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Abstract

Background
To determine the small nucleolar RNA (snoRNA) expression pro�les in the endometrium during the
implantation phase and identify their potential biological functions.

Methods
We used RNA sequencing to analyze the expression changes of snoRNAs in the endometrium of women
during the implantation phase of the natural cycle and in the GnRH antagonist stimulation protocol. The
expression of snoRNA ENST00000391318 was manipulated in endometrial cells by lentivirus. CCK-8,
clone formation, �ow cytometry, scratch and Transwell assays were used to detect the effects of
ENST00000391318 on the proliferation, apoptosis, migration and invasion of endometrial cells. RNA
pulldown and luciferase reporter gene experiments were used to detect the binding of ENST00000391318
to miRNA.

Results
Endometrial SNORNA ENST00000391318 was upregulated in the GnRH antagonist stimulation protocol.
SNORNA ENST00000391318 overexpression inhibited cell proliferation and the cell cycle in Ishikawa
cells, and SNORNA ENST00000391318 knockdown promoted cell proliferation and the cell cycle in
Ishikawa cells. SNORNA ENST00000391318 overexpression inhibited cell migration and invasion in
Ishikawa cells. SNORNA ENST00000391318 inhibited the expression of endometrium receptivity factor.
miRNA-3928-5p is a target of SNORNA ENST00000391318 in Ishikawa cells. SNORNA
ENST00000391318 regulates the expression of CDH11 through interaction with miRNA-3928-5p in
Ishikawa cells.

Conclusions
The ENST00000391318/miR-3928-5p/CDH11 signaling pathway can regulate the receptivity of the
endometrium for patients in the GnRH antagonist stimulation protocol. SNORNA ENST00000391318
downregulates the function of miR-3928-5p through a ceRNA mechanism to upregulate the expression of
CDH11. SNORNA ENST00000391318 downregulates the receptivity of the endometrium by upregulating
the expression of CDH11.

Introduction
Endometrial receptivity is a complex process that provides an opportunity for embryos to attach, invade
and develop, eventually forming a new individual [1; 2]. In most normal women, the implantation time in



Page 3/17

the secretory phase was prolonged by 3–6 days. In some in�ammatory or anatomical conditions, this
window is narrowed or moved to prevent normal implantation, leading to infertility or abortion [3]. The
quality of the embryo and endometrium are among the factors that commonly affect normal
implantation and pregnancy [3; 4].

Endometrial receptivity (ER) is a time limit for endometrial epithelial cells (EEs) to acquire functional and
transient ovarian hormone-dependent status, thus allowing blastocyst adhesion [5]. This period, known
as the "implantation window," opens 4–5 days after progesterone production or administration and
closes after 9–10 days [6]. Implantation failure is now recognized as an important component of failed
assisted reproduction treatment (ART). How to accurately assess ER to better improve ER and increase
the pregnancy rate of IVF is a challenge. In addition, how to combine various evaluation indicators to
judge ER to accurately predict the implantation window, reasonably select the best time for embryo
transfer, and improve the pregnancy outcome of ART is still a clinical problem that needs to be solved
urgently. A scienti�c understanding of the process of endometrial receptivity is the basis for
understanding human reproduction, but thus far, none of the proposed biochemical indicators of
endometrial receptivity have been proven to be clinically useful. Uterine function, especially the
mechanism of regulating endometrial receptivity, has been extensively studied in the past two decades.
These studies are mainly carried out from the perspective of morphology and biochemistry and, recently,
cellular and molecular biological analysis. Most of these studies focus on speci�c molecules or some
members of speci�c families, such as integrins, mucins, cytokine cytoskeleton-related proteins and
others. The most widely accepted biochemical marker is a speci�c pattern of endometrial adhesion
molecules, namely, membrane glycoprotein integrin, which mediates adhesion to the extracellular matrix.
In addition, mucin MUC1 is considered to be a key molecule with important functions during embryo
implantation [7; 8]. Paracrine autocrine cytokine systems, such as the interleukin-1 system and leukemia
inhibitory factor, also seem to control at least part of the adhesion phase of implantation.

Small nucleolar RNA (snoRNA) is an important participant in the regulation of gene expression in human
cells [9]. The standard functions of box C/D and box H/ACA snoRNAs are posttranscriptional
modi�cations of ribosomal RNA (rRNA), which are 2-O-methylation and pseudouridine, respectively [10]. A
series of independent studies have shown that snoRNA and other noncoding RNAs can be used as
sources of various short regulated RNAs [11]. Some snoRNAs and their fragments can also participate in
the regulation of mRNA selective splicing and posttranscriptional modi�cation [12]. Changes in the
expression of snoRNA in human cells affect many important cellular processes. The levels of snoRNA in
human cells, serum and plasma mean that they are promising targets for the diagnosis and treatment of
human pathology [13]. SnoRNAs represent a class of regulatory RNAs responsible for the
posttranscriptional maturation of ribosomal RNAs (rRNAs). According to their structure and main
function, small nucleolar RNAs can be divided into two families: box C/D snoRNAs and box H/ACA
snoRNAs. Box C/D snoRNAs are responsible for 2'-O-methylation, and the latter family guides the
pseudouridine acidi�cation of nucleotides.
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At present, there are no reports on the relationship between snoRNA and endometrial receptivity. In this
study, we will use high-throughput sequencing to analyze the regulatory role of snoRNA in endometrial
receptivity from women in the GnRH antagonist stimulation protocol.

Materials And Methods
Participants and Samples

Samples were collected after patients gave written informed consent. The study was approved by the
ethics committee of Zhongshan Hospital, Fudan University (Shanghai, People's Republic of China) and
was performed in compliance with the Population and Family Planning Law of the People's Republic of
China.

The endometrium for this study was collected from 3 participants who underwent in vitro fertilization
(IVF) for an indication of tubal factor infertility at the Reproductive Center, Zhongshan Hospital, Fudan
University.

Treatment Protocol

Endometrial specimens were obtained from pipe suction curettage on day LH + 7 in a natural cycle. The
next cycle included three patients who received the antagonist stimulation protocol. Brie�y, on cycle day
3, ovarian stimulation was started by the daily injection of recombinant FSH (r-FSH) (Gonal-F; Merck
Serono). Gonadotropin-releasing hormone (GnRH) antagonist (Ganirelix, 0.25 mg; MSD) injection was
started on day 5 or 6 of stimulation. When at least three follicles had reached 17 mm or two follicles had
reached 18 mm in diameter, an intramuscular injection of 5,000 IU of human chorionic gonadotropin
(hCG) was used to trigger �nal oocyte maturation. Vaginal utrogestan (Capsugel) at 600 mg/d and oral
dydrogesterone (Abbott) at 20 mg/d were given for luteal support beginning on the day of oocyte
retrieval. The endometrium was collected on the 5th day after oocyte retrieval from patients. All
specimens were frozen at –80°C until subsequent analysis.

Small RNA sequencing analysis

The quality of the original sequencing data was assessed by FastQC, cutadapt was used to remove the
adaptor, trimmomatic was used to remove the low-quality bases at both ends, and reads were �ltered.
Then, blastn was used to compare reads with sRNA, tRNA, snRNA, and snoRNA sequences in the Rfam
database, count the number and percentage of reads on the alignment, and �lter out the reads on the
alignment. The bowtie program was used to compare the reads with the exon and intron sequences of
the species as well as compare the number and percentage of reads on the comparison and �lter out the
reads on the exon of the comparison that cannot be compared with the intron. Again, bowtie was used to
align the reads with the species reference genome sequence, count the number and percentage of reads
on the comparison, and �lter out the reads that cannot be compared. Sequencing was performed by the
Sangon Biotech (Shanghai) Co., Ltd.



Page 5/17

Cell culture

Ishikawa cells were purchased from the Cell Bank of the Chinese Academy Sciences (Shanghai, China).
The cells were cultured with DMEM high glucose medium containing 10% FBS and 1% antibiotics (100
U/ml penicillin and 100 μg/ml streptomycin) at 37°C in a humidi�ed atmosphere containing 5% CO2.
When the fusion degree reached 90%, the cells were subcultured.

Quantitative real-time polymerase chain reaction (qRT-PCR)

The total RNA were isolated from Ishikawa cells according to the manufacturer’s instruction of TRIzol®
Reagent (Invitrogen, Carlsbad, CA, USA). According to the manufacturer's instructions, 1 μ g of total RNA
was reverse transcribed into cDNA using primescript RT Master Mix kit (RR036A, Takara, Dalian,
China). To quantitate ENST00000391318 and CDH11 expression, qPCR was carried out with a SYBR®
Premix Ex Taq II Kit (RR420A, Takara, Dalian, China). The expression levels of ENST00000391318 and
CDH11 were normalized to GAPDH expression. QPCR was performed using the miScript SYBR Green PCR
Kit (Qiagen, Hilden, Germany) to determine miR-3928-5p expression. The expression level of miR-3928-5p
was normalized to U6 expression. All of the data were analyzed by the 2−ΔΔCt method.

Cell proliferation assay

Ishikawa cells were seeded into 96 well culture plate according to the density of 4000 cells/ well.
Ishikawa cells were divided into four groups: pLVX-vector group, pLVX- ENST00000391318, pLKO.1-vector
group and pLKO.1- ENST00000391318, the activity of Ishikawa cells was detected by CCK-8 at 12h, 24h,
36h and 48h after inoculation, and 10 μl CCK-8 solution was added to each well. After incubation in 37 ℃
incubator for 2h, the absorbance at 450nm was detected by microplate reader.

Wound healing assay

The Ishikawa cells were seeded into 6-well culture plate according to 50000 cells/well. When the cells
grew to 100% healing degree, they were scratched with 1 ml blue tips. After the scratch, the medium and
suspension cells were sucked off, and then the serum-free medium was replaced and take photos at 0 h.
Then the cells were cultured for 24 h to take photos. The cell mobility was calculated by comparing the
healing degrees of 0 h and 24 h.

Cell invasion assay

After mixing DMEM medium and Matrigel 1:1, 50 μ l was evenly spread in Transwell chamber and placed
in 37 ℃ incubator for 45 min. The cells were divided into four groups: pLVX-vector group, pLVX-
ENST00000391318, pLKO.1-vector group and pLKO.1- ENST00000391318. Cells were inoculated into
Transwell upper chamber according to the density of 20000 cells/well. The upper chamber of Transwell
was serum-free medium, and 700 μ l medium containing 5% serum was added into the lower chamber.
The cells in the upper chamber were removed after 12 h in the incubator. The cells at the bottom of
Transwell were stained with crystal violet and counted after taking pictures.
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Cell cycle analysis

The cell cycle distribution was determined by using the Cell Cycle Analysis Kit (Beyotime, China)
according to the instructions. Cells were seeded onto 6-well plates and transfected with NC shRNA or
ENST00000391318 shRNA. After 48 h, the cells were harvested and �xed with precooled 70% ethanol at 4
°C for 12 h. The �xed cells were suspended in staining buffer, mixed with 25 μL of propidium iodide
staining solution and 10 μL of RNase A and incubated in the dark for 30 min. Flow cytometry detection
was immediately performed.

Western blot

The cell protein was extracted from RIPA protein lysate and lysed on 30min, then centrifuged at
1000r/min, and the supernatant was extracted. The protein concentration was detected by BCA solution
and 10% SDS-PAGE gel was distributed. The protein was transferred to PVDF membrane and sealed with
5% BSA for 1 h. then the antibody was incubated at 4 ℃ overnight. After tbst cleaning, HRP labeled
antibody was incubated for 1 h. tbst was washed and then developed. Finally, the protein bands were
visualized using an ECL Kit (Solarbio, China). GAPDH served as an internal control. LIF antibody
(#ab113262, Abcam, 1:1000), an ITGB3 antibody (#ab119992, Abcam, 1:1000), a DKK1 antibody
(#ab109416, Abcam, 1:1000), and a claudin-4 antibody (#ab53156, Abcam, 1:1000) were used.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.0 software. All results are expressed as the
mean ± standard deviation (SD). p < 0.05 indicated statistical signi�cance. The experiments were
repeated at least three times.

Results
Endometrial SNORNA ENST00000391318 was upregulated in the GnRH antagonist stimulation protocol

A SNORNA pro�le was established, showing the analysis of the differential endometrial SNORNA
expression in the natural cycle and GnRH antagonist protocol (Fig. 1A and B). Then, qRT-PCR was carried
out to verify the expression of upregulated and downregulated SNORNA in a heatmap (Fig. 1A and B).
The results indicated that the endometrial expression of ENST00000391318 was signi�cantly higher with
the GnRH antagonist protocol (Fig. 1C).

SNORNA ENST00000391318 regulates cell proliferation and the cell cycle in Ishikawa cells

ENST00000391318 in Ishikawa cells was signi�cantly overexpressed by transfection with pLVX-
ENST00000391318 and knocked down by transfection with pLKO.1-ENST00000391318 (Fig. 2A). E2 and
P4 could decrease the expression of snoRNA ENST00000391318 in Ishikawa cells (Fig. 2B). Through the
CCK-8 assay (Fig. 2C) and colony formation assay (Fig. 2E), cell proliferation was analyzed, which
showed that ENST00000391318 overexpression inhibited the proliferation of Ishikawa cells, while
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ENST00000391318 knockdown promoted the proliferation of Ishikawa cells. However, cell apoptosis was
not affected by the overexpression or knockdown of ENST00000391318 (Fig. 2D). In the �ow cytometry
analysis, the cell cycle of Ishikawa cells was inhibited by the overexpression of ENST00000391318 and
promoted by the knockdown of ENST00000391318 (Fig. 2F).

SNORNA ENST00000391318 overexpression inhibited cell migration and invasion in Ishikawa cells

The wound healing assay showed that the cell migration ability was inhibited and promoted by the
overexpression and knockdown of ENST00000391318, respectively (Fig. 3A). Transwell assays showed
that the cell invasion ability was inhibited and promoted by the overexpression and knockdown of
ENST00000391318, respectively (Fig. 3B).

Snorna Enst00000391318 Inhibited The Expression Of Endometrium Receptivity Factor

qPCR detected that the mRNA expression of LIF, ITGB3, DKK1 and Claudinlp4 in Ishikawa cells was
suppressed by ENST00000391318 overexpression and enhanced by ENST00000391318 knockdown
(Fig. 4A-D). Western blot analysis detected that the protein expression of LIF, ITGB3, DKK1 and Claudinlp4
in Ishikawa cells was suppressed by ENST00000391318 overexpression and enhanced by
ENST00000391318 knockdown (Fig. 4E).

miRNA-3928-5p is a target of SNORNA ENST00000391318 in Ishikawa cells

One of the important mechanisms of snoRNA in affecting the functions of cells is to regulate the function
of miRNA through the ceRNA mechanism. Therefore, we predicted the miRNAs that could bind to
ENST00000391318 using the bioinformatics software MIRDB (http://mirdb.org/index.html). An
ENST00000391318 RNA pulldown experiment was performed to detect the miRNA bound with
ENST00000391318, and the results showed that miR-3928-5p was signi�cantly enriched in the MS2bs-
ENST00000391318 group (Fig. 5A). Through luciferase reporter gene detection, miR-3928-5p mimics
signi�cantly inhibited the activity of the WT luciferase reporter gene; however, miR-3928-5p mimics had
no effect on the activity of the mut luciferase reporter gene (Fig. 5B). It was found that
ENST00000391318 was signi�cantly enriched in the biotin-miR-3928-5p group by the miRNA pull-down
assay (Fig. 5C). CCK-8 assays showed that 3928-5p mimics signi�cantly promoted the proliferation of
Ishikawa cells, while miR-3928-5p inhibitors signi�cantly inhibited the proliferation of Ishikawa cells (Fig.
5D). Transwell assays showed that miR-3928-5p mimics signi�cantly promoted the invasion of Ishikawa
cells, while miR-6768-3p inhibitors signi�cantly inhibited the invasion of Ishikawa cells (Fig. 5E and 5F).
To determine whether miR-3928-5p mediates the regulatory effect of ENST00000391318 on the invasion
of Ishikawa cells, we inhibited the function of miR-3928-5p using miR-3928-5p inhibitors. When the
function of miR-3928-5p was inhibited, the regulatory effect of ENST00000391318 on the invasion of
Ishikawa cells was decreased (Fig. 5G and 5H).

SNORNA ENST00000391318 regulates the expression of CDH11 through miRNA-3928-5p in Ishikawa
cells
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The target gene of miR-3928-5p was analyzed by using the bioinformatics software TargetScan. The
results showed that miR-39285p could bind to the CDH11 mRNA 3’-UTR (Fig. 6A). qRT-PCR showed that
miR-3928-5p mimics and miR-3928-5p inhibitors had no effect on the expression of CDH11 (Fig. 6B). It
was found that miR-3928-5p mimics signi�cantly inhibited the activity of the CDH11-WT-3’-UTR luciferase
reporter construct but had no effect on the activity of the CDH11-mut-3’-UTR luciferase reporter construct
(Fig. 6C). Western blot analysis showed that miR-3928-5p mimics could inhibit the expression of CDH11
protein, while miR-3928-5p inhibitors could promote the expression of CDH11 protein (Fig. 6D). The
overexpression of ENST00000391318 promoted the expression of CDH11, and silencing of miR-3928-5p
by miR-3928-5p inhibitors signi�cantly inhibited the regulatory effect of ENST00000391318 on the
protein expression of CDH11 (Fig. 6E).

Discussion
Endometrial receptivity is a complex phenomenon that plays an important role in infertility. Although
embryo quality can be evaluated for successful implantation, endometrial receptivity remains an
unknown factor [1; 14]. GnRH antagonist protocol is one of the most commonly used regimens in IVF. We
found that endometrial snoRNA ENST00000391318 which is closely related to endometrial receptivity
was upregulated in the GnRH antagonist protocol. The process of embryo implantation includes a series
of processes, such as positioning, adhesion, invasion, and placental angiogenesis. Our research found
that snoRNA ENST00000391318 inhibits the proliferation, migration and invasion ability of endometrial
cells.

Posttranscriptional modi�cation of RNA and the control of mRNA stability and translation are important
components of gene expression regulation in human cells [10]. Small nucleolar RNAs and their functional
fragments play an important role in these processes: they direct the nucleotide modi�cation of rRNA and
snRNA, in�uence 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 [17]. The structure, expression pattern and
intracellular localization of snoRNAs have regulatory signi�cance and are considered diagnostic markers
of pathology. Further understanding of snoRNA expression and its functional mechanism will provide
new possibilities for the development of human disease diagnosis systems and new treatment methods.
Comparing snoRNA expression in the GnRH antagonist regimen group with that in the natural cycle group
by small RNA sequencing, we found that some snoRNA expression was changed and identi�ed with qRT-
PCR. We found that the change in snoRNA ENST00000391318 expression was mostly signi�cant.
Therefore, we will focus on the relationship between snoRNA ENST000000391318 and endometrial
receptivity. We found that snoRNA ENST000000391318 could regulate the expression of endometrial
receptivity factors, and thus, snoRNA ENST000000391318 may be a key gene regulating endometrial
receptivity. To study the mechanism by which snoRNA enst000000391318 regulates endometrial
receptivity, we veri�ed the binding of snoRNA ENST000000391318 with miR-3928-5p by bioinformatics
analysis and experimental veri�cation. This is the �rst report of the relationship between snoRNA and
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endometrial receptivity. In this study, we found that the snoRNA ENST00000391318 can downregulate
the function of miR-3928-5p through the ceRNA mechanism, thereby upregulating the expression of
CDH11. The CDH11 gene, located on chromosome 16q22.1, is a member of the cadherin superfamily.
Calcium-dependent intercellular adhesion molecules in this family are essential in cell adhesion,
proliferation and invasion. CDH11 participates in mir-27b-induced epithelial mesenchymal transition
(EMT) by regulating the expression of E-cadherin, vimentin and N-cadherin [18]. CDH11 is closely related
to cell proliferation and migration [19]. The mechanism of CDH11 in regulating endometrial cell
proliferation, invasion and endometrial receptivity needs to be further explored in a follow-up study.

Conclusion
We used high-throughput sequencing to analyze the relationship between snoRNAs and endometrial
receptivity. For the �rst time, we reported the role of snoRNAs in endometrial receptivity. Furthermore, we
explained the mechanism by which snoRNA ENST00000391318 regulates endometrial receptivity.
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Figure 1

Endometrial SNORNA ENST00000391318 was upregulated in the GnRH antagonist protocol. (A) Volcano
map indicating the expression of endometrial SNORNA in the GnRH antagonist protocol and natural
cycle. A Group GnRH antagonist protocol B Group Natural cycle. (B) Heatmap indicating the expressions
of endometrial SNORNA in the GnRH antagonist protocol and natural cycle. (C) qPCR detecting the
expressions of endometrial SNORNA in the GnRH antagonist protocol and natural cycle.
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Figure 2

SNORNA ENST00000391318 inhibited the proliferation of Ishikawa cells. (A) qPCR was used to detect
the expression of ENST00000391318 in Ishikawa cells transfected with lentivirus. (B) qPCR was used to
detect the expression of ENST00000391318 in Ishikawa cells with or without E2 and P4 stimulation. (C)
The CCK-8 assay was used to detect the proliferation of Ishikawa cells with ENST00000391318
overexpression or knockdown. (D) Flow cytometry detected the apoptosis of Ishikawa cells with
ENST00000391318 overexpression or knockdown. (E) The clone formation assay was used to detect the
proliferation of Ishikawa cells with ENST00000391318 overexpression or knockdown. (F) Flow cytometry
detected the cell cycle of Ishikawa cells with ENST00000391318 overexpression or knockdown.

Figure 3

SNORNA ENST00000391318 inhibited the migration and invasion of Ishikawa cells. (A) Scratch assays
detected the migration of Ishikawa cells with ENST00000391318 overexpression or knockdown. (B) The
Transwell assay detected the invasion of Ishikawa cells with ENST00000391318 overexpression or
knockdown.
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Figure 4

SNORNA ENST00000391318 inhibited the expression of receptivity factors. qPCR detected the mRNA
expressions of LIF (A), ITGB3 (B), DKK1 (C) and Claudinlp4 (D) in Ishikawa cells with ENST00000391318
overexpression or knockdown. (E) Western blot analysis of the protein expressions of LIF, ITGB3, DKK1
and Claudinlp4 in Ishikawa cells with ENST00000391318 overexpression or knockdown.
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Figure 5

miRNA-3928-5p is a target of ENST00000391318 in Ishikawa cells. (A) RNA pulldown experiment of
ENST00000391318 to detect the miRNA bound with ENST00000391318. (B) The luciferase reporter
assay detected the interaction of miR-3928-5p with ENST00000391318. (C) ENST00000391318 was
found to be signi�cantly enriched in the biotin-miR-3928-5p group by miRNA pulldown, detecting the
interaction of miR-miR-3928-5p with ENST00000391318. (D) The CCK-8 assay detected the effect of miR-
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3928-5p on the proliferation of Ishikawa cells. (E) Transwell assays detected the effect of miR-3928-5p on
the invasion of Ishikawa cells. (F) Quantitative analysis of the effect of miR-6768-3p on the invasion of
Ishikawa cells. (G) Transwell assays detected the effect of ENST00000391318 on the invasion of
Ishikawa cells with miR-3928-5p inhibition. (H) Quantitative analysis of the effect of ENST00000391318
on the invasion of Ishikawa cells with miR-3928-5p inhibition. * indicates P<0.05, ** indicates P<0.01.

Figure 6

ENST00000391318 regulates the expression of CDH11 through miR-3928-5p in Ishikawa cells. (A)
TargetScan analysis showing the interaction of miR-3928-5p and the CDH11 mRNA 3’-UTR. (B) qRT-PCR
detected the effect of miR-3928-5p on the expression of CDH11. (C) The luciferase reporter assay
detected the interaction of miR-3928-5p with the CDH11 mRNA 3’-UTR. (D) Western blot analysis detected
the effect of miR-3928-5p on the expression of the CDH11 protein. (E) Western blot analysis detected the
effect of ENST00000391318 on the expression of CDH11 protein in cells with miR-3928-5p inhibition. *
indicates P<0.05, ** indicates P<0.01.


