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ABSTRACT
The primordial follicle pool, providing all oocytes available to a female throughout her reproduc-
tive life, is established perinatally. The formation of primordial follicle pool is regulated by precise
transcriptional and post-transcriptional mechanisms. Recent studies have identified several
microRNAs as post-transcriptional regulatory factors in the process of primordial follicle assembly.
Here, we showed that miR-92b-3p was significantly upregulated in the stage of primordial follicle
assembly in newborn mouse ovaries. Inhibiting miR-92b-3p suppressed the formation of primor-
dial follicles, while overexpression of miR-92b-3p accelerated the processes of cyst breakdown and
the following primordial follicle assembly. Accordingly, the expression of follicular development-
related genes was reduced upon inhibiting of miR-92b-3p and increased under miR-92b-3p
overexpression. Mechanistic studies identified TSC1 as a direct target of miR-92b-3p. miR-92b-
3p could activate mTOR/Rps6 signaling through targeting and inhibiting TSC1 expression. In
addition, knockdown of TSC1 showed an identical phenotype with that of miR-92b-3p over-
expression in accelerating processes of cyst breakdown and primordial follicle formation. Thus,
our work demonstrates that miR-92b-3p is a novel regulator of primordial follicle assembly by
negatively regulating TSC1 in mTOR/Rps6 signaling.
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Introduction

The entire process of primordial follicle formation
involves at least two cell types: the germ cells within
the cyst and the surrounding pregranulosa cells [1].
After cyst breakdown perinatally, each oocyte is
enclosed by pregranulosa cells to form individual
primordial follicle [2]. In mice, the pool of primor-
dial follicles is established in the ovaries during the
first 4–5 days after birth [3,4]. They serve as total
population of developing follicles and oocytes avail-
able to a female for the entire reproductive life [5–7].
Any perturbation of this process can significantly
affect the size of primordial follicle pool, resulting
in serious reproductive diseases such as ovarian dys-
genesis or premature ovarian failure (POF) [8].
However, the mechanisms underlying this process
are far from complete.

MicroRNAs (miRNAs) are endogenous noncod-
ing RNAs comprising approximately 20–22 nucleo-
tides, that can partially negatively regulate target

gene expression through post-transcriptional degra-
dation or translational repression [9]. They are con-
served from worms to mammals and are essential in
cell processes such as proliferation, apoptosis, differ-
entiation, and development, cell cycle control, and
metabolism [10,11]. Recent studies have shown that
some miRNAs are highly enriched in the ovary,
suggesting that these RNAs may play vital roles in
follicular development [12–14]. For examples, miR-
143 inhibits the formation of primordial follicles by
suppressing pregranulosa cell proliferation and
downregulating the expression of genes related to
the cell cycle [15]. MiR-21, miR-125b, let-7b, let-7a,
and let-7c share the same expression pattern as that
of miR-143 in the follicles at each stage of follicular
development [14]. MiR-125b overexpression is also
reported to block the process of primordial follicle
assembly in cultured newborn mouse ovaries, while
its knockdown promotes this process [16]. In con-
trast, miR-376a has the ability to increase primordial
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follicle assembly and decrease apoptosis of oocytes
by modulating the expression of proliferating cell
nuclear antigen (PCNA) in fetal and neonatal
mouse ovaries [17].

MiR-92b is highly conserved from Drosophila to
human [18]. It was originally identified as an onco-
genic miRNA in multiple cancers including glioma,
glioblastoma, and nonsmall cell lung cancer [19–21].
As a member of miR-92b cluster, miR-92b-3p was
reported to be upregulated in metastatic colorectal
carcinoma and targets tumor suppressor F-box and
WD-40 domain protein 7 (FBXW7/hCdc4) [22].
However, in pancreatic cancers, it acts as a tumor
suppressor by targeting Gabra3 [23], indicating
a diverse role of miR-92b-3p in the regulation of
different tumor progress. In addition to its roles in
tumors, miR-92b-3p also mediates the proliferation
and cell cycle progression of pulmonary artery
smooth muscles [24], or regulates cardiac hyper-
trophic growth [25]. Recent clinical studies have
identified miR-92b-3p as one of the downregulated
miRNAs which play important roles in the etiology
and pathophysiology of polycystic ovary syndrome
patients [26]. But the role of miR-92b-3p in follicular
development is completely lacking. We therefore
evaluated the expression of miR-92b-3p during pri-
mordial follicle formation, and then investigated its
function through microRNA transfection in the
newborn mouse ovary culture system. Our results
demonstrated for the first time that miR-92b-3p is
critical for primordial follicle formation.

Materials and methods

Experimental animals and ovary organ culture

ICR mice were purchased from the Animal Core
Facility of Nanjing Medical University. Animal
care and experimental procedures were approved
by the Animal Care and Use Committee of
Nanjing Medical University. Mice were main-
tained under a 12/12-h dark-light cycle at 22°C
with free access to food and water. Adult male
and female mice were mated using timed mating,
and females were checked for the presence of
a vaginal plug in the following morning. The pre-
sence of a vaginal plug was denoted as 0.5 day post
coitus (dpc). Embryonic ovaries were collected at
16.5 dpc, and neonatal ovaries were collected at

0.5, 2.5, and 6.5 days post parturition (dpp) for
immunohistochemistry. Ovaries were isolated
from newborn mouse, three to four ovaries were
pooled and placed in a 24-well dish and cultured
in DMEM:HAM/F12 (invitrogen), which was free
of FBS, and incubated at 37°C in a humidified
atmosphere of 5% CO2.

Mouse ovary transfection

ThemiR-92b-3pmimics, inhibitor and corresponding
scramble control were designed and synthesized by
Gene Pharma (Shanghai, China). The oligonucleotide
sequences are listed in Supplementary Table 1.
Oligonucleotides were transfected into the mouse 0.5
dpp ovaries with Lipofectamine 2000 Transfection
Reagent (Cat# 11,668,019, Invitrogen). Forty-eight
hours after transfection, the medium was changed
with replacement of half of the complete medium.
Ovaries were harvested 96 h after transfection.

Quantitative real-time PCR

Total RNA was isolated from three to four ovaries
using the Qiagen RNeasy Mini Kit in combination
with on-column DNase treatment (Applied
Biosystems, USA). A High Capacity RNA-to-cDNA
Kit (Applied Biosystems) was used to synthesize the
first strand of cDNA. Reversed transcriptase (RT)
reaction was promoted by M-MLV reverse transcrip-
tase (Promega) with purified total RNA (1 μg) as
a template and 50 nM RT primer (sequences listed
in Supplementary Table 1). Quantitative real-time
PCR was performed using the Power SYBR Green
PCR Master Mix (Applied Biosystems) with gene-
specific primers (sequences listed in Supplementary
Table 1). All gene transcripts were normalized to
GAPDH, and the relative fold change was calculated
using the 2−ΔΔCT method.

Immunohistochemistry

Cultured ovaries were collected, fixed in 4% parafor-
maldehyde for 2 h at room temperature, embedded
and continuously sectioned at 5 μmof thickness. After
deparaffinization and rehydration, sections were pro-
cessed for blocking of endogenous peroxidase activity
with 3% hydrogen peroxide in methanol for 20 min.
Antigen retrieval pretreatment was performed by
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boiling the sections in 0.01M citrate buffer, pH 6.0 for
15min.After blockingwith 10%normal goat serum in
PBS, sections were incubated with VASA antibody
(Ab13840, Abcam) overnight at 4°C. Nonimmunized
rabbit serum was used as controls.

Western blotting

Ovaries were lysed with RIPA buffer (50 mM Tris-
HCl, pH 7.4, 150 mM NaCl, 1% Triton X-100, 1%
sodium deoxycholate, 0.1% SDS) with 1x protease
inhibitor, boiled for 10 min in Laemmli buffer, and
then directly loaded onto a 10% SDS-PAGE gel for
protein separation. After transferred to
a nitrocellulose membrane, blots were blocked
with 5% nonfat dry milk in TBS containing 0.5%
Tween-20 (TBS-T), washed and incubated with
anti-VASA (Ab13840, Abcam) overnight at 4°C.
The blots were then washed 3 times in TBS-T and
incubated with peroxidase-conjugated goat anti-
rabbit IgG secondary antibody (Jackson Immuno
Research) for 1 h. The signals were visualized
using an Enhanced Chemiluminescence Detection
Kit (Pierce Biotechnology, USA) on an ECL Plus
Western Blotting Detection System (GE Health
care, Piscataway, NJ, USA).

Luciferase reporter assay

The 3ʹ-UTR of mouse TSC1 mRNA was cloned
and introduced between the KpnI and NheI
restriction sites into the modified pGL3 luciferase
reporter vector (gift from Dr. Chun Lu from
Nanjing Medical University). The firefly luciferase
vector was used for internal control. Constructs
with mutated 3ʹ-UTR of TSC1 mRNA were used
as negative controls. The constructs were con-
firmed by sequencing. Then a mixture containing
200 ng/mL of the luciferase reporter plasmid and
40 nM miR-92b-3p mimics, miR-92b-3p inhibitors
or the corresponding controls was transfected into
293T cells. The luciferase activity was measured by
the Dual-luciferase reporter assay system (Cat#:
E2920, Promega).

Histological evaluation of follicle numbers

The in vitro cultured mouse ovaries were fixed in
10% buffered formalin for 12 h, embedded in paraf-
fin, serially sectioned at a thickness of 5 μm, and then

stained with an antibody against VASA, a specific
marker for germ cells. Follicles were counted in every
fifth section, and only oocyte with a visible nucleus
was counted to avoid duplicate counts. Germ cells
not surrounded by pregranulosa cells were scored as
unassembled (remaining in cysts). Follicles were
scored as primordial follicles if oocytes with visible
nuclei were surrounded by pregranulosa cells or
a mixture of squamous and cuboidal somatic cells.
Follicle populations were expressed as a percentage
of the total number of germ cells counted.

Statistical analysis

All experiments were repeated at least three times.
All data were analyzed using Student’s t-test. The
values were presented as the mean ± SED.
Statistical analysis was performed using the t-test
or one-way ANOVA. A value of P < 0.05 was
considered to indicate statistical significance.

Results

Mir-92b-3p expression is coincident with
primordial follicle assembly process in the
neonatal mouse ovaries

From an integrated miRNA-seq database YM500v2
[27], we observed a highly expressed miR-92b-3p in
human ovaries and brains (Figure 1a). Since miRNA
sequences are highly conserved between species, we
next validated the online array expression findings in
various tissues of adult mice. Results confirmed that
miR-92b-3p expression in ovaries and brains was
more abundant than in other tissues (Figure 1b).
The relatively high expression of miR-92b-3p in
adult ovaries promoted us to test whether miR-92b-
3p may also express in fetal and neonatal mouse
ovaries. Our real-time PCR analysis results showed
that miR-92b-3p mRNA expressed at a low level on
16.5 dpc, the stage when the cyst formation is largely
ready, then sharply increased and reached the max-
imum at 0.5dpp, when cyst break down starts and
primordial follicles form, and followed by a decrease
to a similar level to that of 16.5 dpc on 2.5 dpp, and
increased again thereafter (Figure 1c). It was inter-
esting to note that miR-92b-3p expression was much
higher in the newborn period, during which primor-
dial follicle assembly occurs, suggesting that miR-
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92b-3p may play an important role in primordial
follicle assembly process.

Mir-92b-3p may regulate primordial follicle
assembly process in the neonatal mouse ovaries

To assess the effect of miR-92b-3p on the forma-
tion of primordial follicles, we overexpressed or
silenced miR-92b-3p in 0.5 dpp ovaries through
transfection of miR-92b-3p mimics or inhibitor,
respectively. It has been demonstrated that there
is a high efficiency of microRNA transfection in
the newborn mouse ovary culture system [16,17].
To further validate the efficiency of delivery of
microRNAs to cultured mouse ovaries, we first
transfected 0.5 dpp ovaries with miR-92b-3p
labeled with Cy3 (Cy3-miR-92b-3p) and then
detected the fluoresce signals under confocal
microscopy 96 h post transfection. We observed
a homogenous red fluorescence through the whole
ovary (Figure 2a). The overexpression or silencing
efficiencies in the cultured ovaries were then deter-
mined 4 days after transfection by real-time PCR.
miR-92b-3p mimics sharply upregulated miR-92b-
3p expression, and the inhibitor dramatically
downregulated the endogenous miR-92b-3p
(Figure 2b and c).

Then, the cultured ovaries after transfection at
0.5dpp were subjected to histological examination.
We counted the oocytes in cultured ovaries every
24 h after miR-92b-3p mimics or inhibitor trans-
fection. The results showed that miR-92b-3p
mimics or inhibitor transfection did not affect

the total number of oocytes. However, in the
miR-92b-3p inhibitor group, ovaries exhibited
a significant decreased percentage of germ cells
in primordial follicles compared to the controls
96 h after transfection, with a correspondingly sig-
nificant induction in the percentage of germ cells
remaining in cysts (Figure 3a). In contrast, miR-
92b-3p mimics-transfected ovaries exhibited more
primordial follicles than the mimics controls, with
a significant decrease of germ cells in cysts 96
h after transfection (Figure 3b). Increased primor-
dial follicle number in neonatal mouse ovaries has
been attributed to the increased number of surviv-
ing oocytes during follicle formation [17]. In con-
sistent with the change of oocyte quantification,
expression of the genes related to growing oocytes
(GDF9, BMP15, ZP3, and Kit) and proliferating
granulosa cell (Amhr2) also showed a significant
decrease in the miR-92b-3p inhibitor group
(Figure 4a), while a dramatic increase in the
mimics controls (Figure 4b). These results indicate
that miR-92b-3p may promote primordial follicle
assembly in neonatal mouse ovaries.

TSC1 is a direct target of mir-92b-3p during
primordial follicle assembly

In order to find out the potential miR-92b-3p tar-
geted genes, the targeted mRNAs were predicted by
both the computational prediction algorithms
miRDB (http://www.mirdb.org/) and Targetscan
(http://www.targetscan.org/mamm_31/), separately.
There were 258 targeted mRNAs overlapped from

Figure 1. MiR-92b-3p expression in the developing mouse ovary. (a) Expression of miR-92b-3p in human organs from an integrated
miRNA-seq database YM500v2. (b) Real-time PCR analysis of miR-92b-3p expression in tissues of adult mice. (c) Real-time PCR
analysis of miR-92b-3p expression in developing mouse ovaries. Data were obtained from at least six ovaries and are presented as
mean ± SED. MiR-92b-3p was normalized to miR-U6 expression. *p < 0.05 was considered statistically different.
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these two online databases for miRNA target predic-
tion and functional annotations (Figure 5a). These
target genes were then submitted to the FunRich

database (http://www.funrich.org/) [28] for func-
tional enrichment and interaction network analysis.
Among these 258 putative miR-92b-3p targets,

Figure 2. Validation of efficiency of ovarian transfection of microRNA in vitro. (a) Ovaries were collected after incubation with miR-
92b-3p labeled with Cy3 and evaluated by confocal microscopy. Strong red fluorescence was observed after 96 h of transfection.
DAPI was used for staining nuclei. Bar = 50 μm. (b, c) Real-time PCR analysis of miR-92b-3p expression in ovaries transfected with
miR-92b-3p inhibitor, miR-92b-3p mimics, or their respective controls. *p < 0.05.

Figure 3. miR-92b-3p promotes primordial follicle assembly in neonatal mouse ovaries. The cultured ovaries after transfection at 0.5
dpp were subjected to immunohistochemistrical analysis with VASA antibody (dark brown) to help visualize the germ cells in the
primordial follicles. Follicles were detected and counted in sections of mouse ovaries 1, 2, 3, and 4 days after transfection with
(a) Inhibitor NC or miR-92b-3p inhibitor, (b) Mimics NC or miR-92b-3p mimics. Percentage of germ cells in cysts, primordial follicles
was shown on the right panel. Data were obtained from at least six ovaries and are presented as mean ± SED. Dashed red circles
represent cysts. Black circles represent primordial follicles. *p < 0.05.
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Tuberous Sclerosis Complex 1 (TSC1, highlighted in
dashed red circle) appeared to be particularly impor-
tant (Figure 5b). The minimum free energy of hybri-
dization between the predicted target gene and miR-
92b-3p by RNAhybrid also supported the possibility
that 3ʹUTR of TSC1 contains the potential miR-92b-
3p binding seed sequences (Figure 5c). To further
confirm the prediction that TSC1 is a direct target of
miR-92b-3p, the wild-type (WT) or mutated (Mut)
3ʹUTR sequences of TSC1 were cloned into pGL3
luciferase reporter vector and co-transfected with
miR-92b-3p mimics or negative control into 293T
cells. The following luciferase reporter assay showed
that miR-92b-3p mimics significantly inhibited luci-
ferase activity of WT-TSC1-3ʹUTR but not that of
Mut-TSC1-3ʹUTR (Figure 5d), indicating the
authentic binding between miR-92b-3p and TSC1-
3ʹUTR. Therefore, we determined TSC1 expression
during primordial follicle assembly in cultured ovar-
ies 96 h after transfection with miR-92b-3p inhibitor
or miR-92b-3p mimics by qRT-PCR and western
blot. Results showed that the application of miR-
92b-3p inhibitor promoted both the mRNA and

protein levels of TSC1 while exogenous expression
of miR-92b-3p mimics inhibited TSC1 expression
(Figure 5e and f).

Mir-92b-3p activates mTOR/Rps6 signaling
during primordial follicle assembly

TSC1 is an important upstream negative regulator of
the mTORC1 in mTOR/Rps6 signaling pathway
[29,30]. Given that miR-92b-3p downregulated TSC1
protein expression during primordial follicle forma-
tion, it is possible that miR-92b-3p may regulate pri-
mordial follicle assembly process in the neonatal
mouse ovaries by altering TSC1/mTOR/Rps6 signal-
ing. To test this hypothesis, we transfected the 0.5dpp
ovaries with miR-92b-3p mimics or inhibitor, fol-
lowed by immunoblotting analysis. Results showed
that the activation of p-Rps6 (235/236) was inhibited
after 96 h of treatment with miR-92b-3p inhibitor,
while miR-92b-3pmimics promoted phosphorylation
of Rps6 (Figure 5f). Of note, this result also correlated
with decreased expression of both protein andmRNA
of Rps6 by miR-92b-3p inhibitor treatment, or

Figure 4. miR-92b-3p activates the expression of the genes related to growing oocytes and granulosa cells. (a) Real-time PCR
analysis of genes in control or miR-92b-3p inhibitor-treated ovaries. The levels of mRNA expression in miR-92b-3p inhibitor-treated
groups were normalized to the control groups. (b) Real-time PCR analysis of genes in control or miR-92b-3p mimics treated ovaries.
The levels of mRNA expression in miR-92b-3p mimics treated groups were normalized to the control groups. *p < 0.05.
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enhanced Rps6 expression under miR-92b-3pmimics
(Figure 5f and g). The relatively consistent p-Rps6/
Rps6 protein intensity ratio between each treatment
and control groups (Figure 5h) further indicated that
alterationofRps6 activationmaybe caused by changes
of Rps6 expression. Together, miR-92b-3p could tar-
get and inhibit TSC1 expression, thus further enhan-
cing Rps6 expression and activity during primordial
follicle assembly.

TSC1 negatively regulates primordial follicle
assembly

Given that miR-92b-3p could downregulate TSC1
protein expression and promote primordial follicle
assembly in neonatal mouse ovaries, we wondered
whether depletion of TSC1 could also activate pri-
mordial follicle assembly, as does miR-92b-3p dur-
ing primordial follicle formation. To test this

Figure 5. miR-92b-3p targets TSC1 to activate Rps6 during primordial follicle assembly. (a) Vein diagram showing the potential 258miR-92b-
3p targeted mRNAs from two computational prediction algorithmsmiRDB and Targetscan. (b) FunRich database analysis of the 258 miR-92b-
3p targets showing TSC1 to be an important target. (c) The sequence alignment ofmousemiR-92b-3p and the 3′-UTR of TSC1.Mutations of the
3′-UTR of TSC1 (underlined CACGUUAU) was used to create the mutant luciferase reporter construct. The WT and Mut-TSC1 3ʹUTR were
separately cloned into the modified pGL3 luciferase reporter vector. (d) Luciferase reporter assay showing that the activity of WT-TSC1 3ʹUTR,
but not Mut-TSC1 3ʹUTR, was repressed by miR-92b-3p overexpression. (e) TSC1 mRNA expression was detected by Real-time PCR analysis
after miR-92b-3p inhibitor or miR-92b-3pmimics transfection. (f) TSC1 protein expression was detected by western blotting after miR-92b-3p
inhibitor or miR-92b-3p mimics transfection. P-Rps6 and total Rps6 were also tested. β-tubulin was used as a loading control. (g) Rps6 mRNA
expression was detected by Real-time PCR analysis after miR-92b-3p inhibitor or miR-92b-3p mimics transfection. (h) The relative expression
levels of p-Rps6 and total Rps6 proteins were analyzed by ImageJ software. *P < 0.05.

830 T. LI ET AL.



hypothesis, we first transfected 0.5dpp ovaries with
siTSC1, followed by qRT-PCR and immunoblotting
analyses 96 h after transfection. Results showed that
both mRNA and protein levels of TSC1 were dra-
matically inhibited by TSC1 siRNA transfection
(Figure 6a and b). Ovary histological examination
showed that the percentage of germ cells in primor-
dial follicles was significantly elevated in siTSC1
group than that in the controls, with
a correspondingly significant reduction in the per-
centage of germ cells remaining in cysts (Figure 6c
and d). Real-time PCR analysis for the expression of
the genes related to growing oocytes showed that
siTSC1 also increased these gene expressions
(Figure 6e). Together, the results suggested that
depletion of TSC1 increased cyst breakdown and
promoted primordial follicle formation.

Discussion

As a highly conserved serine/threonine kinase,
mTORC1, and mTORC2 represent two large phy-
sically and functionally distinct signaling com-
plexes, with Raptor (regulatory-associated protein

of mTOR) and Rictor (rapamycin-insensitive com-
panion of mTOR) for mTORC1 and mTORC2,
respectively [31,32]. mTORC1 is sensitive to rapa-
mycin and promotes cell growth largely through
regulation of the activity of its downstream targets
S6 kinase 1 (S6K1) and the translational regulators
eukaryotic translation initiation factor 4E-BP1
[33], which are then responsible for phosphoryla-
tion and activation of Rps6 and eIF4E [34,35].
mTORC1 is known to modulate many cellular
processes such as protein synthesis, ribosome bio-
genesis and autophagy that ultimately determine
cell growth and proliferation in response to
growth factors and nutrients [33,36,37]. In cells,
mTORC1 activity is negatively regulated by
a heterodimeric complex of tuberous sclerosis
complex 1 (TSC1 or hamartin) and TSC2 (or
tuberin) [38]. The suppressive effect of TSC1/
TSC2 complex on the activation of mTORC1 is
through a GTPase activating protein domain
located in TSC2, and the function of TSC1 is to
stabilize TSC2 and protect it from ubiquitination
and degradation [39,40]. Therefore, inhibition or
depletion of TSC1 would release the activity of

Figure 6. TSC1 negatively regulates primordial follicle assembly in the mouse ovary. Real-time PCR (a) and western blot (b) analyses
of TSC1 in 0.5dpp ovaries transfected with TSC1 siRNA or respective controls and cultured for 4 days. (c, d) The 0.5dpp ovaries were
transfected with TSC1 NC or TSC1 siRNA and then collected 4 days later to count the germ cells in cyst (dashed red circle) and
primordial follicles (black circle). The representative images were shown in (c), and percentage of germ cells in cysts, primordial
follicles was shown in (d). (e) Real-time PCR analysis of growth-related genes in TSC1 NC or TSC1 siRNA treated ovaries. The levels of
mRNA expression in TSC1 siRNA treated group were normalized to the control groups. * p < 0.05.
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mTORC1 from TSC1/TSC2 complex, which
further activated mTOR/Rps6 signaling. Our
study fits well with this hypothesis by showing
that miR-92b-3p could activate mTOR/Rps6 sig-
naling through targeting and inhibiting TSC1
expression during primordial follicle assembly.

The roles of the mTOR signaling pathway in folli-
cular development have been extensively studied in
recent years. It has been demonstrated that somatic
mTORC1 signals are essential to control the activation
of primordial follicles and the developmental fates of
dormant oocytes [41]. It is also known that inhibiting
mTOR activation results in a delayed process of cyst
breakdown and the retarded subsequent follicle devel-
opment [42]. Furthermore, deletion of TSC1 or TSC2
in oocytes could lead to premature activation of the
entire pool of primordial follicles and subsequent POF
due to the enhanced mTORC1 signaling in oocytes,
suggesting that TSC1/mTOR signaling is essential to
suppress the activation of primordial follicles
[30,39,43]. However, the role of TSC1 during primor-
dial follicle formation remains largely unknown. We
found that knockdown of TSC1 in the 0.5dpp ovaries
accelerated the breakdown of cysts and assembly of
primordial follicles, suggesting that TSC1maybe a key
upstream modulator in mTOR signaling to control
not only the activation but also the assembly of the
primordial follicles in neonatal mouse ovaries.
Regarding the molecular mechanisms, we showed
that TSC1 is a direct target of miR-92b-3p, and miR-
92b-3p could activate mTOR/Rps6 signaling through
targeting and inhibiting TSC1 expression. In addition,
overexpression of miR-92b-3p showed an identical
phenotype with that of siTSC1 in accelerating pro-
cesses of cyst breakdown and primordial follicle
assembly, while inhibition of miR-92b-3p delayed
these processes, suggesting that miR-92b-3p nega-
tively regulates TSC1 in mTOR/Rps6 signaling to
increase the cyst breakdown and promote primordial
follicle formation.

In conclusion, we identified miR-92b-3p as one
of the upstream regulators for TSC1 in mTOR/
Rps6 signaling pathway, which plays important
roles in the process of cyst breakdown and pri-
mordial follicle assembly. Our work further
extends the knowledge of a regulatory role of
miR-92b-3p during early folliculogenesis in mam-
malian ovaries, and offers new insights into ovar-
ian physiology and pathology.
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