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ABSTRACT
Endometrial receptivity enables the embryo to attach, invade and develop, forming a new individual and
species continuity. Small nucleolar RNAs (SnoRNAs) are a class of non-coding RNAs comprising two classes: C/D
box snoRNAs and H/ACA box snoRNAs. Aberrant expression of SNORNAs has been reported in tumorigenesis.
However, the role of SNORNAs in maintaining endometrial receptivity has not been reported. First, we
detected SNORNA expression in endometrial tissues during proliferative and secretory endometrial periods
using RNA sequencing. SNORA75 expression was higher in the secretory endometrium, and its overexpression
significantly promoted the proliferation, migration and invasion of endometrial cells. The results of analysis
with bioinformatics software and RNA pulldown experiments showed that miR-146a-3p interacted with
SNORA75. Western blotting showed that miR-146a-3p regulated the expression of ZNF23, whose
overexpression significantly promoted the proliferation, migration and invasion of endometrial cells. SNORA75
modulates endometrial receptivity through the miR-146a/ZNF23 signaling pathway.

INTRODUCTION
The ability to accept normal endometrial implantation
as the basis for normal pregnancy is called receptivity.
Endometrial receptivity is a complex process that
allows embryos to attach, invade and develop,
eventually forming a new individual and continuing the
species. Endometrial receptivity is a time limit for
endometrial epithelial cells (EEs) to acquire a functional
and transient ovarian hormone-dependent status, thus
allowing blastocyst adhesion. This period, known as the
"implantation window", opens 4-5 days after
progesterone production or administration and closes 910 days after progesterone production or administration.
A scientific understanding of the process of endometrial
receptivity is the basis for understanding human
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reproduction and infertility treatment. However, thus
far, none of the proposed biochemical indicators of
endometrial receptivity have been proven to be
clinically useful. The mechanism of regulating
endometrial receptivity has been extensively studied in
the past two decades. These studies are mainly
performed considering morphology and biochemistry;
recently, cellular and molecular biological analysis has
been applied [1–6]. Most of these studies focus on
specific molecules or some members of a specific
family, such as integrins, mucins, cytokines,
cytoskeleton-related proteins and other molecules [2, 4,
5, 7]. The most widely accepted biochemical marker is
the specific pattern of endometrial adhesion molecules,
namely, membrane glycoprotein integrin, which
mediates adhesion to the extracellular matrix [2, 4].
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Additionally, mucin MUC1 is considered a key
molecule with important functions during embryo
implantation [4]. Furthermore, paracrine and autocrine
cytokine systems and factors, such as the interleukin-1
system and leukemia inhibitory factor, control at least
part of the adhesion phase of implantation [8, 9]. To
date, the regulatory mechanism of endometrial
receptivity has not been elucidated, and the key
molecules regulating endometrial receptivity have not
been found. Therefore, it is necessary to further study
the new molecules regulating endometrial receptivity
and clarify their regulatory mechanisms.
Small nucleolar RNA (snoRNA) is an important
participant in the regulation of gene expression in
human cells. The standard functions of box C/D and
box H/ACA snoRNAs are posttranscriptional
modifications of ribosomal RNA (rRNA)—2-Omethylation and pseudouridine formation, respectively.
Defects in ribosome maturation and function can lead to
the destruction of life processes, transformation to
disease and transformation of normal cells into tumor
cells [10–12]. Changes in snoRNA expression may lead
to many diseases. The relationship between box C/D
RNA and development of neurodegenerative diseases
have also been described [13, 14]. Box C/D RNA
snord115 may affect the level of serotonin receptor
mRNA of 5-HT2CR in the brain [15, 16]. The loss of
snord116 snoRNA may contribute substantially to the
etiology of PWS [17–19]. The mutation and abnormal
expression of snoRNA can lead to various diseases.
However, the relationship between snoRNA and
endometrial receptivity has not been reported.
Additionally, the relationship between snoRNA and
endometrial receptivity requires further study, and its
role in maintaining endometrial receptivity must be
elaborated.
In this study, we used high-throughput sequencing to
analyze the expression changes of snoRNA in the
endometrium, study the relationship between snoRNA
and endometrial receptivity by regulating the expression
of snoRNA, and explore the mechanism of snoRNA
regulating endometrial receptivity.

RESULTS
SNORA75 is upregulated in the mid-secretive phase
endometrium
To identify snoRNAs associated with endometrial
receptivity, we collected the proliferative and secretory
endometrium and extracted total RNA for sequencing
analysis. Through bioinformatics analysis, based on the
criteria of a fold change greater than 2 and a P value
less than 0.05, 37 snoRNAs with differential expression
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were selected. Compared with the proliferation phase,
13 snoRNAs were significantly increased in the
secretory metaphase, and 24 were significantly
decreased in the secretory metaphase compared with the
proliferative phase (Figure 1A). To further verify the
sequencing results, we used real-time quantitative
fluorescence PCR to verify the sequencing results. The
results showed that compared with the proliferative
phase (PE) endometrium, the expression of snoRNA in
the mid secretory phase (MSE) endometrium was
significantly increased as follows: SNORA75,
SNORD65C, SNORD 65B, SNORD 113, SNORD 66,
SNORD 114, SNORD 112 and SNORD 89 (Figure 1B).
The real-time PCR results showed that, compared with
the proliferative phase (PE) endometrium, the
expression of snoRNA in the mid secretory phase
(MSE) endometrium was significantly decreased as
follows: SNORA 17B, SNORD 45A, SNORD 86,
SNORD 12B, SNORA 79, SNORA 46, SNORA 38,
SNORA 76 and SNORA 2B (Figure 1C). Furthermore,
we analyzed the expression of snoRNA in different
endometrium stages by real-time quantitative PCR.
First, we detected significantly increased expression of
snoRNA in the MSE group (P < 0.01). The expression
of SNORA75 initially increased in the ESE
endometrium, with the highest expression in the MSE
endometrium, and then decreased in the late stage of
endometrial secretion (Figure 1D). The expression of
SNORA17B, SNORA79 and SNORA38 initially
decreased in the ESE endometrium, with the lowest
expression in the MSE endometrium, and increased in
late endometrium secretion (Figure 1E). However, the
expression of SNORA46 initially decreased from the
beginning of the ESE endometrium to the late stage of
endometrial secretion (Figure 1E). To detect the
temporal expression of snoRNA in the placenta, we
collected decidual tissues from early pregnancy,
placental tissues from middle pregnancy, and full-term
placentas and villi from early pregnancy. The
expression of SNORA75 and SNORD66 was
significantly increased in the villi from early pregnancy
and full-term placenta (Figure 1F). To study the
mechanism by which SNORA75 regulates endometrial
receptivity, we first detected the effect of reproductive
hormones on SNORA75 expression in EEC, ESC,
Ishikawa and rl952 cells. EECS, ESC, Ishikawa and
RL952 cells were stimulated with estrogen (E2, 10-8
M/L), progesterone (P4, 10-7 M/L) and hCG (1000 u/L)
for 48 hours. E2, P4 and hCG effectively promoted
SNORA75 expression in EEC, ESC, Ishikawa and
RL952 cells. E2 and P4 showed no superposition effect
on SNORA75 expression in EEC and ESC cells, but E2
and P4 had a superposition effect in Ishikawa and
RL952 cells (Figure 1G). We detected SNORA75
expression in primary endometrial epithelial cells
(EECs), primary endometrial stromal cells (ESCs),
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Ishikawa cells and RL952 cells by real-time quantitative
fluorescence PCR and in situ hybridization. The content
of SNORA75 in the cytoplasm was significantly higher
than that in the nucleus (Figure 1H). In situ
hybridization was used to detect SNORA75 expression
in the nucleus and cytoplasm. SNORA75 was mainly
located in the cytoplasm, as its abundance in the nucleus
was lower (Figure 1I).
SNORA75 promotes the proliferation, migration and
invasion of endometrial epithelial cells
To study the effect of SNORA75 on endometrial
epithelial cells, we first constructed lentiviruses that
overexpressed or knocked down SNORA75 that were
transfected into EEC, Ishikawa and RL952 cells. First,

we transfected EEC, Ishikawa and RL952 cells with
SNORA75 overexpression lentivirus. After 48 hours of
transfection, SNORA75 expression in EEC cells was
detected by in situ hybridization. SNORA75
overexpression increased the content of SNORA75 in
the cytoplasm of EECs, while SNORA75 expression in
the nucleus was increased. However, the content of
SNORA75 in the cytoplasm was not inhibited (Figure
2A). CCK-8 was used to detect the effect of SNORA75
on the proliferation of EEC, Ishikawa and RL952 cells.
SNORA75 overexpression in EEC, Ishikawa and
RL952 cells effectively promoted the proliferation of
EEC, Ishikawa and RL952 cells. Compared with the
pLVX-vector group, the cell viability of the pLVXSNORA75 group was significantly increased at 72
hours and 96 hours, while the knockdown of SNORA75

Figure 1. SNORA75 is upregulated in the mid-secretive phase endometrium. (A) The expression of SNORNA in proliferative (PE) and
mid secretory (MSE) endometrium was analyzed by a heatmap. (B) The expression of SNORNA in the proliferative (PE) and mid secretory
(MSE) endometrium was detected by real-time quantitative fluorescence PCR. (C) The expression of SNORNA in proliferative (PE) and mid
secretory (MSE) endometrium was detected by real-time quantitative fluorescence PCR. (D) Real-time quantitative PCR was used to detect
SNORNA expression in different stages of the endometrium. PE: proliferative phase, ESE: early secretory phase, MSE: secretory phase, LSE:
late secretory phase. (E) Real-time quantitative fluorescence PCR was used to detect snoRNA expression in different stages of the
endometrium. (F) Real-time quantitative PCR was used to detect the temporal expression of SNORNA in the placenta. (G) The expression of
SNORA75 in EEC, ESC, Ishikawa and RL952 cells was detected by real-time quantitative fluorescence PCR. (H) The expression of SNORA75 in
the nucleus and cytoplasm was detected by real-time quantitative fluorescence PCR. (I) In situ hybridization was used to detect SNORA75
expression in endometrial cells. Blue represents the nucleus, and red represents SNORA75.
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effectively reduced the activity of EEC, Ishikawa and
RL952 cells significantly at 72 hours and 96 hours in
the pLKO.1-SNORA75 group compared with that in the
pLKO.1-vector group (Figure 2B). Furthermore, we
detected the effect of SNORA75 on the proliferation of

EEC, Ishikawa and RL952 cells by the clone formation
assay. SNORA75 overexpression in EEC, Ishikawa and
RL952 cells effectively promoted the proliferation of
these cells. Compared with the pLVX-vector group, the
number of clones in the pLVX-SNORA75 group was

Figure 2. SNORA75 promotes the proliferation, migration and invasion of endometrial epithelial cells. (A) The expression of
SNORA75 in EEC cells was detected by in situ hybridization. (B) CCK-8 was used to detect the effect of SNORA75 on the proliferation of EEC,
Ishikawa and RL952 cells. (C) The colony formation assay was used to detect the effect of SNORA75 on the proliferation of EEC, Ishikawa and
RL952 cells. (D) The apoptosis of EEC, Ishikawa and RL952 cells was detected by flow cytometry. (E) The effect of SNORA75 on the migration
of EEC, Ishikawa and RL952 cells was detected by the cell scratch assay. (F) Transwell assays were used to detect the invasion of EEC, Ishikawa
and rl952 cells. "##" indicates that, compared with the pLKO.1-vector group, P < 0.01. "**" indicates that, compared with the pLVX-vector
group, P < 0.01.
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significantly increased, and the knockdown of
SNORA75 effectively reduced the proliferation of EEC,
Ishikawa and rl952 cells. Compared with the pLKO.1vector group, the number of cell clones in the pLKO.1SNORA75 group was significantly reduced (Figure 2C
and Supplementary Figure 1A). The effect of
SNORA75 on the apoptosis of EEC, Ishikawa and
RL952 cells was detected by flow cytometry, revealing
that SNORA75 overexpression in EEC, Ishikawa and
RL952 cells did not affect the apoptosis of EEC,
Ishikawa and rl952 cells. Knockdown of SNORA75
increased the apoptosis rate of EEC, Ishikawa and rl952
cells. Compared with that in the pLKO.1-vector group,
the number of apoptotic cells in the pLKO.1-SNORA75
group was significantly increased (Figure 2D and
Supplementary Figure 1B). Cell scratch assays showed
that SNORA75 overexpression in EEC, Ishikawa and
RL952 cells effectively promoted the migration of EEC,
Ishikawa and RL952 cells, while the knockdown of
SNORA75 in EEC, Ishikawa and RL952 cells
effectively inhibited the migration of EEC, Ishikawa
and RL952 cells (Figure 2E and Supplementary Figure
1C). Transwell assays showed that compared with the
pLVX-vector group, the invasiveness of EEC, Ishikawa
and RL952 cells in the plVX-SNORA75 group was
significantly increased. Compared with the pLKO.1vector group, the invasion ability of EEC, Ishikawa and
RL952 cells in the pLKO.1-SNORA75 group was
significantly decreased (Figure 2F and Supplementary
Figure 1D).

with the E2 + P4 + pLKO.1-vector group, the
expression of LIF in the E2 + P4 + pLKO.1-SNORA75
group was significantly lower than that in the E2 + P4 +
pLKO.1-vector group (Figure 3E). Compared with that
in the E2 + P4 + pLVX-vector group, the expression of
LIF in the E2 + P4 + pLVX-SNORA75 group was
significantly higher than that in the E2 + P4 + pLVXvector group. ELISA showed that SNORA75
overexpression significantly promoted the secretion of
LIF in EEC cells (Figure 3F). To evaluate the effect of
SNORA75 on the adhesion rate of trophoblasts in vitro,
we constructed an in vitro adhesion model. Compared
with the pLKO.1-vector group, the adhesion rate of the
pLKO.1-SNORA75 group was significantly decreased.
After LIF treatment, the adhesion rate of the pLKO.1SNORA75 group was reduced (Figure 3G), and
SNORA75 overexpression significantly improved the
adhesion rate (Figure 3H). To further study the effect of
SNORA75 on embryo implantation, we used lentivirus
to regulate the expression of SNORA75 in animals,
injected lentivirus into the uterine cavity on the third
day of pregnancy in mice, and calculated the number of
embryos implanted in the uterus on the seventh day of
pregnancy. SNORA75 overexpression effectively
promoted embryo implantation, while the inhibition of
SNORA75 expression significantly inhibited embryo
implantation (Figure 3I).

SNORA75 promotes endometrial receptivity

Non-coding RNAs can regulate cell function in various
ways, and the ceRNA mechanism is a common
mechanism. First, we used bioinformatics software to
analyze the miRNAs that can bind to SNORA75. The
software predicted that human-derived SNORA75 could
bind to 18 miRNAs, while software predicted that
mouse-derived SNORA75 could bind to 13 miRNAs.
According to the prediction of the software, we used
MS2b RNA pulldown to verify the binding of
SNORA75 to miRNA. Using the MS2bs RNA
pulldown assay, we found that human SNORA75 bound
to hsa-miR-3670, hsa-miR-155-5p, hsa-miR-3144-3p,
hsa-miR-548av-3p, hsa-miR-708-5p, hsa-miR-3139,
hsa-miR-28-5p, hsa-miR-3146, hsa-miR-570-5p, and
hsa-miR-146a-3p; the binding amount of hsa-miR146a-3p was higher (Figure 4A). Additionally, we
analyzed the binding of mouse SNORA75 to miRNA.
Using MS2bs RNA pulldown detection, we found that
human SNORA75 bound to mmu-miR-342-3p, mmumiR-292a-3p, mmu-miR-544-3p, mmu-miR-467d-5p,
mmu-miR-146a-3p, and mmu-miR-7007-5p, among
which hsa-miR-146a-3p was more abundant (Figure
4B). To further verify the binding of SNORA75 and
miR-146a-3p, we constructed biotin-labeled miR-146a3p (biotin-miR-146a-3p). Using biotin-miR-146a-3p

To detect the effect of SNORA75 on the expression of
receptivity-related factors in EEC cells, we used
lentiviral overexpression of SNORA in EEC cells. Realtime quantitative PCR showed that, compared with the
control group, SNORA75 overexpression significantly
promoted the expression of LIF, integrin3, claudin4 and
DKK1 mRNA in EEC cells (Figure 3A). Western blot
analysis showed that SNORA75 overexpression
significantly promoted the protein expression of LIF,
integrin3, claudin4 and DKK1 in EEC cells compared
with that in the control group (Figure 3B). Real-time
quantitative PCR showed that, compared with the
control group, silencing SNORA75 significantly
inhibited the mRNA expression of LIF, integrin3,
claudin4 and DKK1 in EEC cells (Figure 3C). Western
blot analysis showed that, compared with the control
group, silencing SNORA75 significantly inhibited the
protein expression of LIF, integrin3, claudin4 and
DKK1 in EEC cells (Figure 3D). LIF is a secretory
protein; thus, we used ELISA to detect the effect of
snora75 on LIF expression. Compared with the control
group, the expression of LIF in the E2 + P4 + pLKO.1vector group was significantly increased; compared
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SNORA75 interacts with miR-146a-3p and regulated
the function of miR-146a-3p
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Figure 3. SNORA75 promotes endometrial receptivity. (A) The effect of SNORA75 overexpression on the expression of
receptivity-related factors in EEC cells was detected by real-time quantitative PCR. (B) Western blotting was used to detect the effect
of SNORA75 overexpression on the expression of receptivity-related factors in EEC cells. (C) Real-time quantitative fluorescence PCR
was used to detect the effect of SNORA75 knockdown on the expression of receptivity -related factors in EEC cells. (D) Western
blotting was used to detect the effect of SNORA75 knockdown on the expression of receptivity -related factors in EEC cells. (E) The
effect of SNORA75 knockdown on LIF expression in EEC cell culture medium was detected by ELISA. ( F) ELISA was used to detect the
effect of SNORA75 overexpression on LIF expression in the culture medium of EEC cells. ( G) Effect of SNORA75 silencing on the
trophoblast adhesion rate. (H) Effect of SNORA75 overexpression on the trophoblast adhesion rate. ( I) Effect of SNORA75 on embryo
implantation. "##" indicates that, compared with the pLKO.1-vector group, P < 0.01. " **" indicates that, compared with the pLVX-vector
group, P < 0.01.
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RNA pulldown, we detected the binding of miR-146a3p and SNORA75 in human and mouse EEC cells,
respectively, and human SNORA75 binding to hsamiR-146a-3p (Figure 4C). Similarly, mouse-derived
SNORA75 also bound to mmu-miR-146a-3p (Figure
4D). The wild-type and mutant sequences of miR146a-3p binding to SNORA75 were cloned into the
psicheck2 luciferase reporter gene vector. miR-146a3p effectively inhibited the luciferase reporter gene
activity of wild-type hsa-SNORA75-psicheck2 but did
not affect the activity of the mutant hsa-SNORA75psicheck2 luciferase reporter gene (Figure 4E).
Additionally, miR-146a-3p effectively inhibited the
luciferase reporter gene activity of wild-type hsaSNORA75-psicheck2 but did not affect the activity of
the mutant hsa-SNORA75-psicheck2 luciferase
reporter gene (Figure 4F).

MiR-146a-3p suppresses endometrial receptivity
CCK-8 detection results showed that miR-146a-3p
overexpression in EEC cells effectively inhibited the
proliferation of EECs, and inhibiting the function of
miR-146a-3p effectively improved the activity of EEC
cells (Figure 5A). The effect of miR-146a-3p on the
proliferation of EEC cells was detected by the clone
formation assay. miR-146a-3p overexpression in EEC
cells effectively inhibited the proliferation of EEC cells,
and the knockdown of miR-146a-3p effectively
promoted the proliferation of EEC cells (Figure 5B and
Supplementary Figure 2A). Flow cytometry showed
that miR-146a-3p overexpression in EEC cells
significantly promoted the apoptosis of EEC cells.
Compared with the number of apoptotic cells in the
miRNA mimic NC group, that in apoptotic cells in the

Figure 4. SNORA75 combined with miR-146a-3p. (A) MS2bs RNA pull-down was used to detect the binding of human SNORA75 and
miRNA. (B) MS2bs RNA pull-down was used to detect the binding of mouse SNORA75 and miRNA. (C) Biotin-mir-146a-3p RNA pull-down was
used to detect the binding of hsa-mir-146a-3p to SNORA75. (D) Biotin-miR-146a-3p RNA pull-down was used to detect the binding of mmumir-146a-3p to SNORA75. (E) A luciferase reporter gene was used to detect the binding of miR-146a-3p to hsa-SNORA75. (F) A luciferase
reporter gene was used to detect the binding of miR-146a-3p to hsa-SNORA75. "##" indicates that, compared with the pLKO.1-vector group,
P < 0.01. "**" indicates that, compared with the pLVX-vector group, P < 0.01.
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Figure 5. MiR-146a-3p suppresses endometrial receptivity. (A) CCK-8 was used to detect the effect of miR-146a-3p on the
proliferation of EEC cells. (B) The effect of miR-146a-3p on the proliferation of EEC cells was detected by the clone formation assay. (C) The
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effect of miR-146a-3p on the apoptosis of EEC cells was detected by flow cytometry. (D) The scratch assay was used to detect the effect of
miR-146a-3p on the invasion of EEC cells. (E) Transwell assays were used to detect the effect of miR-146a-3p on the invasion of EEC cells. (F)
The effect of miR-146a-3p overexpression on the expression of receptivity-related factors in EEC cells was detected by real-time quantitative
PCR. (G) Western blotting was used to detect the effect of miR-146a-3p on the expression of receptivity-related factors in EEC cells. (H) Realtime quantitative PCR was used to detect the effect of miR-146a-3p knockdown on the expression of receptivity-related factors in EEC cells.
(I) Western blotting was used to detect the effect of miR-146a-3p knockdown on the expression of receptivity-related factors in EEC cells. (J)
The effect of knockdown of miR-146a-3p on LIF expression in EEC cell culture medium was detected by ELISA. (K) Effect of miR-146a-3p
overexpression on the trophoblast adhesion rate. (L) Effect of miR-146a-3p inhibition on the trophoblast adhesion rate. (M) Effect of miR146a-3p on embryo implantation. "*" indicates P < 0.05, "**" indicates P < 0.01, and "***" indicates P < 0.001.

miR-146a-3p mimic group was significantly increased,
while the apoptosis rate of EEC cells was not affected by
miR-146a-3p knockdown (Figure 5C and Supplementary
Figure 2B). The cell scratch assay showed that miR-146a3p overexpression in EEC cells effectively inhibited the
migration of EEC cells, while the knockdown of miR146a-3p in EEC cells effectively promoted the migration
of EEC cells (Figure 5D and Supplementary Figure 2C).
Transwell assays showed that, in the miR-146a-3p mimic
group, the invasion ability of EEC cells was significantly
decreased and that of the miR-146a-3p inhibitor group
was significantly increased (Figure 5E and Supplementary
Figure 2D). MiR-146a-3p overexpression significantly
inhibited the mRNA expression of LIF, integrin3,
claudin4 and DKK1 in EEC cells (Figure 5F). Western
blot analysis showed that miR-146a-3p overexpression
significantly inhibited the expression of LIF, integrin3,
claudin4 and DKK1 in EEC cells (Figure 5G). Silencing
miR-146a-3p significantly promoted the expression of
LIF, integrin3, claudin4 and DKK1 mRNA in EEC cells
(Figure 5H). Western blot analysis showed that miR146a-3p silencing significantly promoted the protein
expression of LIF, integrin3, claudin4 and DKK1 in EEC
cells (Figure 5I). ELISA showed that knockdown of miR146a-3p significantly promoted the secretion of LIF in
EEC cells (Figure 5J), and snora75 overexpression
significantly promoted the secretion of LIF in EEC cells
(Figure 5K). To investigate the effect of miR-146a-3p on
the adhesion rate of trophoblasts in vitro, we constructed
an in vitro adhesion model. The adhesion rate of the miR146a-3p mimic group was significantly lower than that of
the miRNA mimic NC group (Figure 5L), and inhibition
of miR-146a-3p significantly improved the adhesion rate
(Figure 5K). To further study the effect of miR-146a-3p
on embryo implantation, we used miR-146a-3p miRNA
mimics and inhibitors to regulate the expression of miR146a-3p in animals. MiR-146a-3p overexpression
inhibited the implantation of embryos, and inhibition of
miR-146a-3p expression significantly promoted embryo
implantation (Figure 5M).

cells, and the results of real-time PCR showed that miR146a-3p overexpression and inhibition did not affect
ZNF23 mRNA expression in EEC cells (Figure 6A).
Western blot analysis showed that miR-146a-3p
overexpression significantly inhibited the expression of
ZNF23 protein, and miR-146a-3p inhibition
significantly promoted ZNF23 expression (Figure 6B).
To further verify the accuracy of the binding site, we
cloned the wild-type and mutant sequences of the
binding site of miR-146a-3p with ZNF23 into the
psicheck2 luciferase reporter gene vector. MiR-146a-3p
effectively inhibited the luciferase reporter gene activity
of wild-type hsa-ZNF23-psicheck2 in human EEC cells
but did not affect the activity of the mutant hsa-znf23psicheck2 luciferase reporter gene (Figure 6C). To
detect the effect of ZNF23 on the expression of
receptivity-related factors in EEC cells, a ZNF23
overexpression lentivirus was used to overexpress
ZNF23 in EEC cells. Real-time quantitative PCR
showed that ZNF23 overexpression significantly
promoted the mRNA expression of LIF, integrin3,
claudin4 and DKK1 in EEC cells (Figure 6D).
Compared with the control group, ZNF23
overexpression significantly promoted the expression of
LIF, integrin3, claudin4 and DKK1 in EEC cells, as
detected by Western blotting (Figure 6E). ZNF23 was
silenced in EEC cells by ZNF23 knockdown lentivirus.
Silencing ZNF23 significantly inhibited the mRNA
expression of LIF, integrin3, claudin4 and DKK1 in
EEC cells (Figure 6F). Western blot analysis showed
that ZNF23 silencing significantly inhibited the protein
expression of LIF, integrin3, claudin4 and DKK1 in
EEC cells (Figure 6G). Western blot analysis showed
that SNORA75 overexpression significantly promoted
ZNF23 expression, and SNORA75 inhibition
significantly inhibited ZNF23 expression (Figure 6H).
Western blot analysis showed that when the function of
miR-146a-3p was inhibited, the SNORA75-mediated
promotion of ZNF23 expression was lost, indicating
that this effect was miR-146a-3p dependent (Figure 6I).

SNORA75 promotes ZNF23 expression by modulating
miR-146a-3p

DISCUSSION

MiR-146a-3p mimics and inhibitors were used to
overexpress and inhibit miR-146a-3p expression in EEC
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Endometrial receptivity is a complex phenomenon that
plays an important role in infertility. Although embryo
quality can be evaluated for successful implantation,
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endometrial receptivity remains an unknown factor. With
the latest development of sequencing technology,
genomics, lipomics and proteomics analysis of the
endometrium may provide the "best" evaluation tools and
standards for evaluating receptivity in the near future.

Post-transcriptional modification of RNA and the
control of mRNA stability and translation are important
components of gene expression regulation in human
cells. Small nucleolar RNAs and their functional
fragments play important roles in these processes: they

Figure 6. SNORA75 promotes ZNF23 expression by modulating miR-146a-3p. (A) The effect of miR-146a-3p on ZNF23 mRNA
expression was detected by real-time quantitative fluorescence PCR. (B) The effect of miR-146a-3p on ZNF23 protein expression was
detected by Western blotting. (C) The binding of miR-146a-3p to hsa-ZNF23 was detected by the luciferase reporter assay. (D) The effect of
ZNF23 overexpression on the expression of receptivity-related factors in EEC cells was detected by real-time quantitative PCR. (E) Western
blotting was used to detect the effect of ZNF23 overexpression on the expression of receptivity-related factors in EEC cells. (F) The effect of
ZNF23 knockdown on the expression of receptivity-related factors in EEC cells was detected by real-time quantitative fluorescence PCR. (G)
Western blotting was used to detect the effect of ZNF23 knockdown on the expression of receptivity-related factors in EEC cells. (H) ZNF23
expression was detected by Western blotting. (I) ZNF23 expression was detected by Western blotting. "**" indicates P < 0.01.
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direct the nucleotide modification of rRNA and snRNA,
influence the alternative splicing of complementary pre
mRNA, and control the translation and stability of
mRNA through a RISC-dependent pathway. The
destruction of snoRNA expression may be caused by
external factors and intracellular signaling cascades,
leading to physiological changes at the cellular level,
organ dysfunction and various diseases. The structure,
expression pattern and intracellular localization of
snoRNAs have regulatory significance and are
considered diagnostic markers of pathology. Further
understanding of snoRNA expression and its functional
mechanism will provide new possibilities for
developing human disease diagnosis systems and new
treatment methods. We found that SNORA75 has a
strong correlation with endometrial receptivity and can
be used as an evaluation index of endometrial
receptivity.
MiRNAs are small non-encoding RNAs that play a role
in RNA silencing and post-transcriptional regulation of
gene expression. [20, 21]. Recent studies have shown
that miRNAs are expressed in plasma, serum and other
body fluids [22, 23]. Almost all types of cells can
secrete miRNA, and the concentration of extracellular
miRNA is related to the physiological and pathological
conditions of the human body [24]. Some extracellular
miRNAs may also be involved in intercellular
communication, and the implantation process involves
the coordination of complex regulatory systems
between the embryo and maternal uterus [25, 26].
Evidence from peri-implantation miRNA regulation of
embryonic development and uterine function suggests
that miRNA plays an important role in this process.
Additionally, the discovery of extracellular miRNAs in
the uterine cavity fluid (ULF) and embryo culture
medium suggests the need to explore new potential
miRNAs, particularly in assisted reproduction. Based on
their conservation, stability, sensitivity and accessibility,
extracellular miRNAs are considered valuable noninvasive biomarkers for evaluating embryo viability and
endometrial receptivity. Implantation is a complex
process that requires the simultaneous development of a
viable embryo and a pregnant endometrium. MiRNAs
act as regulators of gene expression and are actively
involved in regulating embryonic development,
endometrial
function
and
embryo
mother
communication. We found that miR-146a-5p strongly
correlates with endometrial receptivity, which can be
used as an evaluation index of endometrial receptivity.

middle secretory phase of the endometrium. E2, P4 and
hCG can induce SNORA75 expression in endometrial
cells. SNORA75 promotes the proliferation, migration
and invasion of endometrial cells. SNORA75 was
targeted to regulate the function of miR-146a-3p, and
miR-146a-3p regulated the function of endometrial cells
by regulating ZNF23 expression. LIF stimulates the
endometrium to release exosomes rich in SNORA75.
Through the SNORA75/miR-146a-3p/ZNF23/LIF
signaling pathway, SNORA75 regulates the function of
endometrial cells and promotes endometrial receptivity.

MATERIALS AND METHODS
Collection of endometrial epithelial tissue specimens
The specimens were collected from the First Affiliated
Hospital of Zhengzhou University, with approval from
the hospital’s ethics committee, and signed informed
consent was obtained. The sample collection criteria
were as follows: 1) an age range of 25-35 years a
menstrual cycle of 25-35 days; 2) reproductive system
diseases such as ovarian cysts, uterine fibroids,
infertility due to fallopian tube factors, and benign
cervical intraepithelial lesions; 3) no laparotomy,
hysteroscopy or colposcopy surgery; 4) no acute and
chronic inflammation of the reproductive system; 5) no
reproductive system tumors; 6) no chronic diseases such
as diabetes, hepatitis and thyroid diseases; and 7) no
hormone drugs taken 3 months before sampling. The
endometrium was aspirated using an endometrial straw.
Isolation and culture of endometrial epithelial cells
Fresh endometrial tissues were collected and washed
with PBS containing antibiotics to remove blood stains
and residual tissues. Fresh endometrial tissue was
transferred into DMEM containing antibiotics and no
serum, and the tissue was cut into 1-mm3 tissue blocks.
The final concentration of collagenase type II was 0.2%
(w/V), and the contents were mixed well, placed in a
37 ° C incubator, shaken at 250 rpm for 1 hour, and then
removed. The digestive juice was filtered through a
100-mesh screen and then filtered with a 400-mesh
screen. Cells that did not pass the 400-mesh screen were
cultured in DMEM containing 10% fetal bovine serum.
The cells were inoculated in a 10-cm culture dish,
which was incubated overnight at 37° C in 5% CO2 and
saturated humidity. When the cells reached 70%
healing, they were subcultured.

CONCLUSIONS

Real-time quantitative fluorescence PCR detection

Compared with snoRNA expression in the proliferative
phase, that in the secretory phase changed significantly.
The highest SNORA75 expression was found in the

Two hundred milligrams of fresh endometrial tissue
was weighed. Next, 1 ml of TRIzol solution was
added, followed by homogenization of the tissue with
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a homogenizer, the addition of 200 μl of chloroform,
and rigorous shaking for 30 seconds. The samples
were allowed to stand at room temperature for 15
minutes and then were subjected to centrifugation at
12000 rpm for 15 minutes at 4° C. The supernatants
were collected, and then an equal volume of cold
isopropyl alcohol solution was added. The samples
were allowed to stand for 15 minutes at 4° C and then
were subjected to centrifugation at 12000 rpm for 10
minutes. The supernatants were discarded, and 1 ml of
cold 75% ethanol solution was added to the
precipitates. The mixture was then centrifuged at
12000 rpm for 10 minutes at 4° C. The supernatants
were discarded, and then 1 ml of cold 75% ethanol
solution was added to the precipitates, followed by
centrifugation at 12000 rpm at 4° C for 10 minutes, air
drying in a ventilated place, and the addition of 20 μl
of DEPC-treated water. According to the instructions
of the RT kit, RNA was reverse transcribed into
cDNA. Quantitative PCR was performed according to
the instructions of the real-time quantitative
fluorescence PCR kit. The relative expression value
was calculated using the 2 -ΔΔ CT value.

supernatants were discarded and then were incubated
with cell cycle staining buffer for 15 minutes. Flow
cytometry was used to detect apoptosis.
Clone formation detection
The cells were seeded into a 6-well plate at a density of
250 cells per well, and the medium was changed every
3 days. After two weeks of culture, 4% PFA was used
for fixation for 15 minutes and then the cells were
stained with crystal violet for 30 minutes. The samples
were then washed twice with PBS and photographed,
and the number of clones was recorded.
Western blot analysis

Cells were seeded into each well of a 96-well plate at a
density of 1000 cells per well. After cell inoculation, 10
μl of the CCK-8 reagent was added at different time
points. The cells were incubated at 37° C for 2 hours.
The absorbances at 450 nm and 650 nm were detected.

Two volumes of autoclaved water and 1 mm PMSF
were added to each volume of cell precipitation. Next,
ultrasonic treatment was performed on ice, waiting 30
seconds between each ultrasound. The samples were
then centrifuged in a microcentrifuge at 13000 rpm for
5 minutes and subjected to 10% SDS gel electrophoresis
for protein separation, nitrocellulose membrane
immersed in wet printing transfer buffer for at least 15
minutes, to remove electrophoretic salts and detergent.
The film was transferred at 100 V for 1 hour. The
membrane was sealed in 5% skim milk TBST solution
for at least 30 minutes. The first antibody was incubated
at 4° C overnight, the second antibody was incubated at
room temperature for 1 hour, washed with TBST at
room temperature 3 times, and then exposed.

Detection of apoptosis by flow cytometry

Statistical analysis

The cells were digested with trypsin and centrifuged at
1000 rpm and 4° C for 5 minutes. The supernatant was
discarded, and then the cells were resuspended in 100 μl
of binding buffer. Next, 5 μl of FITC-annexin V
solution was added, and then the contents were
thoroughly mixed and incubated at 4° C for 15 minutes.
One microliter of PI was added, and then the contents
were mixed well and incubated at 4° C for 5 minutes.
Next, 400 μl of binding buffer was added, and the
contents were mixed well. Flow cytometry was used to
detect apoptosis.

Each experiment was verified three times, and all the
data were expressed as means ± standard deviation. The
difference between the two groups was analyzed by
two-tailed Student's t-test. One-way ANOVA was used
for statistical analysis of multiple groups of data. A p
value < 0.05 indicated a significant difference. “ *”
indicates P < 0.05, “* *” indicates P < 0.01, and “***”
indicates P < 0.001.

Cell viability detection

Cell cycle detection
The cells were digested with trypsin and centrifuged at
1000 rpm and 4° C for 5 minutes. The supernatant was
discarded, 70% ethanol was added to the suspension,
and the contents were fixed at 4° C overnight. The
samples were then centrifuged at 1000 rpm at 4° C for 5
minutes. The supernatant was discarded, and then the
pellet was resuspended in PBS ethanol, followed by
centrifugation at 1000 rpm at 4° C for 5 minutes. The

www.aging-us.com

14935

AUTHOR CONTRIBUTIONS
Peng Wei and Haitao Wang designed and conducted the
cell and animal experiments; Yuebai Li carried out
plasmid constructs and molecular experiments; Ruixia
Guo participated in the data analysis, performed the
statistical analysis, and drafted the manuscript. All
authors read and approved the final manuscript.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of
interest.

AGING

FUNDING

https://doi.org/10.1210/endo.134.2.8299552
PMID:8299552

This work was supported by the National Natural Science
Foundation of China (No. 31670844) and the ZhongYuan
Thousand Talents Program, the Zhongyuan Eminent
Doctor in Henan Province (No. ZYQR201810107).

REFERENCES
1.

Murphy CR. The cytoskeleton of uterine epithelial cells:
a new player in uterine receptivity and the plasma
membrane transformation. Hum Reprod Update.
1995; 1:567–80.
https://doi.org/10.1093/humupd/1.6.567
PMID:9079397

9.

Stewart CL, Kaspar P, Brunet LJ, Bhatt H, Gadi I,
Köntgen F, Abbondanzo SJ. Blastocyst implantation
depends on maternal expression of leukaemia
inhibitory factor. Nature. 1992; 359:76–79.
https://doi.org/10.1038/359076a0 PMID:1522892

10. Badhai J, Fröjmark AS, Davey EJ, Schuster J, Dahl N.
Ribosomal protein S19 and S24 insufficiency cause
distinct cell cycle defects in Diamond-Blackfan anemia.
Biochim Biophys Acta. 2009; 1792:1036–42.
https://doi.org/10.1016/j.bbadis.2009.08.002
PMID:19689926

2.

Hynes RO. Integrins: versatility, modulation, and
signaling in cell adhesion. Cell. 1992; 69:11–25.
https://doi.org/10.1016/0092-8674(92)90115-s
PMID:1555235

11. Hariharan N, Sussman MA. Stressing on the nucleolus
in cardiovascular disease. Biochim Biophys Acta. 2014;
1842:798–801.
https://doi.org/10.1016/j.bbadis.2013.09.016
PMID:24514103

3.

Tabibzadeh S, Sun XZ. Cytokine expression in human
endometrium throughout the menstrual cycle. Hum
Reprod. 1992; 7:1214–21.
https://doi.org/10.1093/oxfordjournals.humrep.a1378
29 PMID:1479000

12. Trainor PA, Merrill AE. Ribosome biogenesis in skeletal
development and the pathogenesis of skeletal
disorders. Biochim Biophys Acta. 2014; 1842:769–78.
https://doi.org/10.1016/j.bbadis.2013.11.010
PMID:24252615

4.

Lessey BA, Damjanovich L, Coutifaris C, Castelbaum A,
Albelda SM, Buck CA. Integrin adhesion molecules in
the human endometrium. Correlation with the normal
and abnormal menstrual cycle. J Clin Invest. 1992;
90:188–95.
https://doi.org/10.1172/JCI115835
PMID:1378853

13. Doe CM, Relkovic D, Garfield AS, Dalley JW, Theobald
DE, Humby T, Wilkinson LS, Isles AR. Loss of the
imprinted snoRNA mbii-52 leads to increased 5htr2c
pre-RNA editing and altered 5HT2CR-mediated
behaviour. Hum Mol Genet. 2009; 18:2140–48.
https://doi.org/10.1093/hmg/ddp137 PMID:19304781

5.

Meseguer M, Aplin JD, Caballero-Campo P, O’Connor
JE, Martín JC, Remohí J, Pellicer A, Simón C. Human
endometrial mucin MUC1 is up-regulated by
progesterone and down-regulated in vitro by the
human blastocyst. Biol Reprod. 2001; 64:590–601.
https://doi.org/10.1095/biolreprod64.2.590
PMID:11159362

6.

7.

8.

Paria BC, Ma W, Tan J, Raja S, Das SK, Dey SK, Hogan
BL. Cellular and molecular responses of the uterus
to embryo implantation can be elicited by locally
applied growth factors. Proc Natl Acad Sci USA.
2001; 98:1047–52.
https://doi.org/10.1073/pnas.98.3.1047
PMID:11158592
Brüner M. [A review of spontaneous cerebrospinal
fluid rhinorrhoea (author’s transl)]. HNO. 1979;
27:232–36.
PMID:479000
Simón C, Frances A, Piquette GN, el Danasouri I,
Zurawski G, Dang W, Polan ML. Embryonic
implantation in mice is blocked by interleukin-1
receptor antagonist. Endocrinology. 1994; 134:521–28.

www.aging-us.com

14936

14. Sridhar P, Gan HH, Schlick T. A computational screen
for C/D box snoRNAs in the human genomic region
associated with Prader-Willi and Angelman syndromes.
J Biomed Sci. 2008; 15:697–705.
https://doi.org/10.1007/s11373-008-9271-x
PMID:18661287
15. Kishore S, Stamm S. The snoRNA HBII-52 regulates
alternative splicing of the serotonin receptor 2C.
Science. 2006; 311:230–32.
https://doi.org/10.1126/science.1118265
PMID:16357227
16. Vitali P, Basyuk E, Le Meur E, Bertrand E, Muscatelli F,
Cavaillé J, Huttenhofer A. ADAR2-mediated editing of
RNA substrates in the nucleolus is inhibited by C/D
small nucleolar RNAs. J Cell Biol. 2005; 169:745–53.
https://doi.org/10.1083/jcb.200411129
PMID:15939761
17. Cavaillé J, Buiting K, Kiefmann M, Lalande M, Brannan
CI, Horsthemke B, Bachellerie JP, Brosius J,
Hüttenhofer A. Identification of brain-specific and
imprinted small nucleolar RNA genes exhibiting an
unusual genomic organization. Proc Natl Acad Sci USA.
2000; 97:14311–16.

AGING

https://doi.org/10.1073/pnas.250426397
PMID:11106375

O’Briant KC, Allen A, Lin DW, Urban N, Drescher CW, et
al. Circulating microRNAs as stable blood-based
markers for cancer detection. Proc Natl Acad Sci USA.
2008; 105:10513–18.
https://doi.org/10.1073/pnas.0804549105
PMID:18663219

18. Duker AL, Ballif BC, Bawle EV, Person RE, Mahadevan S,
Alliman S, Thompson R, Traylor R, Bejjani BA, Shaffer
LG, Rosenfeld JA, Lamb AN, Sahoo T. Paternally
inherited microdeletion at 15q11.2 confirms a
significant role for the SNORD116 C/D box snoRNA
cluster in Prader-Willi syndrome. Eur J Hum Genet.
2010; 18:1196–201.
https://doi.org/10.1038/ejhg.2010.102
PMID:20588305

23. Weber JA, Baxter DH, Zhang S, Huang DY, Huang KH,
Lee MJ, Galas DJ, Wang K. The microRNA spectrum in
12 body fluids. Clin Chem. 2010; 56:1733–41.
https://doi.org/10.1373/clinchem.2010.147405
PMID:20847327

19. Sahoo T, del Gaudio D, German JR, Shinawi M, Peters
SU, Person RE, Garnica A, Cheung SW, Beaudet AL.
Prader-Willi phenotype caused by paternal deficiency
for the HBII-85 C/D box small nucleolar RNA cluster.
Nat Genet. 2008; 40:719–21.
https://doi.org/10.1038/ng.158 PMID:18500341

24. Kosaka N, Iguchi H, Ochiya T. Circulating microRNA
in body fluid: a new potential biomarker for cancer
diagnosis and prognosis. Cancer Sci. 2010;
101:2087–92.
https://doi.org/10.1111/j.1349-7006.2010.01650.x
PMID:20624164

20. Bartel DP. MicroRNAs: genomics, biogenesis,
mechanism, and function. Cell. 2004; 116:281–97.
https://doi.org/10.1016/s0092-8674(04)00045-5
PMID:14744438

25. Xu L, Yang BF, Ai J. MicroRNA transport: a new way in
cell communication. J Cell Physiol. 2013; 228:1713–19.
https://doi.org/10.1002/jcp.24344
PMID:23460497

21. Ha M, Kim VN. Regulation of microRNA biogenesis. Nat
Rev Mol Cell Biol. 2014; 15:509–24.
https://doi.org/10.1038/nrm3838 PMID:25027649

26. Rayner KJ, Hennessy EJ. Extracellular communication
via microRNA: lipid particles have a new message. J
Lipid Res. 2013; 54:1174–81.
https://doi.org/10.1194/jlr.R034991
PMID:23505318

22. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK,
Pogosova-Agadjanyan EL, Peterson A, Noteboom J,

www.aging-us.com

14937

AGING

SUPPLEMENTARY MATERIALS
Supplementary Figures

Supplementary Figure 1. Statistical analyses the effect of SNORA75 on the proliferation, migration and invasion of
endometrial epithelial cells. (A) Statistical analyses the colony formation of EEC, Ishikawa and RL952 cells. (B) Statistical analyses the
apoptosis of EEC, Ishikawa and RL952 cells. (C) Statistical analyses the migration of EEC, Ishikawa and RL952 cells. (D) Statistical analyses the
invasion of EEC, Ishikawa and RL952 cells. "##" indicates that, compared with the pLKO.1-vector group, P < 0.01. "**" indicates that, compared
with the pLVX-vector group, P < 0.01.
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Supplementary Figure 2. Statistical analyses the effect of miR-146a-3p on the proliferation, migration and invasion of
endometrial epithelial cells. (A) Statistical analyses the colony formation of EEC cells. (B) Statistical analyses the apoptosis of EEC cells. (C)
Statistical analyses the migration of EEC cells. (D) Statistical analyses the invasion of EEC cells. "##" indicates that, compared with the pLKO.1vector group, P < 0.01. "**" indicates that, compared with the pLVX-vector group, P < 0.01.
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