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Abstract
Polycystic ovary syndrome (PCOS) is an endocrine disorder prevailing among females at reproductive
age. Circular non-coding RNAs (circRNAs) are essential “player” in PCOS. This study aimed to investigate
the potentials of newly found circRNA, circ_ACTL6A in PCOS. Dehydroepiandrosterone (DHEA) was
utilized to establish PCOS model in vivo. qRT-PCR and western blot were applied to determine the gene
expression level. DNA methylation was determined by bisul�te sequencing assay. RNA pull-down,
Chromatin immunoprecipitation (ChIP) assay, and RNA immunoprecipitation (RIP) assay was applied to
verify gene interactions. CCK-8, colony formation and 5-Ethynyl-2'-deoxyuridine (EdU) assay were applied
to determine cellular function of human granulosa-like tumor cell line (KGN) cells. The results showed
that circ_ACTL6A was upregulated in PCOS, which was due to the upregulation of RNA splicing factor
eukaryotic translation initiation factor 4A3 (EIF4A3) and its cognate protein actin like 6A (ACTL6A).
Downregulation of circ_ACTL6A suppressed the cell viability, colony formation and proliferation of KGN
cells in vitro. Moreover, knockdown of circ_ACTL6A suppressed the progression of PCOS, manifested by
the improvement in insulin sensitivity, ovarian function and fertility. Furthermore, circ_ACTL6A recruited
tet methylcytosine dioxygenase 1 (TET1) to suppress DNA methylation of ACTL6A. Overexpression of
ACTL6A promoted the development of PCOS in vivo and in vitro. Taken together, circ_ACTL6A/ACTL6A
may form a positive feedback in the progression of PCOS. This may be a potential therapeutic target for
PCOS. 

Introduction
Polycystic ovary syndrome (PCOS) is the most common endocrinopathy and affecting 6–10% of females
of reproductive age [1]. The main syndromes of PCOS are hyperandrogenism, ovulatory dysfunction, and
polycystic ovaries [2]. Moreover, this metabolic disorders is associated with cardiovascular diseases, type
2 diabetes mellitus, and infertility. Nonetheless, the pathogenesis of PCOS is still unclear. Dewailly et al
evidence that PCOS is the results the alteration of folliculogenesis, which is characterized by follicle
maturation, proliferation, differentiation, and apoptosis [3]. Granulosa cells, surrounding follicles, provide
nutrients and growth factors for oocyte differentiation and proliferation [4]. However, dysfunction of
granulosa cells contributes to aberrant folliculogenesis [5]. However, the underlying molecular
mechanism is still unclear.

Circular RNAs (circRNAs) originated from precursor mRNA (pre-mRNA) via head-to-tail backsplicing, are
characterized by covalently closed loop and lacking 5’ cap and 3’ poly A tail [6]. This confer its stability in
various biological functions, such as post-transcription, RNA-related protein binding, gene splicing, and
modi�cation of parental gene expression [7, 8]. However, dysfunction of circRNAs is evidenced to be
associated with endocrinopathy, such as type 2 diabetes mellitus, cardiovascular diseases, obesity, and
PCOS [9–12]. For instance, knockdown of circRNA_DMNT3B contributes to diabetic nephropathy via
regulating miR-20b-5p/BAMBI [13]. Loss of circ_N�x enhances cardiac regenerative repair and restores
heart function via promoting the interaction between Y-box binding protein 1 and Nedd4l and sponging
miR-214 to regulate glycogen synthase kinase 3β [14]. Liu et al reveal that circRNAs, such as,
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circRNA_006555, circRNA_012588, and circRNA_005578, interacts with its parental genes to participates
in age-related macular degeneration in vivo [15]. Decreased exosomal circ_LDLR suppresses estradiol
production in PCOS via sponging miR-1294 [16]. circ_PUM1 suppresses the proliferation and promotes
the apoptosis of granulosa cell via sponging miR-760 [17]. circ_ACTL6A is located in Chromosome 3, the
fragment transfer of which genetically modi�ed the characterization of the 3p12.3-pcen region in ovarian
cancer [18]. However, the potential roles of circ_in PCOS have not been elucidated.

The chromatin is modulated by the following mayor epigenetic mechanisms: DNA methylation on the
cytosine residues of CpG dinucleotides; covalent modi�cations of histone tails; and ATP-dependent
chromatin remodeling [19]. However, loss of a ATP-dependent ACTL6A chromatin remodeling complexes,
BRG1/BRM-associated factors (BAF) may alter DNA methylation via recruiting DNA methylases or
regulating DNA-methylation related protein [20]. The complexes alter gene levels via opening chromatin
and exchanging nucleosomes. This is looming ahead of human endocrinopathy following the evidence
which indicates BAF subunit mutations in the tumorigenesis of prostate cancer, lipogenesis, Co�n-Siris
syndrome, and hyperandrogenism [21–24]. These evidence reveals that aberrant level of BAF complexes
makes rate-limiting contributions to the establishment of the diversity, stability and plasticity found in
endocrine system. However, the potential role of BAF in PCOS unclear.

Materials And Methods

Study approval
This study was approved by the Ethics Committee of Cao County Peoples Hospital. The relevant animal
experiments was performed in accordance with the principles of Animal Care Board of Cao County
Peoples Hospital.

Clinical specimens
Clinical specimens were collected from volunteers (26–33 years old) at Cao County Peoples Hospital
from April 1st, 2018 to Jun 1st, 2020. All the participants had not receive any hormonotherapy at least 3
months prior to this study. PCOS patients were diagnosed in reference to the revised Rotterdam criteria.
Healthy control were the volunteers with Non-PCOS women with regular menstrual cycles and normal
ovarian morphology were identi�ed as the control group.

Cell culture
Cells was established using cells from a PCOS patient as previously described [25]. KGN cells were
incubated in DMEM medium supplemented with 12% FBS at 37 ℃ in 5% CO2.

Transfection
Short hairpin circ_ACTL6A (shcirc_ACTL6A), circ_ACTL6A overexpression plasmids (circ_ACTL6A OE)
pcDNA3.1-ACTL6A, and the negative control (NC) were obtained from GenePharma, Shanghai. Cells were
transfected with shcirc_ACTL6A or sh-NC, pcDNA3.1-ACTL6A and pcDNA3.1 using Liposome 2000
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according to the manufacturer’s instructions for 48 h. After transfection, cells were used in the following
experiment.

Adenoviral and lentiviral vector construction
Adenoviruses expressing shcirc_ACTL6A, lentiviruses expressing ACTL6A, and its negative control were
purchased from GenePharma, Shanghai.

CCK-8 assay
Cell viability was detected with a CCK-8 kit (GlpBio, USA). Brie�y, the transfected cells were lysed and
washed with PBS thrice. Then cells were plated into a 96-well plate (2×103 cells/plate) and cultured for 96
h. At 24, 48, 72 and 96 h, the cells were incubated with 10 µl of CCK-8 solutions for 2h. Subsequently, cell
viability was determined using a microplate reader (Molecular Devices, USA).

Colony formation assay
After 48 h transfection, cells were seeded in a 96-well plate (2×103 cells/well) and incubated at 37 ℃ in
5% CO2 for 14 days. Then cells were �xed with 4% ethanol and stained with 1% crystal violet. The stained
cells were visualized with inverted light microscope (Olympus, Japan) and counted.

EdU assay
Cells were seeded into a 96-well plate (3×103 cells/well). Cells were added with 50 µM of EdU solutions.
Then cells were washed with PBS for three times and premeated with 0.5% Triton X-100. Afterwards, cells
added with 100 ml of Hoechst 33342 and incubated at room temperature for 30 min. The results were
captured by �uorescent microscope (Nikon, Japan).

RNA pull-down assay
Biotin-labeled RNAs were transcribed in vitro with Biotin RNA Labeling Mix and T7 RNA polymerase
(Roche, Switzerland). 5 µg RNA mixed with cell extract and incubated for for 1 h at 4°C. After washed with
PBS thrice, RNA-protein binding mixture was boiled. The samples were determined using western blot or
mass spectrometry.

RNA immunoprecipitation (RIP)
KGN cells were lysed by RIP lysis and incubated with RIPA buffer containing magnetic beads and anti-
Ago2. IgG served as loading control. RNA was puri�ed using proteinase K. RNA quality and quantity was
detected. Finally, RNA puri�cation was performed using qRT-PCR.

Chromatin immunoprecipitation (ChIP) assay
ChIP assay was performed using a EZ-ChIP kit (Millipore, USA). After 48-hour transfection, cells were �xed
with 1% formaldehyde and sonicated on ice. Then cells were incubated with anti-TET1 antibody and
normal rabbit IgG. Precipitated DNA was analyzed by qRT-PCR.

DNA methylation
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Total DNA were extracted from KGN cells using a Genomic DNA Puri�cation Kit (GeneJET, USA). After
treated with bisul�te, DNA was ampli�ed using PCR. PCR products were gel puri�ed and directly ligated.
The status of DNA methylation was detected using restriction enzyme digestion as previously described
[26]

qRT-PCR
Total RNA was collected from cells using TRIzol reagent (Invitrogen). RNA was reversely transcribed into
cDNA by a PrimeScript RT Reagent kit (Takara, Japan). PCR was conducted using SYBR Green PCR kits
(Takara, Japan) on a 7000 Sequence Detection System (Applied Biosystems, USA). The thermocycling
conditions were as followed: initial activation at 50°C for 2 min, and denaturation at 95°C for 10 min,
followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min.. Finally, the expression levels were
calculated with 2−ΔΔCt method. GAPDH served as loading control. The sequences of the primers used
were as followed: circ_ACTL6A, F: 5’-ATCCCCTCTTGCTGGAGACT-3’ and R: 5’-
TGTGCCAAGACCTCGTAACC-3’; 5’-CCAGGTCTCTATGGCAGTGTAA-3’ and reverse, 5’-
CGTAAGGTGACAAAAGGAAGGTA-3’; EIF4A3, 5’-AAGGGAGAGATGTCATCGCAC-3’ and R: 5’-
GCTTGAGTTTCACGAACCTGA-3’ GAPDH, F: 5’-GGAGCGAGATCCCTCCAAAAT-3’ and R: 5’-
GGCTGTTGTCATACTTCTCATGG-3’.

Western blot
Total protein was isolated from cells. The protein concentration was determined by a BCA kit (Abcam,
USA). Equal amount of protein (30 µg) was separated by 12% SDS-PAGE. The protein was transferred
onto PVDF membranes. The membranes were incubated with primary antibodies including anti-ACTL6A
(ab189315, 1: 1000, Abcam, Shanghai), anti-EIF4A3 (ab180573, 1: 1000, Shanghai, USA), anti-TET1
(ab272900, 1: 1000, Abcam, Shanghai), GAPDH (ab9485, 1: 1000, Abcam, Shanghai) at room
temperature for 2 h. Afterwards, the membranes were incubated with secondary antibodies (ab6721, 1:
5000, Abcam, USA). Subsequently, the bands were visualized using a ECL kit (Beyotime, Shanghai) and
analyzed on ImageJ software (NIH).

Animal models
60 female C57BL/6 mice (21 days old, 18 ~ 22g) were purchased Animal Center of Nanjing Medical
University (Nanjing, China). Mice were randomly divided 4 groups, and kept in a controlled condition (20 ± 
2°C) with a 12 h light/12 h dark cycle, free access to food and water. The mice in control group were
injected daily with sesame oil (0.1 mL). The PCOS model was established by injecting
dehydroepiandrosterone (DHEA, 6mg/100g body weight) dissolved in sesame oil daily for 3 weeks. The
PCOS mice were randomly divided into ad-shcirc_ACTL6A, adsh-NC, LV-ACTL6A, and LV-NC group. After 3
weeks, glucose tolerance test (GTT) and insulin tolerance test (ITT) were applied to detect fasting blood
glucose and fasting insulin were detected and calculated according to homeostasis model assessment
of insulin resistance (HOMA-IR) method. Two weeks later, the mice were sacri�ced.
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GTT and ITT.
Mice were fasted for GTT and ITT experiments. The glucose level was detected by a blood glucose Accu-
Chek Performa (Roche Diagnostics). Then mice were injected with d-glucose or insulin. Subsequently, the
levels of glucose and insulin were 15, 30, 60, 90 and 120 min.

Histological analysis
Ovarian and uterine tissues were �xed in 4% paraformaldehyde, embedded in para�n, and sliced into 5
µm section. Afterwards, the section was stained with haematoxylin-eosin (HE) and visualized by ight
microscope (Leica Microsystems, Germany).

Statistical analysis
The data were analyzed using SPSS 19.0 and represented as mean ± SD. The difference in groups were
analyzed by one-way ANOVA assay followed by Newman-Keuls test. P < 0.05 was deemed signi�cantly
different.

Results

Clinical features
Compared with healthy control, the levels of body mass index (BMI), luteinizing hormone (LH), basal
testosterone (T), anti-Müllerian hormone (AMH), fasting insulin, and HOMA-IR were signi�cantly increased
in PCOS patients, while basal follicle-stimulating hormone (FSH) was signi�cantly decreased. However,
there was no signi�cant difference in age.

circ_ACTL6A is overexpressed in PCOS
To explored the potential roles of circRNAs in PCOS. We investigated the expression of circRNA in PCOS
patients (GSE145296). As showed in Fig. 1A and B, the expression of circ_0122825 (circ_ACTL6A) was
overexpressed in PCOS patients. To further verify the roles of circRNA in PCOS. We also determined the
levels of circ_ACTL6A in PCOS patients and KGN cells. The results showed that circ_ACTL6A was
overexpressed in PCOS patients ad KGN cells (Fig. 1C and D). Divergent primers spanning the
backsplicing sites were utilized to determine the level of circ_ACTL6A (Fig. 1E). The results from
circPrimer (v.1.2.0.5) showed that circ_ACTL6A is produced by the back splicing of pre-ACTL6A mRNA
exons 4 ~ 8 (Fig. 1F). Divergent and convergent primers was designed to amplify circ_ACTL6A and linear
ACTL6A, respectively. Then we found that circ_ACTL6A was only ampli�ed in cDNA (Fig. 1G). Moreover,
circ_ACTL6A due to its circular properties, was more stable than mACTL6A after in cells exposed to
actinomycin D (Fig. 1H). Additionally, circ_ACTL6A was strictly resistant to RNase R digestion (Fig. 1I).
Collectively, theses results veri�ed the circularity of circ_ACTL6A.

Knockdown of circ_ACTL6A suppressed the proliferation,
migration, and invasion of KGN cells
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We analyzed circRNA-miRNA interaction in relation to regulatory RNA motifs and elements via the online
database Circinteractome (https://circinteractome.nia.nih.gov/circular_rna.html) and and GO analysis
(mirPath v.3; http://snf-515788.vm.okeanos.grnet.gr) (Supplementaty materials). The results showed that
circ_ACTL6A regulated cell behaviors, DNA modi�cation, and insulin secretion (Fig. 2A). To further
investigated the roles of circ_ACTL6A in PCOS, we downregulated it though silencing its expression in
KGN cells using short hairpin RNA. The results showed that the expression of circ_ACTL6A was
signi�cantly decreased in cells transfected with sh-circ_ACTL6A, especially in sh-circ_ACTL6A 2# group
(Fig. 2B). Downregulated circ_ACTL6A signi�cantly suppressed cell viability of KGN cells (Fig. 2C).
Moreover, knockdown of circ_ACTL6A remarkably decreased the colony number of KGN cells (Fig. 2D and
E). The proliferation of KGN cells was signi�cantly inhibited by sh-circ_ACTL6A (Fig. 2F and G).

Knockdown of circ_ACTL6A improved insulin resistance,
ovarian dysfunction and infertility in mice with PCOS
To further identify the potential roles of circ_ACTL6A in PCOS, we further investigated the possible effects
of circ_ACTL6A knockdown on the progression of PCOS in vivo via injecting mice with ad-shcirc_ACTL6A.
The results from glucose tolerance tests (GTTs), insulin tolerance tests (ITTs) showed that knockdown of
circ_ACTL6A signi�cantly decreased insulin resistance in comparison with DHEA group (Fig. 3A and B).
Furthermore, knockdown of circ_ACTL6A alleviated disrupted estrous cycle (Fig. 3C and D). The
histological assay showed that ovaries were composed of follicles at different stages and dictated
regular numbers of corpora lutea. However, DHEA injection contributed to the increase of cyst-like follicles
and decrease of corpora lutea, which was reversed by circ_ACTL6A knockdown (Fig. 3E). Additionally,
downregulation of circ_ACTL6A improved morphological changes of mice ovary (Fig. 3F-I). Furthermore,
we investigated the potential effects of circ_ACTL6A knockdown on mice fertility after mating. As showed
in Fig. 3J, the decrease of pups induced by DHEA was reversed by circ_ACTL6A knockdown. These data
suggested that knockdown of circ_ACTL6A alleviated insulin resistance and infertility in mice with PCOS.

EIF4A3 induces the upregulation of circ_ACTL6A
The RNA splicing factor is the crucial factor for the expression of circRNAs. RAP assay was applied to
determine the protein binding to pre-ACTL6A. We �rst determined the mRNA leve of ACTL6A in KGN cells.
As showed in Fig. 4A, the expression of ACTL6A was signi�cantly increased in KGN cells. The RNA The
results of RNA pull-down assay and mass spectrometry analysis showed that the splicing factor EIF4A3
(37 kd) interacted with pre-ACTL6A (Fig. 4B). The expression of EIF4A3 was overexpressed in KGN
(Fig. 4C-E). RIP assay showed that interacted with circ_ACTL6A (Fig. 4F). The expression of EIF4A3 was
signi�cantly decreased in cells transfected with shEIF4A3, which was more potent in shEIF4A3 1# group
(Fig. 4G) Knockdown of EIF4A3 supressed the expression of circ_ACTL6A (Fig. 4H).

circ_ACTL6A upregulates ACTL6A
As circ_ACTL6A binds to the ACTL6A promoter, we hypothesized that circ_ACTL6A may interact with
ACTL6A to promote the progression of PCOS. As showed in Fig. 5A-C, knockdown of circ_ACTL6A
signi�cantly suppressed the expression of ACTL6A both in mRNA and protein level.
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circ_ACTL6A induces CpG DNA demethylation in the
ACTL6A promoter
We explored the possible epigenetic mechanisms that circ_ACTL6A increased the expression of ACTL6A.
The binding sequences of circ_ACTL6A to ACTL6A was predicted by Softberry
(http://www.softberry.com/berry.phtml?topic=cpg�nder&group=programs&subgroup=promoter). The
conditions were: Min length of island to �nd, 200; Min percent G and C, 50; Min gc_ratio = 
P(CpG)/(expected)P(CpG), 0.600. Then we found that there was only one CpG islands in the proximal
promoter of ACTL6A. This study focused on the methylation status of the CpG islands in the proximal
promoter of ACTL6A (Fig. 6A). The sodium bisul�te sequencing results showed that circ_ACTL6A induced
extensive DNA demethylation in comparison with vector group (Fig. 6B). These results suggested that
extensive DNA demethylation in the promoter of promoter of circ_ACTL6A was associated with the
upregulation of circ_ACTL6A positive cells.

circ_ACTL6A recruits TET1
TET1 is a key regulator of female germ cell development and zygote genome reprogramming via
modulating DNA demethylation. To verify whether the binding of circ_ACTL6A to ACTL6A could promote
KGN cell proliferation and zygote genome reprogramming via regulating TET1, RIP assay was performed
to validate the interaction between circ_ACTL6A and TET1 (Fig. 7A-D).

Overexpressed ACTL6A reverses the effects of
circ_ACTL6A knockdown on the proliferation of KGN in vitro
Rescue assays were applied to verify the interaction between circ_ACTL6A and ACTL6A in PCOS. As
showed in Fig. 8A, the expression of ACTL6A was signi�cantly increased in ACTL6A OE group,
suggesting that cells were successfully transfected. Overexpressed ACTL6A abated the effects of
circ_ACTL6A knockdown and increased the cell viability, colony formation, and proliferation of KGN cells
(Fig. 8B-F).

Discussion
Augmenting evidence have certi�cated the potentials of circRNAs and the underlying molecular
mechanisms [6–8]. circRNAs collectively participate in the initiation and development of endocrine
dyscrasia in females. For instance, dysregulated circRNAs are associated with the progression of
gestational diabetes mellitus, cardiovascular diseases, obesity, and PCOS [9–12]. Overexpressed
circRNA_0054633 contributes to gestational diabetes mellitus and the increase of glycosylation index
[27]. Knockdown of hsa_circ_0118530 suppresses oxidative stress, in�ammation, and human granulosa-
like tumor cell injury [28]. Upregulation of circ_ASPH, circ_LDLR, and circPUM1 promote the proliferation,
migration and invasion of KGN cells, which is a crucial factor for PCOS [16, 17, 29]. circRNAs function as
competitive RNAs during the initiation and progression of PCOS. However, the knowledge of circRNA in
PCOS is limited.
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In the present study, circ_ACTL6A was overexpressed in PCOS in vivo and in vitro. The results of clinical
data dictated that upregulation of circ_ACTL6A was closely associated with the progression of PCOS. To
verify the roles of circ_ACTL6A in PCOS, GO and KEGG analysis indicated that circ_ACTL6A regulated
insulin secretion. cellular functions, such as cell motility and proliferation. In vivo assay showed that
knockdown of circ_ACTL6A decreased cystic follicle and suppressed insulin resistance, which is a crucial
factor for PCOS. Moreover, knockdown of circ_ACTL6A improved ovarian dysfunction and infertility. The
progression of PCOS is characterized by proliferative ability of KGN cells. In this study, knockdown of
circ_ACTL6A suppressed the proliferation of KGN cells. However, the various functions of circRNAs are
largely associated with its speci�c structure. More studies are still needed to explore the speci�c structure
and potential functions in PCOS.

Most circRNAs are formed by back-splicing of precursor mRNAs [6–8]. However, the expression of
circRNA should carefully be differentiated from the effects of the changes of its cognate protein in that
most circRNAs are alternative splicing products from protein-coding genes [30]. ACTL6A, a subunit gene
of BAF complex, encodes a family member of actin-related proteins (ARPs), which are crucial regulator of
vesicular transport, nuclear migration and chromatin remodeling. ACTL6A functions as activator of
epithelial-mesenchymal transition (EMT) to induce exacerbate hepatocellular carcinoma (HCC) and a
chromatin-remodeling factors to modulate biological processes including cell proliferation and
differentiation via repressing SWI/SNF-dependent induction of KLF4 [31, 32]. Moreover, overexpression of
ACTL6A enhances follicle-stimulating hormone induced glycolysis in ovary cancer via activating PGK1,
which is the hallmark of cancer [33]. These suggest that ACTL6A may regulates the levels of genes
involved in the EMT, proliferation, differentiation, and DNA modi�cation. Thence, we hypothesized
ACTL6A may participate in the progression of PCOS via regulating its cognate protein ACTL6A.
circ_ACTL6A, a transcriptional byproduct of ACTL6A, modulated the motility of KGN cells at transcription
level. Moreover, splicing factors (SFs) are deeply involve in regulating the trasncription of precursor mRNA
and synthesis of circRNAs [34, 35]. We, thereafter, investigated the potential roles of SFs in the
upregulation of PCOS. We found that a SF EIF4A3 induced the upregulation of circ_ACTL6A and ACTL6A.
These results suggested that precursor mRNA splicing factors participated in the upregulation of
circ_ACTL6A in PCOS.

Bioinformatics analysis showed that circ_ACTL6A could function as ceRNA to modulate genes related to
chromatin morti�cation and DNA-templated processes. circ_ACTL6A bound to its cognate protein in cis
and induced the demethylation. Previous studies evidence that circRNAs modulate DNA methylation via
recruiting DNA methylases or regulating DNA-methylation related protein [36]. TET1, as a member of Ten-
eleven translocation enzymes, oxidize 5mC into 5-hydroxymethylcytosine (5hmC), which activates
demethylation and modulates gene expression [37]. In this study, circ_ACTL6A recruited TET1 to form a
positive feedback loop to induce DNA hypomethylation, which promoted the transcription of ACTL6A.

Furthermore, some circRNAs are associated with the translation of ribosomes [38]. The accumulation of
circ_ERBB2 in nucleoli modulates ribosomal DNA transcription and suppresses cellular proliferation [39].
Generally, these ribo-circRNAs utilizes the start codon of its hosting mRNA. Sequences analysis showed
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that circ_ACTL6A contained the start codon ATG of ACTL6A. Positively translated circ_ACTL6A induced
abridged ACTL6A. On the other hand, ACTL6A may further modulate ribosome synthesis. The roles of
circRNAs in ribosomal DNA transcription in PCOS are needed for further study.

Conclusion
In conclusion, circ_ACTL6A was a alternative product of ACTL6A. The circRNA was overexpressed in
PCOS. circ_ACTL6A bound to the promoter of ACTL6A to upregulate its cognate protein. Moreover,
circ_ACTL6A recruited TET1 to induce DNA hypomethylation of ACTL6A. This formed a positive feedback
in PCOS. Thence, the ACTL6A circRNA can be a promising biomarker for PCOS.
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PCOS polycystic ovary syndrome

circRNA circular non-coding RNA

ChIP chromatin immunoprecipitation

RIP RNA immunoprecipitation

EdU 5-Ethynyl-2'-deoxyuridine
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ACTL6A actin like 6A

EIF4A3 eukaryotic translation initiation factor 4A3

TET1 tet methylcytosine dioxygenase 1

BAF BRG1/BRM-associated factors

GTT glucose tolerance test

ITT insulin tolerance test

HOMA-IR homeostasis model assessment of insulin resistance

HE haematoxylin‐eosin

BMI body mass index

LH luteinizing hormone

T testosterone 
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AMH anti-Müllerian hormone

FSH follicle-stimulating hormone

ARPs actin-related proteins

EMT epithelial-mesenchymal transition
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Table 

Parameters Control PCOS P values

Age (years) 29 ± 2.67 29 ± 3.85 0.4703

BMI (kg/m2) 21.19 ± 2.21 26.73 ± 3.54 < 0.01*

Basal FSH(IU/L) 6.73 ± 1.47 5.27 ± 1.06 < 0.01

Basal LH(IU/L) 5.36 ± 1.12 9.13 ± 3.48 < 0.01

Basal T(ng/dL) 23.42 ± 13.27 38.61 ± 18.52 < 0.01

AMH (ng/ml) 6.24 ± 2.1 8.53 ± 3.5 < 0.01

Fasting glucose (mmol/L) 4.58 ± 0.63 5.64 ± 0.87 < 0.01

Fasting insulin (mIU/L) 8.95 ± 3.69 23.78 ± 13.45 < 0.01

HOMA-IR 1.56 ± 0.32 4.58 ± 3.12 < 0.01

Figures

Figure 1
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circ_ACTL6A is overexpressed in PCOS A: Hierarchical clustering analysis of circRNAs PCOS patients and
healthy control. B: Volcano plot analysis of circRNAs PCOS patients and healthy control. C: The level of
circ_ACTL6A in PCOS patients. D: The level of circ_ACTL6A in vivo. E: Pre-ACTL6A is the parental gene of
circ_ACTL6A, and ACTL6A mRNA is the mature linear RNA. F: The structure of circ_ACTL6A analyzed by
software circPrimer (v.1.2.0.5). G: Divergent and convergent primers was designed to amplify
circ_ACTL6A and linear ACTL6A, respectively. H: PCR veri�cation of circ_ACTL6A. I: qRT-PCR analysis
circ_ACTL6A RNA stability. **P<0.01.
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Figure 2

Knockdown of circ_ACTL6A suppressed the proliferation, migration, and invasion of KGN cells A:
Transfection e�ciency of circ_ACTL6A detected by qRT-PCR. B: Cell viability determined by CCK-8. C: The
colony formation measured by colony formation assay. D: Quanti�cation of C. E: The proliferation of
KGN cells determined by EdU assay. F: Quanti�cation of E. **P<0.01, ##P<0.01.

Figure 3

Knockdown of circ_ACTL6A antagonizes insulin resistance, ovarian dysfunction and infertility in mice
with PCOS A: Insulin tolerance detected by glucose tolerance tests. B: Insulin tolerance determined by
insulin tolerance tests. C: Representative estrous cycles of control group. D: Representative estrous cycles
of mice PCOS. E: Histological analysis of ovaries. F: The number of cystic follicles. G: Quanti�cation of
corpora lutea. H: Testosterone levels determined by with liquid chromatography-mass spectrometry. I:
Luteinizing hormone measured by an autoanalyzer. J: The fertility assay. **P<0.01, ##P<0.01.
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Figure 4

EIF4A3 induces the upregulation of circ_ACTL6A A: The mRNA level of ACTL6A determined by qRT-PCR.
B: The protein interacting with pre-ACTL6A detected using RNA pull-down assay. C: The mRNA level of
EIF4A3. D: The protein level of EIF4A3 determined by western blot. E: Quanti�cation of D. F: The
interaction between EIF4A3 and circ_ACTL6A determined using RIP assay. G: The mRNA level of EIF4A3
determined by qRT-PCR. H: The expression level of circ_ACTL6A and ACTL6A determined by qRT-PCR.
**P<0.01.
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Figure 5

circ_ACTL6A upregulates ACTL6A in vivo and in vitro A: The mRNA level of ACTL6A in patients with
PCOS determined using qRT-PCR. B: The mRNA level of ACTL6A in KGN cells determined using qRT-PCR.
C: The protein level of ACTL6A in KGN cells determined using western blot. D: Quanti�cation of C. E: The
interaction between circ_ACTL6A and ACTL6A determined by RIP. F: The mRNA level of ACTL6A in vivo.
G: The protein level of ACTL6A in vivo. H: Quanti�cation of G. **P<0.01, ##P<0.01.
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Figure 6

circ_ACTL6A induces CpG DNA demethylation in the ACTL6A promoter A: CpG islands in the promoter of
ACTL6A. B: DNA demethylation analyzed by sodium bisul�te sequencing.

Figure 7
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circ_ACTL6A recruits TET1 A: The expression of TET1 in KGN cells determined by qRT-PCR. B: The
interaction between TET1 and circ_ACTL6A veri�ed by RIP assay. **P<0.01, ##P<0.01.

Figure 8

Overexpressed ACTL6A reverses the effects of circ_ACTL6A knockdown on the proliferation of KGN in
vitro A: The mRNA level of ACTL6A detected by qRT-PCR. B: Cell viability detected by CCK-8 assay. C:
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Colony formation detected by colony formation assay. D: Quanti�cation of C. E: The proliferation
detected by EdU assay. F: Quanti�cation of E. **P<0.01, ##P<0.01, &&P<0.01.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supplementarymaterials.csv

https://assets.researchsquare.com/files/rs-231266/v1/a668d0dcd1081c70f39a048a.csv

