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Downregulation of microRNA-146a inhibits ovarian

granulosa cell apoptosis by simultaneously targeting

interleukin-1 receptor-associated kinase and tumor
necrosis factor receptor-associated factor 6
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Abstract. Premature ovarian failure (POF), an ovarian
disorder of multifactorial origin, is defined as the occurrence
of amenorrhea, hypergonadotropism and hypoestrogenism
in females <40 years old. Apoptosis of ovarian granulosa
cells is important in POF and understanding the regulatory
mechanism underlying ovarian granulosa cell apoptosis may
be beneficial for the management of POF. Increasing evidence
suggests that microRNAs (miRs) have a regulatory function
in oocyte maturation and ovarian follicular development. In
the present study, the expression of miR-146a in plasma and
ovarian granulosa cells obtained from patients with POF,
its effect on the apoptosis of ovarian granulosa cells and the
possible underlying mechanisms were examined. The present
study demonstrated that compared with the control groups, the
expression of miR-146a in the plasma and in ovarian granu-
losa cells of patients with POF was significantly upregulated.
Furthermore, it was found that miR-146a simultaneously
targeted interleukin-1 receptor-associated kinase (IRAK1) and
tumor necrosis factor receptor-associated factor 6 (TRAFO),
which regulated the activity of nuclear factor-kB and IxBa.
In addition, the results demonstrated that inhibition of the
caspase cascade by caspase inhibitors attenuated the effects of
miR-146a on ovarian granulosa cell apoptosis. Taken together,
these results suggest that miR-146a has an important promoting
effect on the apoptosis of granulosa cells by targeting IRAK1
and TRAF6 via the caspase cascade pathway. These results
may be useful for the management of POF.
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Introduction

Premature ovarian failure (POF), an ovarian disorder of
multifactorial origin, is defined as the occurrence of amenor-
rhea, hypergonadotropism and hypoestrogenism in females
<40 years old (1). POF results in fertility problems and leads
to an increased incidence of cardiovascular disease, stroke
and osteoporosis, a severe endocrine disorder (2). It has been
reported that POF may result from either a reduced number of
follicles formed during ovarian development or an increased
rate of follicle loss (3). Previous studies have demonstrated that
various factors, including androgens (4), can induce apoptosis
in ovarian granulosa cells and result in follicle loss (5). Thus,
the apoptosis of ovarian granulosa cells is important in POF
and understanding the regulatory mechanism underlying
ovarian granulosa cell apoptosis may be advantageous for the
management of POF.

MicroRNAs (miRNAs), a class of gene negative regula-
tors, are short (~22 nt) noncoding RNAs. miRNAs repress
the expression of target genes by degrading or destabilizing
their mRNA in a sequence-specific manner (6). In this way,
miRNAs affect various cellular processes, including cell
proliferation, differentiation and apoptosis under normal and
diseased conditions (7).

Increasing evidence suggests that miRNAs have a regu-
latory function in oocyte maturation and ovarian follicular
development (8). Numerous differentially expressed miRNAs
have been identified in ovary-associated diseases. Fiedler ef al
identified 13 differentially expressed miRNAs in mouse
granulosa cells prior to and 4 h after human chorionic
gonadotropin treatment and further investigation indicated
that miR-21 could inhibit apoptosis of mouse periovulatory
granulosa cells (9). A previous study demonstrated differential
miRNA expression profiles in the plasma of patients with
POF and healthy females by miRNA microarray analysis. A
total of 10 upregulated miRNAs were identified, including
miR-146a (8). Nevertheless, the signaling pathways that regu-
late the expression of miRNAs during POF and the function
of individual miRNAs in granulosa cell apoptosis remain to
be elucidated.

Interleukin (IL)-1 receptor-associated kinase (IRAK1) and
tumor necrosis factor receptor-associated factor 6 (TRAF6),
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two key adaptor/scaffold proteins in the IL-1 and Toll-like
receptor (TLR) signaling pathway, are known to positively
regulate nuclear factor (NF)-kB activity, which is presented by
phosphorylation of IkBa.. IRAK1 and TRAF6 are proposed to
be targeted by miR-146a as a part of the NF-kB-induced nega-
tive feedback loop (10,11). NF-kB has been demonstrated to
be involved in the immune response, inflammation, apoptosis
and other biological processes (12). The caspase cascade is an
important pathway for apoptosis. Activation of caspase-8 and
caspase-9 initiates cell apoptosis, which causes the executor
of cell apoptosis caspase-3 to be cleaved and degrades the
substrate poly (ADP-ribose) polymerase (PARP) (13). Thus, it
was hypothesized that miR-146a contributes to the apoptosis
of ovarian granulosa cells via the caspase cascade by directly
targeting IRAK1 and TRAF6.

The present study generated gain-of and loss-of function
cell models of miR-146a, and various inhibitors of apoptosis
were used. The aim of the study was to explore the functional
role of miR-146a in POF and identify the possible molecular
mechanism for the modulation of miR-146a in POF.

Materials and methods

Tissue samples. Six plasma samples from different patients
with POF and two age-matched normal plasma samples were
obtained from the Xiangya Hospital, Central South University
(Changsha, China) and diagnosis was confirmed by routine
pathological examination. All experiments were conducted
following obtaining approval from the Ethics Committee
of Central South University. Each patient provided written
informed consent.

Isolation of human granulosa cells from patients with POF.
Isolation of human ovarian granulosa cells from follicular
fluid was performed as previously described (8). Briefly,
all granulosa cells were disaggregated and incubated with
10% hyaluronidase for 15 min at 37°C. Subsequently, percoll
(Sigma-Aldrich, St. Louis, MO, USA) was used to separate
granulosa cells from red blood cells and lymphocytes by
density gradient centrifugation at 1,000 x g for 15 min. The
granulosa cells were harvested and cultured in RPMI-1640
medium (Gibco-BRL, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum and 1% (w/v) penicillin/
streptomycin in a 5% CO, humidified atmosphere at 37°C.
In the present study, the cells were termed POFC-112 and
POFC-38.

Normal human ovarian granulosa cells, COV434, were
purchased from the Peking Union Medical College Cell
Bank (Beijing, China). The cells were cultured in RPMI-1640
medium (Gibco-BRL) supplemented with 10% fetal bovine
serum and 1% (w/v) penicillin/streptomycin in a 5% CO,
humidified atmosphere at 37°C.

Cell treatment. To investigate the role of miR-146a in
POF, ectopic expression of miR-146a was achieved by
transfecting Lv-pre-miR-146a or Lv-anti-miR-146a using
Lipofectamine 2000 (Invitrogen Life Technologies, Carlsbad,
CA, USA). Pre-miR scrambled negative (pre-scramble) or
anti-miR scrambled negative (anti-scramble) was also trans-
fected into the cells and used as a negative control. To analyze
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the downstream molecule associated with miR-146a, COV434
cells were treated with the caspase-8 inhibitor Z-LEHD-FMK
(Sigma-Aldrich) and the caspase-9 inhibitor Z-IEHD-FMK
(Sigma-Aldrich) at a concentration of 100 mM (diluted with
dimethyl sulfoxide) for 72 h.

Reverse transcription quantitative polymerase chain reaction
(RT-gPCR) for miRNA. qPCR for miRNA was performed
using IQ SYBR Green Supermix (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Briefly, 3 pug of total RNA was
reverse transcribed using a specific looped RT primer for
each miRNA using a RevertAid First Strand cDNA synthesis
kit (Thermo Fisher Scientific, Waltham, MA, USA). The
following amplification was performed using IQ SYBR Green
Supermix in a CFX connect Real-Time PCR System (Bio-Rad
Laboratories, Inc.). B-actin was used as an internal control.
The primers used were as follows: Has-miR-146a, forward
TTATTAAGTATCCAGTGCAGGGTCCGAGG and reverse
TTGCGGGACATCTAATACTGCCTGGTAATG,; p-actin,
sense 5'-AGGGGCCGGACTCGTCATACT-3' and antisense
5-GGCGGCACCACCATGTACCCT-3" The cycle threshold
value was used to calculate the normalized expression of
miR-146a using Bio-Rad CFX Manager 3.1 software (Bio-Rad
Laboratories, Inc.).

qPCR for mRNA. TRIzol reagent (Invitrogen Life
Technologies) was used to extract total RNA according to
the manufacturer's instructions. Total RNA (0.3 ug) was
reverse transcribed using a RevertAid First Strand cDNA
synthesis kit (Thermo Fisher Scientific). The following PCR
amplification was performed in a Thermal Cycler Dice
Real-time system using SYBR Green qPCR mix (Bio-Rad
Laboratories, Inc.). For each sample, the relative mRNA level
was normalized to (3-actin. The following primer pairs were
used: IRAKI1, sense 5'-CCTCCACCTTCCTCTCCCCA-3'
and anti-sense 5'-CACCGTGTTCCTCATCACCG-3";
TRAF6, sense 5'-AGTGTCTGTGTCCGTCCTCTA-3' and
anti-sense 5'-CTTGCTCTGATTCTCTCCTTC-3'; -actin,
sense 5'-~AGGGGCCG GACTCGTCATACT-3' and antisense
5-GGCGGCACCACCATGTACCCT-3.

Dual luciferase reporter assay. A wild type 3'-UTR of
IRAKI1 (wt-IRAK1) and it's mutant type 3'-untranslated
region (UTR) of IRAKI1 (mut-IRAKI1), and a wild type
3'-UTR of TRAF6 (Wt-TRAF6) and it's mutant type 3'-UTR
of TRAF6 (mut-TRAF6) were constructed into the dual
luciferase reporter vector, respectively. For the luciferase
assay, 10° cells were seeded in 6-well plates for 12 h.
Subsequently, the cells were co-transfected with the indi-
cated dual luciferase reporter vector and miR-146a mimic
(pre-miR-146a) or miR-146a inhibitor (anti-miR-146a), or the
negative control (pre-scramble and anti-scramble), respec-
tively. Following 5 h incubation with transfection reagent,
the medium was refreshed with fresh completed medium.
Following transfection for 48 h, the luciferase activities in
each group were measured using a dual luciferase reporter
gene assay kit (Promega Corporation, Madison, WI, USA)
and detected using an LD400 luminometer (Promega
Corporation). Renilla luciferase activity was normalized to
firefly luciferase activity.
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Figure 1. miR-146a is upregulated in plasma and ovarian granulosa cells from patients with POF. (A) qPCR was used to determine the expression of miR-146a
in plasma samples. (B) qPCR was used to determine the expression of miR-146a in ovarian granulosa cells from patients with POF. The COV434 cell line

was used as a normal control. Data are presented as the mean + standard error of the mean.

quantitative polymerase chain reaction; miR-146a, microRNA-146a.

Western blot analysis. Total protein was extracted from the
indicated cells using RIPA lysis buffer (Auragene Bioscience
Inc., Changsha, China). A BCA Protein Assay kit (Thermo
Fisher Scientific) was used to determine the protein concen-
tration. Total proteins (60 xg) mixed in loading buffer were
denaturalized, separated by SDS-PAGE and transferred onto a
polyvinylidene fluoride membrane (Millipore, Billerica, MA,
USA). Following incubation with the appropriate primary
antibodies at 37°C for 3 h, the membrane was washed and
incubated with horseradish peroxidase-conjugated secondary
antibody. The signal was visualized by the Chemi-Lumi One
system (Nacalai Tesque, Kyoto, Japan). Data were analyzed
by densitometry using Image-Pro plus software 6.0 (Media
Cybernetics, Rockville, MD, USA) and normalized to [3-actin
expression. The following primary antibodies (1:1,000
dilution) were purchased from Abcam (Cambridge, MA,
USA): Rabbit polyclonal anti-IRAK1 (cat. no. ab190234),
rabbit polyclonal anti-TRAF6 (cat. no. ab181622), rabbit
polyclonal anti-NFkB-p65 (cat. no. ab16502), rabbit poly-
clonal anti-pNF«kB-p65 (cat. no. ab86299), rabbit polyclonal
anti-IKBa (cat. no. ab7217), mouse monoclonal anti-pIKBa
(cat. no. ab12135), rabbit polyclonal anti-cleaved caspase3
(cat. no. ab2302), rabbit monoclonal anti-cleaved PARP
(cat. no. ab32064), rabbbit polyclonal anti-caspase-9
(cat. no. ab69514) and rabbit polyclonal anti-caspase-8
(cat. no. ab25901). Mouse monoclonal anti-f3-actin (1:500
dilution; cat. no. YM3028) was purchased from Immunoway
(Newark, DE, USA) and horseradish peroxidase-conjugated
secondary anti-rabbit IgG (cat. no. 7074S) and anti-mouse IgG
(cat.no. 3420S) were obtained from Cell Signaling Technology,
Inc. (Danvers, MA, USA).

Apoptosis assay. Cells were transfected with 80 nM miR-146a
precursor (pre-miR-146a) or 80 nM miR-146a inhibitor
(anti-miR-146a), respectively, and 48 h after transfection the cells
were then subjected to an apoptosis assay. Apoptosis was detected
by annexin V/propidium iodide staining with the apoptosis detec-
tion kit (BD Biosciences, San Jose, CA, USA). Briefly, 10° treated
cells were incubated with annexin V/propidium iodide for 20 min
at 25°C. The cells were then analyzed by flow cytometry.

“P<0.001 vs. control. POF, premature ovarian failure; gPCR,

Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay. A TUNEL assay was also used to detect the
apoptosis of COV434 cells transfected with pre-miR-146a
or anti-miR-146a. Briefly, the cells were smeared on slides.
Following 30 min fixed with 4% paraformaldehyde at room
temperature, the slides were incubated with 0.1% Triton X-100
for 10 min, rinsed with phosphate-buffered saline (PBS), incu-
bated with 3% H,0, to block endogenous peroxidase activity,
and rinsed with PBS. Following that, an apoptosis detection kit
(BD Biosciences) was used for TUNEL staining in accordance
with the manufacturer's instructions. The TUNEL-stained
slides were observed under a fluorescence microscope [AE31;
Motic Xiamen (China), Fujian, China].

Statistical analysis. Statistical evaluation for data analysis was
determined by unpaired Student's t-test. Data are presented as
the mean + standard deviation of three independent experi-
ments. Data were analyzed using SPSS 17.0 statistical software
(SPSS Inc., Chicago, IL, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

miR-146a is frequently upregulated in plasma and human
granulosa cells from patients with POF. The present study
focused on the role of miR-146a in POF. The present study
initially detected the expression of miR-146a in peripheral
plasma from patients with POF. As shown in Fig. 1A, the
results of qPCR for miR-146a in plasma samples demonstrated
that compared with the normal control, the expression of
miR-146a was significantly upregulated in patients with POF.
Furthermore, the expression of miR-146a was also detected in
granulosa cells from patients with POF. In accordance with the
results from plasma, an increase in miR-146a expression was
observed in granulosa cells obtained from patients with POF
(Fig. 1B). This result indicated that there was a correlation
between miR-146a and POF.

miR-146a regulates cell apoptosis in COV434 cells. To
further determine the role of miR-146a in POF, gain- and
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Figure 2. miR-146a contributes to ovarian granulosa cell apoptosis. (A) Cell apoptosis of COV434 cells treated with pre-miR-146a or anti-miR-146a were deter-
mined by (a-e) flow cytometric analysis and quantified. (B) Cell apoptosis induced by miR-146a was measured by TUNEL staining. Data are presented as the
mean + standard error of the mean. “"P<0.01 vs. control. TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling; miR-146a, microRNA-146a.

loss-functional experiments were performed by transfecting
pre-miR-146a or anti-miR-146a into COV434 cells. The present
study examined the apoptosis of COV434 cells following
upregulating or downregulating miR-146a by flow cytometry.
As shown in Fig. 2A, upregulation of miR-146a promoted cell
apoptosis, whereas downregulation of miR-146a reduced cell
apoptosis. In addition, a TUNEL assay was used to confirm
the results of flow cytometry. Consistent with the results of
flow cytometry, it was found that overexpression of miR-146a
increased the number of TUNEL-positive cells compared with
the negative control, and reducing the expression of miR-146a
decreased the number of TUNEL-positive cells compared with
the negative control (Fig. 2B). Thus, the data confirmed that
miR-146a regulates cell apoptosis in COV434 cells in vitro.

miR-146a directly targets IRAKI and TRAF6. Since miR-146a
is upregulated in patients with POF, the target genes of
miR-146a were next examined, as miRNAs must produce
their effects through their target genes. Bioinformatics is a
useful tool for screening the targets of miRNAs. Using the
TargetScan and microRNA website (www.targetscan.org),

two putative targets, IRAK1 and TRAF6, of miR-146a were
selected. To confirm whether miR-146a directly targeted the
3'UTR of IRAKI1 and TRAF6, the 3'UTR of IRAKI and
TRAF6 was cloned downstream to a luciferase reporter gene
(wt-IRAK1 and wt-TRAF6). The wt-IRAK1 or wt-TRAF6
vector was co-transfected with the miR-146a mimics or inhib-
itor into COV434 cells, respectively. The luciferase activity of
miR-146a mimic-transfected cells was significantly decreased
compared with cells co-transfected with their mutant type
and scramble control cells (Fig. 3A and B). The present
study then assessed whether miR-146a directly regulates the
expression of IRAK1 and TRAF6. qPCR was used to detect
the expression of miR-146a following miR-146a mimic or
inhibitor treatment. The results demonstrated that miR-146a
mimics efficiently induced the expression of miR146a, and the
miR-146a inhibitor markedly downregulated the expression
of miR-146a (Fig. 3C). Furthermore, miR-146a mimics effi-
ciently reduced the mRNA expression of IRAK1 and TRAF6
whereas the miR-146a inhibitor markedly upregulated the
mRNA expression of IRAK1 and TRAF6 (Fig. 3D and E). In
addition, the protein expression of IRAK1 and TRAF6 was



MOLECULAR MEDICINE REPORTS 12: 5155-5162, 2015

A B wtiRAK1 O] mutIRAK1

Relative luciferase activity
|

s

& &
C D E
%2.5- g -~ %25‘
§2°f #x 820 g2
815 % 15 g
E 1.01 ; 1.04 g !
= .
%05‘ ke %0‘5' rk ?
200 B o0l B g0l
F T & AT £ PP P
P £ o
LS & & & & 4
F
'gns . B 15
-;; 1.0
g
goj‘ *k
2
go_o-

»?P

o

5159

B

25, I wWt-TRAF6 [ mut-TRAFE

Relative luciferase activity
£ & & &

%0

N

%

o
/“?)'

w

[

f;}’? o

Figure 3. miR-146a simultaneously targets IRAK1 and TRAF6. (A) A dual luciferase reporter gene assay was used to confirm the putative target, IRAKI,
of miR-146a. (B) A dual luciferase reporter gene assay was used to confirm the putative target, TRAF6, of miR-146a. (C) Expression of miR-146a was
detected by qPCR following transfection of pre-miR-146a or anti-miR-146a. (D) IRAK1 mRNA expression was detected by qPCR in COV434 cells treated
with pre-miR-146a or anti-miR-146a. (E) TRAF6 mRNA expression was detected by qPCR in COV434 cells treated with pre-miR-146a or anti-miR-146a.
(F) IRAK1 and TRAF6 protein expression was detected by western blot analysis and quantified in COV434 cells treated with pre-miR-146a or anti-miR-146a.

Hhk

Data are presented as the mean + standard error of the mean. "P<0.05, “P<0.01 and ““P<0.001 vs. control. miR-146a, microRNA146a; IRAK1, interleukin-1
receptor-associated kinase; TRAF6, tumor necrosis factor receptor-associated factor 6; qPCR, quantitative polymerase chain reaction.

further analyzed in cells transfected with the miR-146a mimics
or inhibitor. Similarly, the protein expression of IRAKI1 and
TRAF6 was decreased or induced by the miR-146a mimics
or inhibitor, respectively (Fig. 3F). These results suggested
that miR-146a regulated IRAK1 and TRAFG6 expression at the
transcriptional and translational levels.

miR-146a regulates the expression of pNFxB-p65, plkBa,
caspase-8, caspase-9, cleaved caspase-3 and cleaved PARP.
To examine the mechanism underlying the regulation of cell
apoptosis by miR-146a in COV434 cells, the downstream
target genes associated with apoptosis of COV434 cells
were detected. Considering the role of miR-146a in cell
apoptosis, the molecules involved in apoptosis were detected
in granulosa cells. The expression levels of pNFkB-p65,
plkBa, caspase-8, caspase-9, cleaved caspase-3 and cleaved
PARP were measured by western blotting in pre-miR-146a
or anti-miR-146a-transfected COV434 and negative control
cells. As shown in Fig. 4A, the expression of pNFkB-p65

and plkBa was reduced following pre-miR-146a transfec-
tion at the protein level, whereas it was markedly induced
by anti-miR-146a transfection compared with the negative
control. However, upregulation and downregulation of
miR-146a did not alter the expression of NFkB-p65 and IkBa.
Caspase signaling is important for apoptosis. Thus, the protein
levels of caspase-8, caspase-9, cleaved caspase-3 and cleaved
PARP were next detected by western blotting in pre-miR-146a
or anti-miR-146a-transfected COV434 and control cells.
Compared with the negative control, the protein level of
caspase-8, caspase-9, cleaved caspase-3 and cleaved PARP
was significantly increased in pre-miR-146a-transfected cells,
whereas it was markedly reduced in anti-miR-146a-transfected
cells (Fig. 4B). These results indicated that miR-146a contrib-
uted to granulosa cell apoptosis.

miR-146a regulates cell apoptosis via caspase signaling. To
further determine the signaling pathway of miR-146a contrib-
uting to cell apoptosis in granulosa cells, the caspase pathway
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was inhibited using a caspase-8 inhibitor (Z-LEHD-FMK) and  caspase-8 and caspase-9 by their specific inhibitor significantly
caspase-9 inhibitor (Z-IEHD-FMK) following pre-miR-146a  attenuated the effect of miR-146a on apoptosis. In addition,
or anti-miR-146a treatment. As shown in Fig. 5A, inhibition of =~ gene expression associated with apoptosis was detected,
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including cleaved caspase-3 and cleaved PARP by western
blot analysis. As shown in Fig. 5B, the protein expression of
cleaved caspase-3 and cleaved PARP was induced by upregu-
lating miR-146a and decreased by the caspase-8 inhibitor and
caspase-9 inhibitor. When co-treating the caspase inhibitor
with pre-miR-146a, it was found that the increase in cleaved
caspase-3 and cleaved PARP expression was decreased by
the caspase-8 inhibitor and caspase-9 inhibitor. Thus, these
results indicated that miR-146a contributed to granulosa cell
apoptosis via caspase signaling.

Discussion

Although the causes of POF remain to be elucidated, POF
is characterized by increased apoptosis of ovarian granu-
losa cells (14). Increasing evidence has demonstrated that
miRNAs are involved in multiple cell processes, including
survival, proliferation and apoptosis (15). Certain differ-
entially expressed miRNAs in the plasma of POF patients
have been identified, including downregulated miRNAs
(let-7c and miR-144) and upregulated miRNAs (miR-202
and miR-146a) (8). Numerous previous studies have demon-
strated that miR-146a is implicated in cell apoptosis. It was
reported that upregulation of miR-146a induced apoptosis
of human chondrocytes (16) and miRNA-146a regulated the
maturation and differentiation of vascular smooth muscle
cells (17). In addition, miR-146a induces apoptosis in several
types of cancer, including non-small cell lung cancer (18),
gastric cancer (19) and breast cancer (20). However, the role
of miR-146a in POF remains to be elucidated. In the present
study, in line with a previous study (8), it was confirmed that
miR-146a was significantly upregulated in the plasma of POF
patients compared with the normal control. Furthermore, in
isolated ovarian granulosa cells from patients with POF, the
expression of miR-146a was markedly increased. Thus, these
results indicated that miR-146a is important in the apoptosis of
ovarian granulosa cells in patients with POF.

By gain- and loss- of function analyses, it was found
that upregulation of miR-146a induced apoptosis of ovarian
granulosa cells, whereas downregulation of miR-146a reduced
apoptosis of ovarian granulosa cells. miR-146a functions as
an apoptosis regulator by targeting the 3'UTR of target genes.
Using bioinformatic tools, two putative targets of miR-146a
were found, including IRAK1 and TRAF6. In addition, by
using the dual luciferase reporter assay, it was confirmed that
miR-146a directly targeted the 3'UTR of IRAK1 and TRAF6
in ovarian granulosa cells. In addition, miR-146a regulated the
expression of IRAK1 and TRAF®6 at the transcriptional and
translational levels in ovarian granulosa cells. TLR signaling
within ovarian granulosa cells has broad implications for
ovarian physiology. Woods e al demonstrated that treatment
with lipopolysaccharide in vitro led to the differential regula-
tion of TLRs based on the stage of follicle maturation (21),
suggesting that follicle maturation was required for the TLR
signaling gene. IRAK-1 and TRAF-6 are two key elements
involved in the TLR signaling pathway. It was reported that
miR-146a modulated inflammatory responses by targeting
IRAKI1 and TRAF6 in macrophages (22). miR-146a has
been demonstrated as a regulator of the inflammatory
response (23,24). Thus, the present study provided evidence
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to demonstrate that miR-146a contributes to the apoptosis of
ovarian granulosa cells via TLR signaling.

IRAK-1 acts as the essential upstream adaptor that medi-
ates signaling to NF-«xB through the TR AF6 cascade (25). The
results from the present study demonstrated that upregulation
of miR-146a reduced activation of NF-«B and IxBa through
targeting IRAK1 and TRAF6. TLR signaling is closely
associated with the caspase cascade. It was reported that
activated TLR signaling in microglia was inhibited by the
pan caspase inhibitor zZVAD-fmk and the caspase-8 inhibitor
IETD-fmk (26). TLR3 stimulation induced activation of apop-
totic caspases -8, -9 and -3 (27). In addition, TLR4 induces
the assembly of caspase-8-based signaling complexes (28).
The present study demonstrated that ectopic expression
of miR-146a affects the caspase cascade, which alters the
expression of caspase-8, caspase-9, cleaved caspase-3 and
cleaved PARP. By inhibiting caspase-8 and caspase-9 using
their specific inhibitors, it was found that apoptosis induced
by miR-146a was attenuated by caspase inhibitors. In addi-
tion, when co-treated with the caspase inhibitor, the role of
miR-146a in promoting apoptosis was inhibited. Thus, it was
demonstrated that miR-146a mediated ovarian granulosa cell
apoptosis via caspase signaling.

In conclusion, upregulation of miR-146a in the plasma
and ovarian granulosa cells of patients with POF may act as
a biomarker for POF. Furthermore, miR-146a regulated TLR
signaling by simultaneously targeting IRAK1 and TRAF6,
which affected the activity of NF-kB and IxBa, and the
caspase cascade. Thus, miR-146a/IRAK1/TRAF6/caspase-8
signaling mediated apoptosis of ovarian granulosa cells in
POF, suggesting that inhibition of miR-146a may be beneficial
for the management of POF.
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