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ABSTRACT The development of follicles in the ovaries
is a critical determinant of poultry egg production. There
are existing studies on the follicular development patterns
in poultry, but the specific regulatory mechanisms still need
further study. In a previous study, we identified long non-
coding RNA (IncRNA) MSTRG.5970.28, anosmin 1
(ANOS1), and its predicted target miR-133a-3p that may
be associated with goose ovary development. However, the
function of MSTRG.5970.28 in goose granulosa, cells and its
regulatory mechanisms affecting granulosa cell proliferation
and apoptosis have not been reported. In the present study,
MSTRG.5970.28 and miR-133a-3p overexpression and
interference vectors were constructed. Combined with
reverse-transcription real-time quantitative PCR (RT-
gPCR), a dual luciferase activity assay, Cell Counting
Kit-8 (CCK-8), and flow cytometric analysis, we investi-
gated the role of the MSTRG.5970.28-miR-133a-3p-
ANOSTI axis in goose follicular granulosa cells and the asso-
ciated regulatory mechanisms. MSTRG.5970.28 was found

to be localized in the cytoplasm and its expression was influ-
enced by reproductive hormones. The targeting relation-
ship among MSTRG.5970.28, ANOS1, and miR-133a-3p
were verified by a dual luciferase activity assay. CCK-8 and
apoptosis assays showed that MSTR(G.5970.28 inhibited
the proliferation and promoted apoptosis of goose granulosa
cells. The regulatory role of miR-133a-3p on granulosa cell
proliferation ~ and  apoptosis was  opposite  to
MSTRG.5970.28. We found that the proliferative and apo-
ptotic effects of granulosa cells caused by MSTRG.5970.28
overexpression were attenuated by miR-133a-3p.
MSTRG.5970.28 functions as a competitive endogenous
RNA that regulates ANOSI expression by sponging miR-
133a-3p and thus exerts regulatory functions in granulosa
cells. In sum, the present study identified IncRNA
MSTRG.5970.28 as associated with goose ovary develop-
ment, which affects the expression of ANOS1 by targeting
miR-133a-3p, thereby influencing the proliferation and apo-
ptosis of goose granulosa cells.
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INTRODUCTION

Follicular development is a key determinant of egg
production performance in poultry (Liu et al., 2022).
Follicular development is a complex biological process
with numerous genes and pathways involved in prolifer-
ation and differentiation (Johnson et al., 2008). Granu-
losa cell proliferation promotes follicular maturation,
whereas granulosa cell apoptosis triggers follicular atre-
sia (Aerts and Bols, 2010; He et al., 2016). It follows
that granulosa cells play a determinant role in follicular
development. Granulosa cell proliferation and apoptosis
are regulated by a variety of influences, including those
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that are genetic-, nutritional-, and hormonal-based
(Asselin et al., 2000).

Molecular biology technologies have become impor-
tant research tools to reveal the molecular mechanisms
of granulosa cell proliferation or apoptosis. LncRNAs
are a series of RNA larger than 200 nt (Fang and Full-
wood, 2016) that play important regulatory role at the
transcriptional and post-transcriptional levels by spong-
ing microRNA (miRNA) or other molecules (Li et al.,
2020). Studies show that IncRNAs play regulatory roles
in biological processes such as gonadal development,
hormone regulation, sex determination, and embryo
implantation (Gayatri et al., 2012; Mulvey Brett et al.,
2014). Currently, IncRNAs have been detected in
human (Li et al., 2019), murine (Hu et al., 2019), porcine
(Hu et al., 2021), chicken (Peng et al., 2019), and duck
(Wu et al, 2021) follicles or granulosa cells.
Hu et al. (2021) identified IncRNA TCONS 00814106
in porcine granulosa cells as a competing endogenous
RNA (ceRNA) that regulates the expression of
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transforming growth factor beta receptor 1 (TGFBR1)
by sponge-binding miR-~1343, thus exerting a regulatory
function in granulosa cells. Wu et al. (2021) found in
duck follicles that Inc 13814 promotes apoptosis of
granulosa cells by binding with and inhibiting the
expression of apla-mir-145-4 and then upregulating the
expression of DNA damage inducible transcript 3
(DDIT3). Relative to other livestock and birds, few
results have been reported on IncRNA in ovarian devel-
opment in geese. Gao et al. (2021) analyzed the dynamic
expression and function of IncRNAs in ovarian granu-
losa cells at different developmental stages in geese.
Ouyang et al. (2020) analyzed the differential expression
and function of ovarian stromal IncRNAs between high
and low egg production Sichuan white geese and Langde
geese.

Our research team constructed a differential IncRNA-
miRNA-mRNA regulation network associated with
goose ovary development by whole transcriptome
sequencing of ovarian tissues of Yili geese at the pre-lay-
ing, laying, and ceased-laying period. The expression of
IncRNA MSTRG.5970.28 is significantly upregulated in
Yili goose when it enters the ceased-laying from laying
period. MSTRG.5970.28 has a predicted targeting rela-
tionship with differentially expressed miR-133a-3p,
ANOS1 (Zhao et al., 2022). This study intends to
explore the regulatory role of the MSTRG.5970.28-miR-
133a-3p-ANOS1 axis in goose follicular granulosa cells
by constructing IncRNA MSTRG.5970.28 overexpres-
sion vectors and siRNA to reveal the function of IncRNA
MSTRG.5970.28.

MATERIALS AND METHODS

Cell Culture and Nuclear-Cytoplasmic
Fractionation

Sample collection and cell treatment involved were
approved by the Animal Welfare and Ethics Committee
of Xinjiang Agricultural University, Urumgqi, Xinjiang,
China (Approval number 2019004). Healthy female
geese kept under the same conditions and at peak egg
production were selected. All selected geese were eutha-
nized by carbon dioxide inhalation and cervical disloca-
tion. Ovaries were removed immediately after slaughter
and washed several times with PBS. According to the
methods of Kang et al. (2017), hierarchical follicles (F1-
F6) were rapidly collected from the ovaries of the geese
and primary granulosa cells were isolated. The pelleted
cells were resuspended in an M199 (G4620, Servicebio,
Wuhan, China), complete medium containing 10% fetal
bovine serum and 1% penicillin-streptomycin solution,
and the cell density was measured and then seeded in 6-
well dishes and incubated for 24 h at 37°C in a 5% CO,
incubator. The isolated granulosa cells were identified
by FSHR immunofluorescence. Nucleocytoplasmic frac-
tionation of follicular granulosa cells was performed
using a Cytoplasmic & Nuclear RNA Purification Kit
(Norgen Biotek, Canada), and total RNA was extracted

from the nucleus and cytoplasm of the cells using TRIzol
reagent (Life Technologies, Carlsbad, CA).

Cell Transfection

The mimics-miR-133a-3p, inhibitor-miR~133a-3p,
OE-MSTRG.5970.28, Si-MSTRG.5970.28, and empty
vector required for the assay were synthesized by Shang-
hai Jima Pharmaceutical Technology Company (Gene-
pharma, Shanghai, China). All constructs were verified
by sequencing. Sequence information is shown in Supple-
mentary Table S1. For plasmid transfection, granulosa
cells were transfected wusing Lipofectamine 2000
(Thermo Fisher Scientific, Waltham, MA) transfection
reagents following the product manual. Cells were col-
lected 24 h after transfection.

FSH and hCG Hormone Treatment

After 48 h of incubation, the granulosa cells were treated
with 10 TU/mL follicle-stimulating hormone (FSH, Solai-
bao, Beijing, China) or 5 IU/mL human chorionic gonado-
tropin (hCGQG, Solaibao); the control group was treated
with an equal volume of PBS for 24 h. The cells were col-
lected after 24 h, total RNA was extracted, and the expres-
sion of IncRNA MSTRG.5970.28 was determined.

Dual-Luciferase Reporter Assay

The psiCheck2-MSTRG.5970.28-WT, psiCheck2-
MSTRG.5970.28-MUT, psiCheck2-ANOS1-WT, psi-
Check2-ANOS1-MUT expression vectors were con-
structed by He Fei Yuanen Biotechnology Company
(Hefei, Anhui, China). The 293T cells were seeded in a
24-well plate (5 x 107 cells/well). These vectors were co-
transfected into cells with NC or miR-~133a-3p mimics
using Lipofectamine 3000 reagent (Invitrogen,
Carlsbad, CA). At 48 h after transfection, cell lysates
were prepared and a dual luciferase reporter assay Kkit,
following the manufacturer’s instructions (RGO027,
Beyotime Institute of Biotechnology), was used to mea-
sure luciferase activities. The relative luciferase activities
were calculated by comparing the Firefly /Renilla lucifer-
ase activity ratio.

Reverse-Transcription Real-Time
Quantitative PCR

TRIzol reagent (Life Technologies, Carlsbad, CA)
was used to extract total RNA from granulosa cells. Pri-
meScript RT reagent Kit with gDNA Eraser kit
(Takara, Dalian, China) was used for the reverse tran-
scription of ¢DNA; qPCR was performed using
2 x SYBR Green qPCR Master Mix (Servicebio) and
run on an ABI StepOnePlus system (ABI, Foster City,
CA). The qPCR volume included 3 uL of ¢cDNA tem-
plate, upstream and downstream primers (0.4 ©L each),
10 uL of 2xSYBR Green qPCR Master Mix (G3322-05,
Servicebio), and RNase-free water to the final volume of
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20 pL. Primers were designed using Primer Premier 5.0
(Premier, Canada). B-actin was used as the internal ref-
erence for IncRNA and mRNA, and U6 was used as an
internal reference for miRNA expression analysis. The
information on primer sequences is given in Supplemen-
tary Table 1. All primers were designed and synthesized
by General Biosystems, Inc. (Anhui, China). The
2 AACT method was used to calculate relative gene
expression levels.

Cell Counting Kit-8 Proliferation Assay

The granulosa cells were seeded into a 96-well plate
(1 x 10 cells/well). Cells were transfected for 48 h. Cell
proliferation assays were performed using the CCK-8
assay Kkits (Servicebio) following the manufacturer’s
instructions. The optical density (OD) value was
checked under an enzyme-linked immunoassay analyzer
at 450 nm, and blank wells were set up to calculate the
cell proliferation viability.

Apoptosis Assays

Cells were seeded in 6-well plates, and transfection
was carried out when cells approached 80% confluence.
After a 24 h culture, the cells were collected and digested
with pancreatic enzymes. An Annexin V-FITC apopto-
sis detection kit (CA1020, Servicebio) was used to detect
apoptosis by flow cytometry. Apoptotic cells were
detected by NovoCyte Flow Cytometer (Agilent, Santa
Clara, CA) and analyzed using NovoExpress software.

Western Blotting Analysis

Cells were collected and centrifuged at 14,000 rpm for
10min at 4°C. A sample of 100 uL of RIPA cell lysis
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solution (containing 1 mM PMSF; Biosharp, Hefei,
China) was added to each 6-well plate and lysed on ice
for 30 min. The product was centrifuged at 12,000 r/min
for 15 min, and the supernatant was obtained for total
protein determination using the BCA method. A sample
containing 10 pg total proteins was separated by 10%
SDS-PAGE and blotted onto a nitrocellulose membrane.
The blots were then blocked with 5% fat-free dry milk
for 2 h at room temperature. The cells were incubated
with the primary antibody goat anti-mouse IgG, goat
anti-rabbit IgG, ANOS1 (1:500), and B-actin (1:1,000)
overnight at 4°C, followed by incubation with horserad-
ish  peroxidase-conjugated  secondary  antibody
(1:10,000) for 2 h. Protein bands were visualized using a
hypersensitive ECL chemiluminescence kit (Thermo Sci-
entific) and densitometric analysis of western blots was
performed with Image J analysis software.

Statistical Analysis

Statistical analysis was performed using SPSS 19.0
(IBM Corp, Armonk, NY) and GraphPad Prism 8.0.
We compared data between 2 groups with a nonpara-
metric ¢ test and those between more than2 groups with
a one-way ANOVA. Each experiment was repeated
>3 times, and data are expressed as mean =+ standard
error of the mean (SEM). P< 0.05 values were deemed
significant.

RESULTS

Identification, Nucleocytoplasmic
Separation, and Hormonal Treatment of
Goose Ovarian Granulosa Cells

After 48 h, goose granulosa cells became adherent, and
exhibited fusiform or irregular triangles (Figure 1A).
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Figure 1. Identification, nucleocytoplasmic separation, and hormonal treatment of goose ovarian granulosa cells. (A) Untreated goose granulosa
cells (control) cultured for 12 to 24 h. (scale bar: 200 pm, magnification 50x). (B) Identification of ovarian granulosa cells by FSHR immunofluores-
cence. (Bright-field microscopy images were recorded at 40 magnification with scale bar: 100 pm. FSHR immunofluorescence images were recorded
at 400 magnification with scale bar: 50 um.) (C) Nucleus/cytoplasm ratio of IncRNA MSTRG.5970.28 and GAPDH were assessed by RT-qPCR.
(D) Effect of FSH or hCG on the expression of IncRNA MSTRG.5970.28. Statistically significant differences were analyzed with Student’s ¢ test
(compared with the control group). All experiments were performed three times. Data are shown as the mean+SD, *P < 0.05 and ** P < 0.01. Abbre-

viation: FSHR, follicle-stimulating hormone receptor.



4 ZHAO ET AL.

FSHR antibodies were used to identify granulosa cells. As
shown in Figure 1B, after staining, the granular cell mem-
brane can be observed to fluoresce in red and the nucleus
is stained in blue. The expression of IncRNA
MSTRG.5970.28 in the nucleus and cytoplasm of granu-
losa cells was detected by quantitative real-time PCR
assays, and MSTRG.5970.28 was found to be expressed
in both the nucleus and cytoplasm, and was highly
expressed in the cytoplasm (Figure 1C). After treatment
of goose granulosa cells with hCG (5 TU/mL) or FSH (10
IU/mL), the expression of MSTRG.5970.28 in pellet cells
significantly decreased (P < 0.01) under both hormonal
treatments (Figure 1D).

Validation of IncRNA MSTRG.5970.28 and
miR-133a-3p Targeting

RNAhybrid analysis showed that MSTRG.5970.28
has a predicted binding site to miR-~-133a-3p
(Figure 2A). To verify the targeting relationship
between MSTRG.5970.28 and miR-133a-3p,
MSTRG.5970.28-wt, MSTRG.5970.28-mut plasmids
containing miR-~133a-3p binding sites were constructed
(Figure 2B). Subsequently, wild-type or mutant plas-
mids were co-transfected into 293T cells with NC or
miR-133a-3p mimics. Dual luciferase activity analysis
showed that miR-133a-3p mimics co-transfected with
MSTRG.5970.28-wt significantly reduced the fluores-
cence activity of the wild-type plasmid (P < 0.05), but

had no significant effect on the mutant plasmid (P >
0.05; Figure 2C). To further verify whether miR-~133a-
3p directly regulates the expression of MSTRG.5970.28,
miR~133a-3p overexpression and interference vectors
were constructed and were transfected into granulo-
cytes. To further verify whether miR-~133a-3p directly
regulates the expression of MSTRG.5970.28, an overex-
pression vector for miR-133a-3p, mimics-miR-133a-3p,
and a suppressor vector, inhibitor-miR-133a-3p, were
constructed and transfected into granulosa cells. Com-
pared with the NC group, the expression of miR-133a-
3p in the mimics-miR-133a-3p group was significantly
increased (P < 0.01) and the expression of miR-133a-3p
in the inhibitor-miR-133a-3p group was significantly
decreased (P < 0.01), indicating that miR-133a-3p over-
expression and inhibition plasmid construction were suc-
cessful  (Figure 2D). When miR-133a-3p was
overexpressed, the expression of MSTRG.5970.28 was
significantly decreased (P < 0.01), and when miR-133a-
3p was inhibited, the expression of MSTRG.5970.28 was
significantly increased (P < 0.01; Figure 2E).

IncRNA MSTRG.5970.28 Regulates the
Proliferation and Apoptosis of Goose Follicle
Granulosa Cells Through miR-133a-3p

As shown in Figure 3A, compared with the NC group,
MSTRG.5970.28 expression was significantly higher in the
OE-MSTRG.5970.28 group (P < 0.01); MSTRG.5970.28
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Figure 2. Validation of IncRNA MSTRG.5970.28 and miR-133a-3p targeting. (A) Predicted binding information of MSTRG.5970.28 to miR-
133a-3p. (B) MSTRG.5970.28 and miR-133a-3p binding site prediction and vector construction. (C) Dual luciferase activity assay of the
MSTRG.5970.28-wt and MSTRG.5970.28-mut vectors in 293T cells co-transfected with miR-133a-3p mimics or negative control (NC) mimics. The
relative luciferase activity was measured at 24 h after transfection, and the standard luciferase activity of the control group was set to 1. (D) miR-
133a-3p overexpression and interference efficiency assay. (E) Expression changes of MSTRG.5970.28 after overexpression /repressed expression of
miR-~133a-3p. mimics-NC, inhibitor-NC, miR-133a-3p mimics or miR-133a-3p inhibitor were transfected into goose GCs. The level of
MSTRG5970.28 was detected at 48 h. B-actin was used as an internal reference. All experiments were performed three times. Data are shown as the

mean3SD, *P < 0.05 and **P < 0.01.
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expression was significantly lower in the Si-1, Si-2, and Si-3
groups (P < 0.01), among which MSTRG.5970.28 expres-
sion was lower in the Si-3 group. These results indicated
that the IncRNA MSTRG.5970.28 overexpression and
interference plasmid were successfully constructed. Subse-
quently, we analyzed the effect of IncRNA
MSTRG.5970.28 on the proliferation and apoptosis of
granulosa cells. The results showed that the cell

proliferation activity was significantly lower (P < 0.01)
and the apoptosis rate was significantly higher (P < 0.01)
in the OE-MSTRG.5970.28 group compared with the NC
group, while the cell proliferation activity was significantly
higher (P < 0.01) and the apoptosis rate was significantly
lower (P < 0.01) in the Si-MSTRG.5970.28 group
(Figures 3B and 3C). By analyzing the effects of miR-
133a-3p on the proliferation and apoptosis of granulosa
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Figure 3. IncRNA MSTRG.5970.28 regulates the proliferation and apoptosis of goose follicle granulosa cells through miR-133a-3p. (A) IncRNA
MSTRG.5970.28 overexpression and interference efficiency assay. (B) Effect of overexpression/repressed expression of MSTRG.5970.28 on the pro-
liferation of granulosa cells was measured by CCK-8 assay. (C) Effect of overexpression/repressed expression of MSTRG.5970.28 on apoptosis of
granulosa cells was detected by flow cytometry. (D) Effect of overexpression/repressed expression of miR-133a-3p on the proliferation of granulosa
cells was measured by CCK-8 assay. (E) Effect of overexpression/repressed expression of miR-133a-3p on apoptosis of granulosa cells was detected
by flow cytometry. (F) Effect of overexpression of MSTRG.5970.28 and miR~133a-3p on the proliferation of granulosa cells was measured by CCK-8
assay. (G) Effect of overexpression of MSTRG.5970.28 and miR-133a-3p on apoptosis of granulosa cells was detected by flow cytometry. All experi-
ments were performed three times. Data are shown as the mean+SD, * P < 0.05 and **P < 0.01.
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Figure 4. Validation of miR-133a-3p targeting with ANOS1. (A) Predicted binding information of miR-133a-3p to ANOSL1. (B) Prediction of
miR-133a-3p and ANOSI binding site and vector construction. (C) Dual luciferase activity assay of the ANOS1-wt and ANOS1-mut vectors in
293T cells co-transfected with miR-133a-3p mimics or negative control (NC) mimics. The relative luciferase activity was measured at 24 h after
transfection, and the standard luciferase activity of the control group was set to 1. (D, E) ANOS1 mRNA and protein expression levels in goose gran-
ulosa cells, transfected with miR-133a-3p mimics or miR-133a-3p inhibitor. All experiments were performed three times. Data are shown as the

mean=+SD, *P < 0.05 and **P < 0.01.

cells, it was found that the proliferative activity of cells in
the mimics-miR-133a-3p group was significantly higher (P
< 0.01) and apoptosis rate was significantly lower (P <
0.01) compared with NC. The proliferative activity of cells
in the inhibitor-miR-133a-3p group was significantly lower
(P < 0.01) and the apoptosis rate was significantly higher
(P < 0.01) in the inhibitor-miR-133a-3p group (Figures 3D
and 3E).

To further analyze the effect of IncRNA
MSTRG.5970.28 on the function of goose follicle granu-
losa cells via miR-133a-3p, we transfected overexpressed
MSTRG.5970.28 with miR-~133a-3p plasmid into granu-
losa cells. The results showed that, compared with the
NC group, the mimics-miR-133a-3p+OE-NC group
showed a significant increase in cell proliferation activity
(P < 0.01) and a significant decrease in apoptosis rate
(P < 0.01), and the mimics-NC+OE-MSTRG.5970.28
group showed a significant decrease in cell proliferation
activity (P < 0.01) and a significantly increase in apo-
ptosis rate (P < 0.01). The co-transfection of mimics-
miR-133a-3p+0OE-MSTRG.5970.28 group reduced the
inhibitory effect of granulocyte proliferation caused by
IncRNA MSTRG.5970.28 overexpression and the apo-
ptosis-promoting effect (Figures 3F and 3G).

Validation of miR-133a-3p Targeting With
ANOS1

RNAhybrid analysis showed that miR-133a-3p had a
predicted binding site to ANOS1 (Figure 4A). To verify
the targeting relationship between miR-133a-3p and
ANOS1, ANOSI-wt, and ANOS1-mut plasmids con-
taining miR-133a-3p binding sites were constructed
(Figure 4B). Subsequently, wild-type or mutant plas-
mids were co-transfected into 293T cells with NC or

miR-133a-3p mimics. Dual luciferase activity analysis
showed that co-transfection of miR-133a-3p mimics and
the ANOSI1-wt group reduced the fluorescence activity
of wild-type plasmids significantly (P < 0.01), but had
no significant effect on the mutant plasmid (P > 0.05;
Figure 4C). To further verify whether ANOSI is a func-
tional target of miR-133a-3p, the overexpression vector
mimics-miR-133a-3p or the inhibitor vector inhibitor-
miR-133a-3p of miR-133a-3p was transfected into gran-
ulosa cell. Compared with the NC group, both mRNA
and protein expression of ANOS1 were significantly
decreased in the mimics-miR-133a-3p group (P < 0.01),
and both mRNA and protein expression of ANOS1 were
significantly increased in the inhibitor-miR-133a-3p
group (P < 0.01; Figures 4D and 4E).

IncRNA MSTRG.5970.28 Regulates ANOS1
Expression by Acting as a ceRNA for miR-
133a-3p

To further analyze if the IncRNA MSTRG.5970.28
regulates the expression of ANOS1 by acting as a
ceRNA for miR-133a-3p, MSTRG.5970.28 was co-trans-
fected with the overexpression plasmid of miR-133a-3p
into granulosa cells. The results showed that compared
with the NC group, the mRNA and protein expression
of ANOS1 in the Control+mimics-miR-133a-3p+OE-
NC group were both significantly decreased (P < 0.01),
and the mRNA and protein expression of ANOS1 in the
Control4+mimics-NC+OE-MSTRG.5970.28 group were
significantly increased (P < 0.01). In the co-transfection
group of Control+mimics-miR-133a-3p+OE-
MSTRG.5970.28, both mRNA and protein expression of
ANOSI were found to be significantly higher than in the
NC group (P < 0.01), but significantly lower than in the
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Figure 5. IncRNA MSTRG.5970.28 regulates ANOS1 expression by acting as a ceRNA for miR-133a-3. (A) Changes in mRNA expression of
ANOS1 after co-transfection of MSTRG.5970.28 with the miR-133a-3p overexpression plasmid. (B) Protein expression changes of ANOS1 after co-
transfection of MSTRG.5970.28 with the miR-133a-3p overexpression plasmid. All experiments were performed three times. Data are shown as the
mean+SD, different capital letters denote significant differences between groups (P < 0.01).

Control4+mimics-NC+OE-MSTRG.5970.28 group (P <
0.01; Figures 5A and 5B).

DISCUSSION

The development of follicles in the ovaries of poultry is
an important factor in determining egg production, and
it is a very complex process that is influenced by a vari-
ety of factors (Cogburn et al., 2007; Wu et al., 2021). It
is important to explore the specific regulatory mecha-
nisms that clarify follicular development in geese to
understand ovarian function and improve egg produc-
tion in geese. Studies show that IncRNAs can play a reg-
ulatory role as ceRNAs for miRNAs (Cogburn et al.,
2007; Wu et al., 2021). Previous studies by our research
group have found that the IncRNA MSTRG.5970.28 in
Yili goose ovary tissue may act as a ceRNA for miR-
133a-3p to regulate the expression of ANOS1, which in
turn affects the developmental of Yili goose ovaries.
Given that IncRNA MSTRG.5970.28 may play an
important regulatory role in goose reproduction, this
study  verified the interaction of IncRNA
MSTRG.5970.28 with miR-133a-3p and its effect on
goose granulosa cell function through a series of in vitro
functional assays.

Follicle-stimulating hormone receptor (FSHR) is a
protein specifically expressed in the follicular granulosa
cells of female animals, and granulosa cells are the only
cells that express FSHR (Verbraak et al., 2011;
Du et al., 2016). In this study, immunofluorescence iden-
tification of follicular granulosa cells by FSHR antibod-
ies revealed positive expression of cytosolic FSHR in
follicular granulosa cells. The expression of IncRNA
MSTRG.5970.28 in the nucleus and cytoplasm of granu-
losa cells was determined and it was found that
MSTRG.5970.28 may function mainly in the cytoplasm,
which suggested that its mechanism functions at the
post-transcriptional level. Reproductive hormones are
known to play an important role in the regulation of fol-
licle  development  (Peretz et  al,  2011).
Heng et al. (2019) showed a significant increase in the
expression of OCT4 in granulosa cells after treatment of
mice with FSH. Li et al. (2017) found that hCG treat-
ment increased the expression of Enpp3 mRNA in rat
ovarian granulosa cells in vitro. In the present study, we

also found that the expression of MSTRG.5970.28 in
goose granulosa cells was regulated by the reproductive
hormones hCG and FSH, suggesting that
MSTRG.5970.28 may be involved in the regulation of
follicular development in geese.

It has been shown that miR-~133 is involved in the reg-
ulation of oocyte meiosis (Li et al., 2017) and ovarian
cancer cell proliferation (Luo et al., 2014). We previously
found that IncRNA MSTRG.5970.28 may be one of the
targets of miR-133a-3p (Zhao et al., 2022). To verify,
this study revealed, by a dual luciferase activity assay,
the presence of a targeting binding site for miR-133a-3p
in MSTRG.5970.28. In addition, the expression of
MSTRG.5970.28 showed significant changes when both
miR-133a-3p were overexpressed or inhibited, further
indicating that MSTRG.5970.28 is one of the targets of
miR~133a-3p. Subsequently, we found overexpression of
MSTRG.5970.28 significantly inhibited the proliferation
and promoted the apoptosis of granulocytes by cell pro-
liferation and apoptosis assays. By contrast, when
MSTRG.5970.28 was interfered with, the proliferative
capacity of granulosa cells was significantly increased
and the apoptosis rate was significantly decreased.
Thus, it may be speculated that MSTRG.5970.28 has an
inhibitory effect on follicle development in geese. When
we overexpressed or interfered with miR-133a-3p, its
proliferative and apoptotic effects on granulosa cells
were opposite to those of MSTRG.5970.28.
Jiang et al. (2021) found that IncRNA CDKN2B-AS1
can upregulate the expression of GDNF, inhibit neuro-
nal cells apoptosis by acting as a sponge to adsorb miR-
133. Meanwhile, it has also been pointed out that miR-
133 is involved in the proliferation regulatory process of
myogenic cells (Yang et al.; 2019). The results of the
present study confirm that miR-133a-3p is involved in
the regulation of proliferation and apoptosis of goose
granulosa cells, which was consistent with the above
findings (Jiang et al., 2021; Yang et al., 2019). This
study found that the proliferative and apoptotic effects
of granulosa cells caused by MSTRG.5970.28 overex-
pression are attenuated by miR-133a-3p. The above
findings indicated that MSTRG.5970.28 is capable of
binding to miR-133a-3p to affect the proliferation and
apoptotic processes of granulosa cells.

The ANOS1 gene, located on the X chromosome
(Qi et al., 2017), has been extensively studied in human
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diseases and was the first gene found to be associated
with the development of Kallmann syndrome
(Franco et al., 1991). It was noted that ANOSI is
expressed in human skeletal muscle cells (Gianola et al.,
2009), skin basal lamina(Raju and Dalakas, 2005), der-
mal cells (Tengara et al., 2010), and in both granulosa
cells and oocytes of the gonads, suggesting that ANOSI,
in addition to its regulatory role in GnRH neuronal
migration, may also play a direct role locally in the
gonads, regulating spermatogenesis, and folliculogenesis
(Hu and Bouloux, 2011). Gach A et al. (2020) found
that ANOSI plays an important role in the FGFR1 sig-
naling pathway and that FGFR1 dysfunction causes
severe reproductive abnormalities. Based on previous
research on ovarian development in Yili geese, we found
that the ANOS1 gene was significantly upregulated in
ovarian tissue and negatively correlated with the expres-
sion of miR-133a-3p when Yili geese entered the ceased-
laying phase of the laying period. In this study, the pres-
ence of a target binding site for miR-~133a-3p in ANOSI1
was identified by a dual luciferase activity assay. When
miR-133a-3p was overexpressed, both mRNA and pro-
tein expression of ANOSI in granulosa cells significantly
decreased; interference with miR-133a-3p increased
both mRNA and protein expression of ANOSI1 in granu-
losa cells, further indicating that miR-133a-3p binds
directly to the 3'-UTR of the goose ANOS1 gene and
that ANOSI is negatively regulated by miR-133a-3p.
The above findings suggest that miR-133a-3p may be
involved in the regulation of granulosa cell function by
negatively regulating ANOS1 and affecting signaling
pathways such as FGFRI1.

Studies show that IncRNAs can act as ceRNAs to
bind specific miRNAs and regulate their functions
(Sadeghi et al., 2022). As a potent microRNA sponge,
regulation of RNA activity by competitive binding of
microRNA response elements (MREs) is one of the
most studied mechanisms of IncRNA. Studies of
ceRNA-based mechanisms regulating cell proliferation
and apoptosis have also been reported in lung adenocar-
cinoma (Zhu et al, 2022) and cervical cancer
(Jiang et al., 2022). In the present study, given that
miR~133a-3p can directly interact with MSTRG.5970.28
and ANOSI1, we co-transfected the overexpression of
MSTRG.5970.28 and miR-~133a-3p plasmid into granu-
losa cells and found that MSTRG.5970.28 acts as a
ceRNA to regulate ANOSI1 expression by sponging miR-
133a-3p in granulosa cells. In other words,
MSTRG.5970.28 can compete with the ANOS1 tran-
script for the miR-133a-3p, thereby reducing the nega-
tive regulatory effect of miR-133a-3p on ANOSI. Thus,
we speculated that high levels of ANOS1 may promote
goose granulosa cells apoptosis.

In summary, this study identified a IncRNA
MSTRG.5970.28 associated with goose ovary develop-
ment, and MSTRG.5970.28 inhibited the proliferation
of granulosa cells and promoted apoptosis. Our study
provides direct evidence for ceRNA regulatory mecha-
nisms in goose granulosa cells, revealing that the
MSTRG.5970.28 /miR-133a-3p/ANOS1 axis plays an

important role in the proliferation and apoptosis of gran-
ulosa cells. As such, the results of this study provide new
insights into the regulatory mechanisms of follicular
development. The development of new targeted drugs
for MSTRG.5970.28, miR-133a-3p, and the ANOS1 reg-
ulatory relationship will be an important step to inhibit
the development of follicular atresia caused by granulosa
cell apoptosis.

ACKNOWLEDGMENTS

This research was funded by the National Natural Sci-
ence Foundation of China (31960648), the Xinjiang
Uygur Autonomous Region Graduate Research and
Innovation Project (XJ2021G177) and the Xinjiang
Uyghur Autonomous Region Rural Revitalization
Industrial Development Science and Technology Action
Project (2020NC024).

Ethics statement: The animal study was reviewed and
approved by the Animal Welfare and Ethics Committee
of Xinjiang Agricultural University, Urumgqi, Xinjiang,
China (Approval number 2019004).

DISCLOSURES

All authors declare that they have no competing inter-
ests.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article
can be found in the online version at doi:10.1016/j.
psj-2022.102451.

REFERENCES

Aerts, J. M. J., and P. E. J. Bols. 2010. Ovarian follicular dynamics. a
review with emphasis on the bovine species. Part II: antral devel-
opment, exogenous influence and future prospects. Reprod.
Domest. Anim. 45:180-187.

Asselin, E., C. W. Xiao, Y. F. Wang, and B. K. Tsang. 2000. Mamma-
lian follicular development and atresia: role of apoptosis. Biol. Sig-
nals Receptors 9:87-95.

Cogburn, L. A.; T. E. Porter, M. J. Duclos, J. Simon, S. C. Burgess,
J. J. Zhu, H. H. Cheng, J. B. Dodgson, and J. Burnside. 2007.
Functional genomics of the chicken-a model organism. Poult. Sci.
86:2059-2094.

Du, X., L. Zhang, X. Li, Z. Pan, H. Liu, and Q. Li. 2016. TGF-beta
signaling controls FSHR signaling-reduced ovarian granulosa cell
apoptosis through the SMAD4/miR-143 axis. Cell Death Dis 7:
€2476.

Fang, Y., and M. J. Fullwood. 2016. Roles, functions, and mecha-
nisms of long non-coding RNAs in cancer. Genomics Proteomics
Bioinform. 14:42-54.

Franco, B., S. Guioli, A. Pragliola, B. Incerti, B. Bardoni,
R. Tonlorenzi, R. Carrozzo, E. Maestrini, M. Pieretti,
P. Taillon-Miller, C. J. Brown, H. F. Willard, C. Lawrence,
P. M. Graziella, G. Camerino, and A. Ballabio. 1991. A gene
deleted in Kallmann’s syndrome shares homology with neural cell
adhesion and axonal path-finding molecules. Nature 353:529-536.

Gach, A., 1. Pinkier, M. Szarras-Czapnik, A. Sakowicz, and
L. Jakubowski. 2020. Expanding the mutational spectrum of
monogenic hypogonadotropic hypogonadism: novel mutations in
ANOST and FGFR1 genes. Reprod. Biol. Endocrinol. 18:8.


https://doi.org/10.1016/j.psj.2022.102451
https://doi.org/10.1016/j.psj.2022.102451
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0008

FUNCTION OF MSTRG.5970.28 IN GRANULOSA CELLS 9

Gao, G., S. Hu, K. Zhang, H. Wang, Y. Xie, C. Zhang, R. Wu,
X. Zhao, H. Zhang, and Q. Wang. 2021. Genome-wide gene expres-
sion profiles reveal distinct molecular characteristics of the goose
granulosa cells. Front. Genet 12:786287.

Gayatri, A., A. V. Suresh, D. Sainitin, and R. M. R. Satyanarayana. 2012.
mrhl RNA, a long noncoding RNA, negatively regulates Wnt signaling
through its protein partner Ddx5/p68 in mouse spermatogonial cells.
Mol. Cell Biol. 32:3140-3152.

Gianola, S., F. de Castro, and F. Rossi. 2009. Anosmin-1 stimulates
outgrowth and branching of developing Purkinje axons. Neurosci-
ence 158:570-584.

He, Y., H. Deng, Z. Jiang, Q. Li, M. Shi, H. Chen, and Z. Han. 2016.
Effects of melatonin on follicular atresia and granulosa cell apopto-
sis in the porcine. Mol. Reprod. Dev. 83:692-700.

Heng, D., Q. Wang, X. Ma, Y. Tian, K. Xu, X. Weng, X. Hu, W. Liu,
and C. Zhang. 2019. Role of OCT4 in the regulation of FSH-
induced granulosa cells growth in female mice. Front. Endocrinol.
(Lausanne) 10:915.

Hu, H., Y. Fu, B. Zhou, Z. Li, Z. Liu, and Q. Jia. 2021. Long non-cod-
ing RNA TCONS 00814106 regulates porcine granulosa cell pro-
liferation and apoptosis by sponging miR-1343. Mol. Cell
Endocrinol. 520:111064.

Hu, K., C. He, H. Ren, H. Wang, K. Liu, L. Li, Y. Liao, and
M. Liang. 2019. LncRNA Gm2044 promotes 17B-estradiol synthe-
sis in mpGCs by acting as miR-138-5p sponge. Mol. Reprod. Dev.
86:1023-1032.

Hu, Y., and P. M. Bouloux. 2011. X-linked GnRH deficiency: role of KAL-
1 mutations in GnRH deficiency. Mol. Cell Endocrinol. 346:13-20.

Jiang, L., H. Jin, S. Gong, K. Han, Z. Li, W. Zhang, and J. Tian. 2022.
LncRNA KCNQ1OT1-mediated cervical cancer progression by
sponging miR-1270 as a ceRNA of LOXL2 through PI3k/Akt
pathway. J. Obstet. Gynaecol. Res. 48:1001-1010.

Jiang, S., C. Wang, J. Zhu, and X. Huang. 2021. Regulation of glial
cell-derived neurotrophic factor in sevoflurane-induced neuronal
apoptosis by long non-coding RNA CDKN2B-AS1 as a ceRNA to
adsorb miR-~133. Am. J. Transl. Res. 13:4760-4770.

Johnson, P. A., T. R. Kent, M. E. Urick, and J. R. Giles. 2008.
Expression and regulation of anti-mullerian hormone in an ovipa-
rous species, the hen. Biol. Reprod. 78:13-19.

Kang, B., D. Jiang, H. He, R. Ma, Z. Chen, and Z. Yi. 2017. Effect of
Oazl overexpression on goose ovarian granulosa cells. Amino
Acids 49:1123-1132.

Li, B., W. Li, W. Liu, J. Xing, Y. Wu, Y. Ma, D. Xu, and Y. Li. 2020.
Comprehensive analysis of IncRNAs; miRNAs and mRNAs related
to thymic development and involution in goose. Genomics
113:1176-1188.

Li, F. X, J. J. Yu, Y. Liu, X. P. Miao, and T. J. Curry. 2017. Induction
of ectonucleotide pyrophosphatase/phosphodiesterase 3 during the
periovulatory period in the rat ovary. Reprod. Sci. 24:1033-1040.

Li, Y., Y. Liu, S. Chen, X. Chen, D. Ye, X. Zhou, J. Zhe, and
J. Zhang. 2019. Down-regulation of long non-coding RNA
MALAT1 inhibits granulosa cell proliferation in endometriosis by
up-regulating P21 via activation of the ERK/MAPK pathway.
Mol. Hum. Reprod. 25:17-29.

Liu, Y., Z. Zhou, H. Zhang, H. Han, J. Yang, W. Li, and K. Wang. 2022.
Transcriptome analysis reveals miR-302a-3p affects granulosa cell pro-
liferation by targeting DRD1 in chickens. Front. Genet. 13:832762.

Luo, J., J. Zhou, Q. Cheng, C. Zhou, and Z. Ding. 2014. Role of micro-
RNA-133a in epithelial ovarian cancer pathogenesis and progres-
sion. Oncol. Lett. 7:1043-1048.

Mulvey Brett, B., U. Olcese, R. Cabrera Janel, and
I. Horabin Jamila. 2014. An interactive network of long non-coding
RNAs facilitates the Drosophila sex determination decision. Bio-
chim. Biophys. Acta 1839:773-784.

Ouyang, Q., S. Hu, G. Wang, J. Hu, J. Zhang, L. Li, B. Hu, H. He,
H. Liu, L. Xia, and J. Wang. 2020. Comparative transcriptome
analysis suggests key roles for 5-hydroxytryptamlne receptors in
control of goose egg production. Genes-Basel 11:455.

Peng, Y., L. Chang, Y. Wang, R. Wang, L. Hu, Z. Zhao, L. Geng,
Z. Liu, Y. Gong, J. Li, X. Li, and C. Zhang. 2019. Genome-wide
differential expression of long noncoding RNAs and mRNAs in
ovarian follicles of two different chicken breeds. Genomics
111:1395-1403.

Peretz, J., R. K. Gupta, J. Singh, I. Hernandez-Ochoa, and
J. A. Flaws. 2011. Bisphenol A impairs follicle growth, inhibits ste-
roidogenesis, and downregulates rate-limiting enzymes in the
estradiol biosynthesis pathway. Toxicol. Sci. 119:209-217.

Qi, L., W. Zhang, Z. Cheng, N. Tang, and Y. Ding. 2017. Study on
molecular mechanism of ANOSI promoting development of colo-
rectal cancer. Plos One 12:¢182964.

Raju, R., and M. C. Dalakas. 2005. Gene expression profile in the
muscles of patients with inflammatory myopathies: effect of ther-
apy with IVIg and biological validation of clinically relevant genes.
Brain 128(Pt 8):1887-1896.

Sadeghi, M., A. Bahrami, A. Hasankhani, H. Kioumarsi, R. Nouralizadeh,
S. A. Abdulkareem, F. Ghafouri, and H. W. Barkema. 2022. IncRNA-
miRNA-mRNA ceRNA network involved in sheep prolificacy: an inte-
grated approach. Genes (Basel) 13:1295.

Tengara, S., M. Tominaga, A. Kamo, K. Taneda, O. Negi, H. Ogawa,
and K. Takamori. 2010. Keratinocyte-derived anosmin-1, an extra-
cellular glycoprotein encoded by the X-linked Kallmann syndrome
gene, is involved in modulation of epidermal nerve density in
atopic dermatitis. J. Dermatol. Sci. 58:64-71.

Verbraak, E. J., V. E. van T, K. M. Groot, B. A. Roelen,
T. van Haeften, W. Stoorvogel, and C. Zijlstra. 2011. Identification
of genes targeted by FSH and oocytes in porcine granulosa cells.
Theriogenology 75:362-376.

Wu, Y., H. Xiao, J. Pi, H. Zhang, A. Pan, Y. Pu, Z. Liang, J. Shen,
J. Du, and T. Huang. 2021. LncRNA Inc_ 13814 promotes the cells
apoptosis in granulosa cells of duck by acting as apla-miR-145-4
sponge. Cell Cycle 20:11-16.

Yang, Z., C. Song, R. Jiang, Y. Huang, X. Lan, C. Lei, and
H. Chen. 2019. Micro-ribonucleic acid-216a regulates bovine pri-
mary muscle cells proliferation and differentiation via targeting
SMAD nuclear interacting protein-1 and smad7. Front. Genet.
10:1112.

Zhao, X., Y. Wu, H. Li, J. Li, Y. Yao, Y. Cao, and Z. Mei. 2022. Com-
prehensive analysis of differentially expressed profiles of mRNA,
IncRNA, and miRNA of Yili geese ovary at different egg-laying
stages. Bmc Genomics 23:607.

Zhu, H., X. Xu, E. Zheng, J. Ni, X. Jiang, M. Yang, and
G. Zhao. 2022. LncRNA RP11-805J14.5 functions as a ceRNA to
regulate CCND2 by sponging miR-34b-3p and miR-139-5p in lung
adenocarcinoma. Oncol. Rep. 48:161.


http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0033
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0033
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0033
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0033
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0035
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0035
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0035
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0035
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0035
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0039
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0039
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0039
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0039
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0040
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0040
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0040
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0040
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0040
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0041
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0041
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0041
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0041
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0042
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0042
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0042
http://refhub.elsevier.com/S0032-5791(22)00745-3/sbref0042

	Long non-coding RNA MSTRG.5970.28 regulates proliferation and apoptosis of goose follicle granulosa cells via the miR-133a-3p/ANOS1 pathway
	INTRODUCTION
	MATERIALS AND METHODS
	Cell Culture and Nuclear-Cytoplasmic Fractionation
	Cell Transfection
	FSH and hCG Hormone Treatment
	Dual-Luciferase Reporter Assay
	Reverse-Transcription Real-Time Quantitative PCR
	Cell Counting Kit-8 Proliferation Assay
	Apoptosis Assays
	Western Blotting Analysis
	Statistical Analysis

	RESULTS
	Identification, Nucleocytoplasmic Separation, and Hormonal Treatment of Goose Ovarian Granulosa Cells
	Validation of lncRNA MSTRG.5970.28 and miR-133a-3p Targeting
	lncRNA MSTRG.5970.28 Regulates the Proliferation and Apoptosis of Goose Follicle Granulosa Cells Through miR-133a-3p
	Validation of miR-133a-3p Targeting With ANOS1
	lncRNA MSTRG.5970.28 Regulates ANOS1 Expression by Acting as a ceRNA for miR-133a-3p

	DISCUSSION
	DISCLOSURES

	Supplementary materials
	REFERENCES



