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Abstract: Objective: To investigate the potential miRNA-mRNA network co-expressed in polycystic ovary syndrome 
(PCOS) and diabetes, and explore the molecular mechanism of traditional acupuncture treatment of PCOS. Meth-
ods: Patients with PCOS and diabetes who had undergone acupuncture treatment from January 2019 to June 2020 
were recruited in this study. The potential miRNA-mRNA network co-expressed in PCOS and diabetes was obtained 
through bioinformatics analysis. The expression levels of candidate gen es were determined using quantitative qRT-
PCR to study the effectiveness of acupuncture approach. Further, the mechanism of action of acupuncture method 
was determined using luciferase assay. Results: A total of 44 patients were included in this study. The miRNA-
mRNA network for PCOS was then constructed based on the results of the bioinformatics analysis. Acupuncture 
treatment could significantly down-regulate miR-32-3p levels and up-regulate expression of PLA2G4A. Luciferase 
experiments showed that miR-32-3p could affect glucose metabolism in PCOS patients through down-regulating 
PLA2G4A expression. Functional and pathway enrichment analysis further suported this finding. Conclusions: MiR-
32-3p regulates PLA2G4A protein expression, which is vital in the pathogenesis of PCOS and diabetes. Further, this 
research proved that the potential mechanism of traditional acupuncture treatment may be the downregulation of 
miR-32-3p, thus inhibiting PCOS and diabetes progression.

Keywords: Acupuncture therapy, polycystic ovary syndrome, diabetes mellitus, group IV phospholipases A2 
(PLA2G4A), microRNAs

Introduction

Polycystic ovary syndrome (PCOS) is a world-
wide hormonal and metabolic disorder of 
women [1, 2]. Hyperandrogenemia, irregular or 
non-ovulation, and polycystic ovaries are the 
clinical manifestations of PCOS. A previous 
study reports that genetic and environmental 
factors play pivotal roles in onset and progres-
sion of PCOS [3]. The etiology of PCOS and 
mechanism of progression are not fully under-
stood yet [4]. Therefore, there is a need to 
explore effective diagnostic and therapeutic 
approaches for PCOS.

PCOS is associated with metabolic-related 
complications, such as gestational diabetes, 
oxidative stress, IR (insulin resistance), and 
T2DM (type 2 diabetes) [5, 6]. Although the 

relationship between insulin resistance and 
PCOS has been reported in previous studies, 
details on how the two conditions co-exist have 
not been fully explored. Excess POCS-mediated 
androgen inhibits insulin activity. Notably, insu-
lin resistance and hyperinsulinemia can in turn 
aggravate the deterioration of PCOS endocrine 
as well as reproductive functions. The interplay 
between high androgen levels and insulin resis-
tance makes PCOS and diabetes presenting a 
vicious circle process. Therefore, treatment of 
PCOS with diabetes is challenging.

In recent years, several studies have explored 
the link between regulatory miRNAs and vari-
ous diseases [7]. MicroRNA is a single-strand-
ed, non-coding and endogenous RNA molecule 
that inhibits mRNA translation by binding to tar-
get mRNA, thereby stopping translation of post-
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transcriptional proteins [8, 9]. MicroRNAs main-
ly exist in tissue microenvironment where they 
regulate various key biological functions [10-
13]. Studies have reported that miRNAs are 
potential biomarkers of diabetes [14, 15]. 
Further, studies report that miRNAs in the circu-
latory system are implicated in the pathogene-
sis of PCOS [16]. Therefore, miRNA is a poten-
tial therapeutic target and a diagnostic bio-
marker for PCOS [17]. Regulation of miRNA 
expression is thought to serve a key part in 
disrupting the vicious circle of PCOS and diabe-
tes, however, this postulation should be ex- 
plored further. Acupuncture is a common thera-
peutic approach in East Asian medicine with a 
filament needle penetrating specific points on 
the skin called acupuncture points. Previous 
studies have proved that acupuncture regu-
lates endocrine system, and it has been used 
in the treatment of female infertility and diabe-
tes-related diseases worldwide [18, 19]. In- 
terestingly, animal experiments verified that 
miRNAs play an essential part in acupuncture 
treatment approach [20]. Therefore, acupunc-
ture may block the vicious circle of diabetes 
and PCOS by regulating miRNA.

The aim for this work was to retrieve potential 
miRNA-mRNA network co-expressed in PCOS 
and diabetes utilizing microarray data in the 
Gene Expression Omnibus (GEO) database. 
Further, we purposed to elucidate the biological 
mechanism of acupuncture treatment in inhib-
iting the vicious cycle of PCOS/diabetes. In 
addition, we used pathogenesis and potential 
molecular targets of PCOS to understand the 
molecular mechanism of traditional acupunc-
ture treatment of PCOS.

Materials and methods

Subjects

A total of 44 women with PCOS and diabetes 
who had been treated in our hospital from 
January 2019 to June 2020 were recruited in 
this study. These women were allocated ran-
domly to the acupuncture group (n=23) and the 
normal control group (n=21). According to the 
ovulation conditions, these women also were 
divided into the ovulation group (n=34) and the 
no ovulation control group (n=10).

Inclusion criteria: (1) Aged over 18. (2) Patients 
with PCOS and diabetes were diagnosed for the 

first time by clinical manifestations and imag- 
ing examination. (3) Patients with conscious-
ness and could actively cooperate. Exclusion 
criteria: (1) Patients with other gynecological 
diseases. (2) Patients with mental disorders 
and severe cerebrovascular disease. (3) Pati- 
ents with severe cardiopulmonary, hepatorenal 
dysfunction and renal insufficiency. The acu-
points were informed by traditional Chinese 
medicine theory and classic acupoint consen-
sus and references [21]. All clinical samples 
were endometrial tissues collected from pa- 
tients. Informed consent was obtained from 
participants before sample collection. The Eth- 
ics Committee of the Women and Children’s 
Hospital of Guangdong Medical University (No. 
2020004) approved the study.

We carried out acupuncture treatment twice a 
week for 3 months on all the participants in the 
acupuncture group. Acupuncture procedure 
was carried out as follows: the participant lay in 
a supine position and a 25 to 40 mm long nee-
dle was inserted at different acupoints. The 
needle was maintained for 30 s upon arrival of 
qi, followed by twirling at 90°. Further, it was 
lifted and thrust 60-100 times/min with a range 
of 2 mm. The needle was maintained at each 
acupoint for 30 minutes. The stimulation inten-
sity was adjusted depending on the patient’s 
condition. For Zusanli (ST36) and Guanyuan 
(CV4), 2 cm of the needle was inserted and 
retained for 10 min. Acupuncture was suspend-
ed when the patient reported discomfort.

Microarray analysis of differentially expressed 
genes and miRNA target genes prediction

Gene expression profiles were retrieved from 
GEO database, followed by normalization by  
the “normalize between array” function from 
“LIMMA” package [22]. Further, DEMs and 
DE-miRNAs of normal and diseased samples 
from GSE34526, GSE70318 and GSE25462 
datasets were identified. miRNA target genes 
were predicted using the miRWalk3.0 web 
resource, RNAhybrid, TargetScan and miRTar-
Base (Version 7.0) [23].

Western blot experiments

Cell lysing was performed with the RIPA buffer 
enriched with a protease inhibitor cocktail. 
Afterwards, quantification of the total protein 
was conducted with the Bicinchoninic Acid kit 
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(Pierce, USA). Then, we aliquoted 8 µg of the 
total protein and employed SDS-PAGE gel elec-
trophoresis to resolve the proteins. The frac-
tionated proteins were then electro-blotted 
onto a 0.45-µm PV membrane (Immobilon™; 
Merck Millipore, Darmstadt, Germany). Subse- 
quently, blocking of the membranes and prob-
ing with the antibodies β-actin (1:500, #05-
665; Merck Millipore) or anti-PLA2G4A (1: 
1000, #ab58375; Abcam, USA) for overnight 
were conducted. Thereafter, we conjugated the 
membranes with HRP-conjugated secondary 
antibodies (1:5000, #ab205719, Abcam) via 
incubation. An enhanced chemiluminescence 
was used to detect the bound antibodies. 
Finally, the Image J (NIH, Bethesda, MD, USA) 
software was employed to quantify the intensi-
ties of the bands.

Quantitative real-time PCR

Isolation of the total RNA was accomplished 
with the Mini-BEST Universal RNA Extraction kit 
(TaKaRa). Afterwards, the Prime-Script RT 
Master Mix (TaKaRa) was employed to convert 
the RNA into cDNA via reverse transcription. 
Then, the SYBR Green Master Mix (TaKaRa) 
was utilized in the qPCR, which was performed 
on the PCR LightCycler480 (Roche Diagnostics). 
At the same time, we used the TRIzol® reagent 
(Gibco/Life 270 Technologies, Thermo Fisher 
Scientific) to isolate the total miRNA from the 
cell cultures. The quantity and quality of miRNA 
were determined using stem-loop quantitative 
qRT-PCR (TaqMan probe approach). First-
strand cDNA synthesis of purified miRNA was 
performed using M-MLV reverse transcriptase 
and primers as per the manufacturer provid- 
ed protocol (Promega, Fitchberg, MA, USA). Re- 
lative gene expression was determined using 
U6 gene as internal reference. All qRT-PCR 
analyses were replicated thrice. The primers 
used were as follows: PLA2G4A, forward: 
5’-AGGAAAAGGTCAATGCCGCC-3’, reverse: 5’- 
GCCCCAGACACCCATCAAGA-3’. GAPDH, forwa- 
rd: 5’-GCACCGTC AAGGCTGAGAAC-3’, reverse: 
5’-TGGTGAAGACGCCAGTGG A-3’. MiR-32-3p 
forward: 5’-TTTCTCTATCGATAGGTACCGGCAGT- 
TACCATTTCACAC-3’; reverse: 5’-CACGCCGAAT- 
CAACATCAGTCTGATAA-3’.

Transfection of miRNAs

As show in previous studies, miR-32-3p was 
upregulated or inhibited by a chemically synthe-

sized miRNA mimics or inhibitors (Gene Phar- 
ma) [24, 25]. Cells were seeded and transfect-
ed using a riboFECT™ CP transfection kit for  
24 h as per the manufacturer provided proto- 
col (Ribobio). RT-qPCR was used to determine 
transfection efficiency 48 h after transfection.

Dual-luciferase reporter assay

Gene-Chem (Shanghai, China) constructed the 
PLA2G4A reporter plasmids. Co-transfection  
of the reporter vector with PLA2G4A-WT or 
PLA2G4A-Mut into HEK293 cells was conduct-
ed with the Lipofectamine 2000 system (In- 
vitrogen, Carlsbad, CA, USA) for 48 h. We alre- 
ady know that HEK293 is a cell line with high 
transfection efficiency and ease of culture. 
Luciferase enzyme activities were then asse- 
ssed by the Dual Luciferase Reporter Assay 
System (Promega) as per the manufacturer pro-
vided protocol.

Enrichment analysis and GTEX databases 
analysis

KEGG enrichment and gene ontology (GO) anal-
ysis were employed to explore potential mecha-
nism of PCOS pathogenesis using DAVID [26]. 
P<0.05 signified statistical significance. Asso- 
ciation analysis of PLA2G4A with SMG1 and 
PTEM retrieved from GTEX database was also 
conducted with the R software. The “gganato-
gram” and “ggpubr” packages were utilized to 
plot the human protein expression map.

Statistical analysis

RNA sequence data were assessed using R 
software as indicated above. Other statistical 
analyses were performed using the GraphPad 
Prism software. The measurement data con-
forming to the normal distribution were ex- 
pressed by mean ± standard deviation. Differ- 
ences between two groups were compared via 
the two-tailed Students’ t-test. The enumera-
tion data was expressed as percentage or rate. 
And chi square test was used for comparisons 
between two groups. P<0.05 was considered 
as difference with statistical significance.

Result

Patient’s characteristics

A total of 44 patients were recruited in this 
study. 23 participants were grouped in the  
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acupuncture treatment group whereas 21 par-
ticipants were grouped in the control group. 
The female characteristics of the two groups 
are shown in Table 1. Differences between  
the indicators in each group were negligible  
at the baseline level. However, as shown in 
Table 2, after acupuncture adjuvant treat- 
ment, there were significant differences in LH, 
FSH, LH/FSH, E2, P, FPG and TNF-α (pg/ml) 
between the two groups (P<0.05). Further, 
long-term acupuncture treatment increased 
LH, FSH, LH/FSH, E2 and P levels in patients 
with PCOS and diabetes which implied im- 
provement in endocrine function. Moreover, 
acupuncture treatment also regulated blood 

sugar level in diabetes and reduced blood 
inflammation indicators such as TNF-α 
(P<0.05). In addition, the indexes of average 
age, duration of infertility, and BMI between the 
two groups were statistically comparable 
(P>0.05).

Identification of DEMs and DEmiRNAs

R software package was used to analyze PCOS 
data set GSE34526 (3 PCOS, 7 normal) and 
diabetes mRNA data set GSE25462 (10 diabe-
tes, 25 normal), miRNA data set GSE70318 (19 
diabetes, 17 normal) to explore differentially 
expressed genes involved in PCOS and diabe-

Table 1. Basic information of patients in two groups
Parameters Control group (n=21) Acupuncture group (n=23) t/χ2 value P value
Age (year) 34.0±2.81 33.48±2.74 0.621 0.538
Infertility duration (year) 3.48±1.83 3.48±1.38 0.001 0.999
Ovulation (Cases) 7 (33.3%) 5 (26.1%) 0.744 0.388
BMI (kg/m2) 25.85±1.09 25.64±1.14 0.623 0.536
LH (mIU/ml) 7.94±0.72 7.66±0.61 1.396 0.170
FSH (mIU/ml) 6.85±0.81 6.72±0.71 0.567 0.574
LH/FSH 1.16±0.08 1.15±0.09 0.388 0.700
E2 (pg/ml) 81.42±5.75 78.86±5.04 1.574 0.123
P (pg/ml) 0.66±0.09 0.64±0.07 0.827 0413
FPG (mg/dL) 93.62±9.26 97.39±14.17 1.034 0.307
2 h Glucose OGTT (mg/dL) 144.92±34.5 142.91±31.71 0.201 0.841
HbA1c (%) 7.4±0.36 7.34±0.37 0.544 0.589
IL-6 (pg/ml) 59.16±4.17 57.67±5.54 1.000 0.323
TNF-α (pg/ml) 40.48±3.14 41.19±3.2 0.742 0.462
CRP (mg/l) 4.05±0.35 4.0±0.32 0.495 0.623

Table 2. Characteristics of the study population at 3 months after acupuncture
Parameters Control group (n=21) Acupuncture group (n=23) t/χ2 value P value
Ovulation (Cases) 13 (61.9%) 21 (91.3%) 5.403 0.020
BMI (kg/m2) 25.6±0.59 25.57±0.57 0.172 0.865
LH (mIU/ml) 7.13±0.51 7.62±0.41 3.527 0.001
FSH (mIU/ml) 7.67±0.53 7.16±0.43 3.519 0.001
LH/FSH 0.93±0.08 1.07±0.07 6.191 <0.001
E2 (pg/ml) 81.68±2.96 77.95±3.36 3.891 <0.001
P (pg/ml) 0.61±0.07 0.65±0.05 2.196 0.034
FPG (mg/dL) 89.03±6.87 94.7±8.76 2.373 0.022
2 h Glucose OGTT (mg/dL) 142.9±20.53 142.48±21.15 0.067 0.947
HbA1c (%) 7.26±0.13 7.33±0.2 1.362 0.181
IL-6 (pg/ml) 57.59±5.3 58.41±3.28 0.623 0.537
TNF-α (pg/ml) 38.7±3.12 41.33±2.89 2.903 0.006
CRP (mg/l) 3.9±0.23 4.0±0.21 1.508 0.139
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tes. There is currently no dataset on the effec-
tiveness of acupuncture in the treatment of 
PCOS. Our aim was to discover potential miR-
NA-mRNA networks with these datasets 
(GSE34526, GSE25462 and GSE70318) in 
PCOS patients with diabetes and provide guid-
ance for subsequent experimental studies. 
Veen diagrams were then generated using 
GSE34526 and GSE25462 datasets to identify 
mRNAs involved PCOS and diabetes (Figure 

1A). Eleven genes were differentially express- 
ed including: ZNF596, PLA2G4A, DUSP5P1, 
CHODL, LOC101927809, ZNF329, DNAJC28, 
MTPN, ZNF559, GCG, and PSPH. A heatmap 
was constructed using GSE25462 data set for 
visualization of clustering and expression of 
identified genes (Figure 1B). Differentially ex- 
pressed genes from each data set were us- 
ed to generate volcano maps (Figure 1C-E). 
ZNF596, PLA2G4A, DUSP5P1, CHODL, ZNF- 

Figure 1. Identification of DEMs and DEmiRNAs. Green dots indicate the down-regulated genes and red dots denote 
the genes that are upregulated. A: Venn diagram showing intersection of DEMs in GSE25462 and GSE34526 data-
sets; B: Heat map of DEMs from GSE25462 dataset; C: Volcano plot of GSE34526 (21655 RNAs); D: Volcano plot 
of GSE25462 (20486 RNAs); E: Volcano plot of GSE70318 (153 miRNAs).



Mechanism underlying acupuncture treatment of PCOS

8824 Am J Transl Res 2021;13(8):8819-8832

329, DNAJC28 and ZNF559 genes were posi-
tively correlated with PCOS and diabetes. Hi- 
gher expression level of miR-32-3p was ob- 
served in diabetic samples as compared with 
the normal samples.

Construction of miRNA-mRNA network

The results of Cytoscape software (version 
3.8.0) showed that miRNA-mRNA network con-
sists of up-regulated and down-regulated miR-

NAs and their target genes (Figure 2A). For 
example, high expression levels of hsa-miR-32-
3p may down-regulate transcription of PLA- 
2G4A, ZNF559, ZNF329, CHODL, ZNF596, 
MTPN and GCG. And down-regulation of hsa-
miR-642a-5p may up-regulate PSPH transcrip-
tion. These findings imply that miR-32-3p 
affects the pathological process of PCOS and 
diabetes by down-regulating PLA2G4A, ZNF- 
559, ZNF329, CHODL and ZNF596.

Figure 2. Construction of miRNA-mRNA network and analysis of clinical correlation. A: The miRNA-mRNA network for 
DE-miRNAs and DEMs; B: Relative expression of PLA2G4A and miR-32-3p detected by qPCR. Significant differences 
were observed between control and acupuncture groups; C: Relative expression of PLA2G4A and miR-32-3p de-
tected by qPCR. Significant differences were observed between groups with or without ovulation after acupuncture 
treatment. D: Correlation of miR-32-3p and PLA2G4A expression levels in clinical samples. The relative expression 
of miR-32-3p and PLA2G4A in clinical samples is negatively correlated.
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Functional and pathways enrichment analysis

Enrichment analysis of DEMs showed enrich-
ment of phospholipase A1 activity, phospholi-
pase A2 activity consuming 1,2-dioleoylphos-
phatidylethanolamine, calcium-dependent ph- 
ospholipase A2 activity, and Lysophospholipase 
activity. Pathway analysis indicated that DEMs 
were involved in: ether lipid metabolism; gly-
cine, serine and threonine metabolism; linoleic 
acid metabolism; arachidonic acid metabolism; 
VEGF signaling pathway; alpha-linolenic acid 
metabolism; biosynthesis of amino acids; Fc 
epsilon RI signaling pathway; long-term depres-
sion; insulin secretion; ovarian steroidogenesis; 
glucagon signaling pathway; and herpes sim-
plex virus 1 infection (P<0.05; Table 3). The 
most enriched gene in identified functions and 
pathways was PLA2G4A, and it may be impli-
cated in pathogenesis of PCOS as well as dia-
betes. Therefore, miR-32-3p may affect the 
pathogenesis of PCOS and diabetes by regulat-
ing PLA2G4A.

miR-32-3p and PLA2G4A levels were related to 
acupuncture treatment

The expression levels of miR-32-3p and PLA- 
2G4A in tissue samples were detected by  
qRT-PCR. The levels of hsa-miR-32-3p expres-
sions in the acupuncture group were remark-
ably lower than those of the control group 
(P<0.01). On the contrary, expression level of 
PLA2G4A in the acupuncture treatment gro- 
up was remarkably higher than that of the  
control group (P<0.05) (Figure 2B). Moreover, 
the expression levels of hsa-miR-32-3p in the 
ovulation group were remarkably lower than 
those of the no ovulation group (P<0.0001).  
On the contrary, expression levels of PLA2G4A 
in the ovulation group remarkably higher  
than those of the no ovulation group (P<0.05) 
(Figure 2C). The expression level of miR-32- 
3p and PLA2G4A were negatively correlated 
with human endometrial tissue (Figure 2D). 
Univariate logistic regression of miR-32-3p  
and PLA2G4A suggested that high expres- 
sion level of PLA2G4A or low expression level  
of miR-32-3p may influence the probability  
of ovulation (Table 4). Therefore, these find- 
ings imply that PCOS patients may benefit  
from acupuncture which can up-regulate PLA- 
2G4A and down-regulate the expression of 
miR-32-3p.

Table 3. GO function and KEGG pathway enrichment result
ID Term Gene P value
GO:0004622 Lysophospholipase activity PLA2G4A 0.011
GO:0008970 Phospholipase A1 activity PLA2G4A 0.006
GO:0047498 Calcium-dependent phospholipase A2 activity PLA2G4A 0.008
GO:0102568 Phospholipase A2 activity consuming 1,2-dioleoylphosphatidylethanolamine PLA2G4A 0.011
hsa00260 Glycine, serine and threonine metabolism PSPH 0.025
hsa00565 Ether lipid metabolism PLA2G4A 0.03
hsa00590 Arachidonic acid metabolism PLA2G4A 0.039
hsa00591 Linoleic acid metabolism PLA2G4A 0.018
hsa00592 Alpha-Linolenic acid metabolism PLA2G4A 0.015
hsa01230 Biosynthesis of amino acids PSPH 0.045
hsa04370 VEGF signaling pathway PLA2G4A 0.036
hsa04664 Fc epsilon RI signaling pathway PLA2G4A 0.042
hsa04730 Long-term depression PLA2G4A 0.037
hsa04911 Insulin secretion GCG 0.042
hsa04913 Ovarian steroidogenesis PLA2G4A 0.031
hsa04922 Glucagon signaling pathway GCG 0.044
hsa05168 Herpes simplex virus 1 infection ZNF559/ZNF596 0.033

Table 4. Univariate logistic regression of fac-
tors that affect ovulation

Variable
Univariate analysis

OR (95% CI) P value
miR-32-3p 0.069 (0.012-0.392) 0.003
PLA2G4A 8.060 (1.054-76.054) 0.048
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miR-32-3p negatively regulated PLA2G4A ex-
pression

The results predicted by RNA hybrid 2.12 
showed that there is a docking site between 
miR-32-3p and PLA2G4A, as shown in Figure 
3A. In Figure 3B, miR-32-3p was remarkably 
elevated by miR-32-3p mimics. The results of 
miR-32-3p mimic transfection showed decre- 
ased expression levels of PLA2G4A as well as 
decreased mRNA levels of PTEN and SMG1 in 
HEK-293 cells (Figure 3B-E). Besides, SMG1 
and PTEM both showed a significant positive 
correlation with PLA2G4A in the GTEX cohort 
(Figure 3F, 3G). Luciferase reporter assay 
results showed low luciferase activity in HEK-
293 cells co-transfected with PLA2G4A-WT 
and miR-NC control (P<0.05) (Figure 3H). Th- 
ese results show that miR-32-3p is involved  
in down-regulation of PLA2G4A expression 
(Figure 3I). And miR-32-3p may act as a sponge 
of PLA2G4A and down-regulates PLA2G4A’s 
expression.

Expression of PLA2G4A in human tissues and 
cells

Besides, the immunofluorescent analysis of 
PLA2G4A was carried out. And PLA2G4A was 
mainly detected in cytosol according to the 
information from THE HUMAN PROTEIN ATLAS 
(Figure 4A, 4B). In the endometrial tissue, 
PLA2G4A was mainly detected in glandular 
cells according to the information from THE 
HUMAN PROTEIN ATLAS (Figure 4C, 4D). To fur-
ther explore the expression profiles of PLA2G4A, 
we constructed human tissue-enriched protein 
map, which showed that PLA2G4A was signifi-
cantly enriched in ovary, uterus and vagina 
(Figure 4E).

GSEA analysis

GO function analysis of GSEA demonstrated 
that PLA2G4A-linked signaling functions in ovu-
lation cycle, modulation of glucose metabolic 
process, modulation of pri-miRNA transcription 
by RNA polymerase II, proton-transporting two-
sector ATPase complex (catalytic domain), glu-
cose catabolic process, sodium: potassium-
exchanging ATPase complex, complex of colla-
gen trimers, mitochondrial proton-transporting 
ATP synthase complex, sodium: potassium-
exchanging ATPase activity, adrenergic recep-
tor activity and high voltage-gated calcium 

channel activity were enriched (Figure 5A). 
Furthermore, PLA2G4A-related pathways reve- 
aled by KEGG pathways analysis of GSEA (in- 
cluding: thiamine metabolism pathway, apopto-
sis - multiple species pathway, type I diabetes 
mellitus pathway, insulin secretion pathway, 
glycolysis/gluconeogenesis pathway, steroid 
hormone biosynthesis cascade, endocrine, as 
well as other factor-regulated calcium reab-
sorption cascade, type II diabetes mellitus and 
insulin resistance pathway) were enriched 
(Figure 5B). Enrichment of these biological 
functions and pathways implied that PLA2G4A 
may be able to interrupt the vicious cycle in 
POCS and diabetes.

Discussion

In the current study, we used published micro-
array data and bioinformatics tools to explore 
the DEMs that are commonly associated with 
PCOS and diabetes. Potential miRNA-mRNA 
regulatory network was identified. Further, we 
observed that miR-32-3p might inhibit tran-
scription of PLA2G4A, which may be implicated 
in the vicious circle of PCOS and diabetes. Our 
systematic analyses provide information on the 
complex pathogenesis of PCOS at molecular 
level.

GO and KEGG enrichment analyses indicated 
that PLA2G4A played an important biological 
function in pathogenesis of PCOS and diabe-
tes. The results showed that PLA2G4A was 
involved in various metabolic processes includ-
ing ether lipid metabolism, arachidonic acid 
metabolism, linoleic acid metabolism, as well 
as alpha-Linolenic acid metabolism. Moreover, 
PLA2G4A participated in signal transduction 
pathways related to sex hormones functions 
and metabolism (for example: ovarian steroido-
genesis, Fc epsilon RI signaling pathway as well 
as VEGF signaling pathway). Therefore, we 
speculated that PLA2G4A plays a vital role in 
energy metabolism and hormone regulation. 
GSEA analysis based on GO and KEGG data-
bases further showed the role of PLA2G4A in 
metabolism and hormone regulation. KEGG 
pathways analysis of GSEA showed that PL- 
A2GA was implicated in diabetes mellitus path-
way, metabolism related pathway, insulin resis-
tance and endocrine related pathway. GO func-
tion analysis of GSEA showed that PLA2G4A 
played a key role in ATP-related energy metabo-
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Figure 3. miR-32-3p downregulates PLA2G4A expression. (A) miR-32-3p as the target miRNA of PLA2G4A was 
determined by RNAhybrid tool. Minimum free energy (MFE); (B) The relative expression of miR-32-3p in HEK-293 
cells was detected by qPCR after transfected with miR-32-3p mimics; (C, D) The result of WB showed expression 
of PLA2G4A in HEK-293 cells transfected with miR-32-3p inhibitor or miR-32-3p mimic; (E) Results of PCR showed 
mRNAs level of PTEN, SMG1 and PLA2G4A in HEK-293 cells transfected with miR-32-3p inhibitor or miR-32-3p 
mimic; (F, G) The correlations shown are for ovarian tissues from GTEX cohorts. Correlation analysis of PLA2G4A with 
PTEN (F) and SMG1 (G) in ovarian tissue. (H) Analysis of ALP2G4A regulation by miR-32-3p by Luciferase reporter 
assays; (I) A model showing downregulation of PLA2G4A expression by miR-32-3p.
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lism. Dysregulation of endocrine and energy 
metabolism are important mechanisms in 
pathogenesis of PCOS and diabetes [27].

Previous studies reported that PLA2G4A gene 
served a pivotal role in sugar metabolism and 
lipid metabolism [28, 29]. Functional analysis 
of BanI polymorphism suggested that presence 
of the G allele in the PLA2G4A genotype posi-
tively correlated with high cPLA2 activity [30]. 

Interestingly, higher cPLA2 activity conferred 
protective effect in female diabetic patients 
[31]. Estrogen activated cPLA2 by inducing 
increase in extracellular Ca2+ and free Ca2+ in 
the cytoplasm [32]. Therefore, down-regulation 
of cPLA2 activity caused by down-regulation of 
estrogen may explain insulin resistance in 
PCOS patients. Up-regulation of PLA2G4A af- 
fects activity of cPLA2 thus inhibiting the 
vicious circle of PCOS and diabetes.

Figure 4. Expression of PLA2G4A in human tissues and cells. A, B: The immunofluorescent analysis of PLA2G4A 
was carried out. And PLA2G4A was mainly detected in cytosol; C, D: In the endometrial tissue, PLA2G4A was mainly 
detected in glandular cells; E: PLA2G4A was shown by human protein expression map (GTEX cohort, n=1884).
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We have demonstrated that miR-32-3p down-
regulates PLA2G4A transcription in in vitro 

experiments. Previous studies reported that 
PCOS-related miRNAs were highly expressed in 

Figure 5. The KEGG pathway analysis and GO function analysis of pathways and functions associated with PLA2G4A 
were visualized by GSEA. And significant correlations were observed. A: GO enrichment analysis; B: KEGG enrich-
ment analysis. Note: GSEA: Gene Set Enrichment Analysis.
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ovaries. These miRNAs regulate adipogenesis, 
steroid hormone synthesis, follicle develop-
ment and maturation, and insulin signaling 
pathways. Shen et al. reported that overex- 
pression of miR-32 induced by hyperglycaemic 
microenvironment enhanced cardiac fibroblast 
apoptosis, implying that miR-32 may be invo- 
lved in diabetes-induced cardiomyopathy [33]. 
Further, studies reported that miR-32 might be 
related to the pathophysiological process of 
cardiovascular diseases [34]. High expression 
levels of miR-32 have been reported in PCOS 
patients [35]. The ability of miR-32-3p to act as 
a response element for directly regulating the 
transcription of PLA2G4A was confirmed by a 
luciferase reporter gene assay. These findings 
show that acupuncture procedure down-regu-
lates expression of miR-32-3p in PCOS and dia-
betes patients. Therefore, downregulation of 
miR-32-3p may play a pivotal role in the tradi-
tional acupuncture treatment of PCOS and dia-
betes-related diseases.

Diagnosis and treatment of PCOS is a common 
challenge encountered by clinicians and medi-
cal professionals. Previous studies have char-
acterized and identified that various miRNAs 
could be potential therapeutic targets and a 
diagnostic biomarkers for PCOS [17]. Further, 
studies reported that regulation of the meta-
bolic and androgenic system by miRNAs might 
be implicated in the mechanism of acupunc-
ture treatment [20]. Notably, acupuncture is 
not recommended in Western medicine, mainly 
because the precise mechanism of action is 
unknown. We explored potential molecular 
mechanisms of acupuncture in the treatment 
of diabetic PCOS by constructing miRNA-mRNA 
networks using bioinformatics methods and 
clinical data in this study. This research provid-
ed information on acupuncture in the treatment 
of PCOS patients. However, this study has cer-
tain limitations. Future studies should incorpo-
rate additional factors to increase the sample 
size and further clarify the mechanism of acu-
puncture treatment for PCOS. In addition, tar-
geted regulation of PLA2G4A by miR-32-3p 
requires further animal and cytological experi-
ments. Moreover, genetic polymorphism of 
PLA2G4A may also affect protein function; 
therefore, further research should be carried 
out [36]. Nonetheless, our study has identified 
miR-32-3p and PLA2G4A as potential indepen-
dent risk factors affecting PCOS prognosis. 

Interestingly, our research proved that miR-32-
3p and PLA2G4A were regulated by acupunc-
ture treatment. Transcriptional regulation of 
PLA2G4A by miRNA-32-3p was also confirmed 
in this study.

There are still some limitations in the present 
study, such as a single center study, small sam-
ple size, unclear about miR-32-3p and PLA- 
2G4A expression in PCOS patients with diabe-
tes, and no supply of the pathways for PLA2G4A 
by the molecular and biological examination. 
More samples are needed in future studies, 
and more prospective, controlled, multi-center 
studies with long follow-up are also required for 
further validation.

In summary, miR-32-3p targets PLA2G4A pro-
tein which may be a target for the treatment of 
the vicious cycle of PCOS and diabetes. The 
underlying mechanism of traditional acupunc-
ture treatment may be through inhibition of the 
vicious circle of PCOS and diabetes by down-
regulation of miR-32-3p.
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