mainly limited to
the epithelial and luminal epithelium. The expression of SPOP is
not induced by a competent blastocyst. Because E2 and P4 are the
most important factors in embryo implantation and stromal cells
begin an extensive proliferation when rising P4 is superimposed
with preimplantation E2 after day 4,>* we surmised that E2 and P4
regulate the expression of SPOP. The IHC results of the SPOP
expression in the ovariectomized mouse model confirmed that
inhibiting E2 and P4 reduced the expression of SPOP.

Combined, many studies have demonstrated that E2 and P4
can regulate endometrial stromal cell decidualization. Decidua-
lization in mouse is a transient process that begins to develop at
the time of blastocyst attachment on day 4.5 of the pregnancy.>~>
Next, during the subsequent 3 days of pregnancy, the deciduali-
zation cells surrounding the site of embryo attachment proliferate
and differentiate extensively, eventually becoming larger.*®>®
Therefore, during pregnancy, D4 to D7 is a highly important time
period for stromal cells to become decidualization cells in order to
support the developing blastocyst. Thus, we questioned whether
SPOP affects stromal cell decidualization. Our study found that
SPOP expression significantly increased not only during D4 to D6
but also at the sites of expression from the epithelial/luminal
epithelium to the stromal cells, starting at D5. Therefore, SPOP
may play a role in stromal cell decidualization.

To confirm that SPOP is involved in stromal cell decidua-
lization, we established in vivo and in vitro artificially induced
decidualization mouse models. SPOP expression was highly
upregulated in the decidual tissue or the decidual cells. After
using siRNA to knockdown Spop in the in vitro experiments,
the markers of decidual cells were significantly reduced, and
cell proliferation rose. These results show that SPOP expres-
sion may influence decidualization by regulating stromal cell
proliferation. Many studies have confirmed the SPOP or a
complex of SPOP with a substrate inhibits cell proliferation
by ubiquitination.>****> We considered that SPOP-mediated
ubiquitination involved in degradation of the proliferation-
associated proteins to make stromal cells exit from the cell
cycle and enter a differentiation program that allows their tran-
sition to decidualization cells.*® SPOP plays a role in inhibiting
the overproliferation of endometrial stromal cells, and thus it
may promote normal pregnancy.

Many studies demonstrated that the stromal cell decidua-
lization is essential for embryo implantation and normal preg-
nancy in mice."***® Our study indicated E2 and P4 influence
stromal cell decidualization by regulating SPOP-mediated
ubiquitination in mice. So we speculated that it may partici-
pate in the process of embryo implantation. In order to further
prove its effect on embryo implantation, it is necessary to
employ SPOP knockout mouse model. Simultaneously, the
role of SPOP in human endometrium also needs to be con-
firmed. Considering that SPOP as an important ligase mediat-
ing ubiquitination and the importance of ubiquitination, we
consider that the further study will help to understand the role
of ubiquitin in embryo implantation.

E2/P4 — SPOP
Ubiquitination

Degradation of proliferation-associated protein

Stromal cell — Decidualization cell
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