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Background: Polycystic ovary syndrome (PCOS) is the most common reproductive endocrine disease in 
women of childbearing age, and insulin resistance is an important etiological mechanism in PCOS. This 
study revealed the microRNA (miRNA) expression profile of PCOS with insulin resistance and explored the 
potential biological functions of differentially expressed miRNA.
Methods: A total of 76 patients with PCOS and 30 normal healthy women were recruited in the 
gynecological clinic of the Second Hospital of Tianjin Medical University. We divided the patients with 
PCOS into a group with insulin resistance (n=46) and a group without insulin resistance (n=30). Peripheral 
venous serum samples from each group were used for deep sequencing to identify differentially expressed 
miRNAs. Hierarchical clustering heat maps were used to show differences in miRNA expression. Gene 
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, and target gene 
network databases were used to explore the potential target genes of differentially expressed miRNAs and to 
analyze their specific biological functions.
Results: A case-control analysis found that the levels of body mass index (BMI), prolactin (PRL), total 
testosterone (T), fasting blood glucose (FBG), and fasting insulin (INS) in patients with PCOS were higher 
than those in healthy controls. High BMI, high blood sugar, and hyperinsulinemia were more significant 
in the PCOS with insulin resistance group than without insulin resistance group. Among the patients with 
PCOS, miR-122-5p was found to have more significant differences in the PCOS with insulin resistance 
group. GO and KEGG pathway analysis showed that the identified miRNAs were involved in the regulation 
of different biological processes, such as signal transduction, negative regulation of GTPase activity, 
chloride channel complex. The predicted target genes were related to the citrate cycle (TCA cycle) and the 
biosynthesis of mucin-type O-glycans.
Conclusions: Our research demonstrated the use of miRNAs as new biomarkers for the diagnosis, 
treatment and presented a new strategy to lessen the symptoms of PCOS with insulin resistance.
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Introduction

Polycystic ovary syndrome (PCOS) is a diverse disease 
with different phenotypes. The clinical manifestations of 
PCOS are hyperandrogenemia, irregular menstruation, 
and polycystic ovary morphology (PCOM) (1,2). The 2018 
PCOS Evaluation and Management Guidelines update 
states that at least 2 of the following items must be met for a 
diagnosis to be made: clinical or biochemical hyperandrogen 
manifestations, oligoovulation or anovulation with 
irregular menstruation, and PCOM (3). The metabolic 
diseases of PCOS include insulin resistance, atherosclerotic 
dyslipidemia, systemic inflammation, obesity, oxidative 
stress, type 2 diabetes mellitus (T2DM), and cardiovascular 
disease (4,5). It has been reported that about 70% of 
patients are insulin resistant (6,7). Studies have found 
insulin resistance in the follicular environment of obese 
patients with PCOS, even when there were no clinical 
symptoms (8). PCOS with insulin resistance is selective and 
affects metabolism but does not affect the signaling pathway 
of mitosis (9).

Because of the heterogeneity of insulin resistance, the 
degree of insulin resistance varies in different tissues. The 
liver insulin uptake in patients with PCOS is reduced, 
leading to hyperinsulinemia. Abnormal insulin action has 
also been observed in the adipose tissue and fat cells of 
women with PCOS (6). Obesity-related insulin resistance 
seems to be mainly regulated through the PI3K pathway 
(10-13). In addition, hyperinsulinemia caused by insulin 
resistance increases the risk of obesity, leading to a vicious 
circle of worsening insulin resistance and its metabolic 
sequelae (14). Elevated insulin and glucose levels are 
considered hallmarks of the development of type 2 diabetes,  
and PCOS plays a key role in the development and 
progression of diabetes (15). Di et al. have found that 
glucose metabolism, lipid accumulation, and insulin 
resistance are closely related (16). In addition, the glucose 
metabolism of ovarian granulosa cells not only affects the 
proliferation and apoptosis of cells, but it also affects the 
quality of oocytes in the ovulation of PCOS ovaries (17,18). 
However, the mechanism of PCOS with insulin resistance 
on glucose metabolism is not clear, and there is a lack of 
literature on this topic. Although many mechanisms and 
molecular pathways leading to insulin resistance have been 
extensively studied, the molecular mechanisms of insulin 
resistance still need to be studied in depth.

MicroRNA (miRNA) is a small 21–22 nt noncoding 
RNA that regulates important biological processes in 

animals and plants. MiRNA plays a regulatory role in 
target gene expression and transcription (19), including 
the regulation of multiple gene expression, and 1 miRNA 
can simultaneously target several genes located in the 
same cell signaling pathway. A significant amount of 
evidence has shown that miRNA regulates various key 
regulatory biological functions, including cell growth 
and development, apoptosis, metabolism, stress response, 
and immune regulation (20). MiRNA promotes or 
inhibits miRNA signaling through a regulatory feedback 
mechanism. This can cause significant changes in miRNA 
expression, which can lead to the development of different 
diseases, including cardiovascular diseases and diabetes 
(21,22). Evidence has increasingly shown the influence of 
miRNAs in the pathogenesis of diabetes, and miRNAs may 
be a new biomarker of diabetes. Nanda and his colleagues 
found that miRNA-24 is associated with insulin resistance 
and changes in sex hormone levels, and miRNA-24 may be 
used as a new biomarker for the diagnosis of PCOS (23). 
However, no studies have focused on whole blood miRNA 
profiles in PCOS patients with insulin resistance.

Our research on the exact relationship between 
differentially expressed miRNA and PCOS is still preliminary. 
The role of miRNA in the diagnosis and predicted therapeutic 
targets of PCOS with insulin resistance needs further 
exploration. We present the following article in accordance 
with the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2941/rc).

Methods

General information

A total of 106 healthy women and patients with PCOS 
were selected from April 2021 to October 2021 in the 
gynecological clinic of the Second Hospital of Tianjin 
Medical University. The women were 17 to 45 years 
old, with an average age of 28 years. According to the 
homeostatic model assessment for insulin resistance 
(HOMA-IR) index {HOMA-IR = [fasting blood glucose 
(FBG) (mmol/L) × fasting insulin (INS) (mU/L)]/22.5}, 
the patients with PCOS were divided into a PCOS with 
insulin resistance group (n=46) and a PCOS without insulin 
resistance group (n=30). A group of 30 normal healthy 
women served as the control. The sample size meets the 
statistical requirements. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). This study was approved by the Ethics Committee 

https://atm.amegroups.com/article/view/10.21037/atm-22-2941/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-2941/rc
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of the Second Hospital of Tianjin Medical University (No. 
KY2017K002). The informed consent of the patients under 
18 years old was obtained from their legal guardians. The 
other patients and their family members gave informed 
consent and signed an informed consent form.

Selection standards

According to the 2018 PCOS Evaluation and Management 
Guidelines, at least 2 of the following three criteria must be 
met to be diagnosed: (I) sparse ovulation or anovulation or 
irregular uterine bleeding; (II) clinical or biochemical high 
androgen manifestations [hirsutism, acne, and alopecia; 
hyperandrogenemia is based on the determination of total 
testosterone (T)]; (III) ovarian polycystic changes, with ≥12 
follicles of 2–9 mm in diameter on 1 or both ovaries, and/or 
ovarian volume (OV) ≥10 mL (OV =0.5× long diameter × 
transverse diameter × front and back diameter). A diagnosis 
of PCOS can be made if the patient meets 2 of the above 
items.

Observation indicators

Detailed records of the patients’ menstrual history, 
marriage and childbirth history, family history, other related 
medical history, and height and weight measurements were 
collected. Participants collected 2 mL of peripheral venous 
blood on days 2 to 5 of their menstrual period. Samples 
from patients with oligomenorrhea and amenorrhea were 
collected after ultrasound examination of nondominant 
follicles. Serum follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), estradiol (E2), prolactin (PRL), 
T, thyroid stimulating hormone (TSH), FBG, and INS 
levels were detected in each group, and a whole blood cell 
analysis was conducted. After centrifugation, 1 mL of the 
upper serum was absorbed and marked for storage at −20 ℃.

RNA sequencing and bioinformatics analysis

Three patient serum samples were randomly selected 
from each group for RNA sequencing analysis. RNA 
isolation and RNA sequencing were performed. In short, 
a TRIzol reagent was used to extract total RNA from the 
specimen according to the manufacturer’s instructions. The 
concentration of RNA was measured with a NanoDrop 2000 
spectrophotometer (Thermo Fisher Scientific, Waltham, 
MA, USA). An RNA library was generated from total RNA 
using Illumina’s NEBNext Step Superdirected RNA Library 

Preparation Kit (NEB, Ipswich, MA, USA). The quality and 
quantity of the RNA library were evaluated using an Agilent 
2100 bioanalyzer (Santa Clara, CA, USA) and an ABI real-
time polymerase chain reaction system (Applied Biosystems, 
Waltham, MA, USA), respectively. A hierarchical clustering 
heat map generated by R version 1.0.8 (The R Foundation 
for Statistical Computing, Vienna, Austria) was used to 
show the differentially expressed miRNA patterns between 
the two groups. Expression differences were characterized 
by log2FC (|log2fold change| >1) and P values (P<0.05). 
Gene Ontology (GO) analysis and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway analysis were used 
to explore the molecular functions, cellular components, and 
biological processes of the differentially expressed miRNAs 
(http://geneontology.org/).

Prediction, bioinformatics analysis, and network 
generation of miRNA target genes

We used GO terms, KEGG pathway, and Cytoscape 
analysis (https://cytoscape.org/) to determine the role of 
differentially expressed miRNAs. The target genes of the 
differentially expressed miRNAs were predicted using the 
miRTarBase, Targentscan, and miRDB databases. GO 
enrichment analysis was used to identify the main biological 
functions of the differentially expressed genes. KEGG 
pathway enrichment was used to study the cellular and 
biological functions of the test genes.

Statistical analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA) statistical 
software was used to process the data. The measurement 
data were expressed as mean ± standard deviation (SD). The 
two groups were compared using a Student’s t-test and a 
one-way analysis of variance, and a logistic multiple linear 
regression analysis was carried out using GraphPad Prism 
8.0.1 (GraphPad Software Inc., San Diego, CA, USA). A P 
value of <0.05 was considered statistically significant.

Results

Analysis of relevant indicators of clinical data

Analysis of the data found that there was no significant 
difference in age between the three groups. The body mass 
index (BMI), T, PRL, FBG, and INS of the PCOS group 
were significantly higher than those of the healthy control 
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group, while the E2 and FSH were significantly lower than 
those of the control group (Table 1).

When the PCOS groups were compared, the results 
showed that BMI and INS were significantly higher in the 
PCOS with insulin resistance group than in the PCOS 
without insulin resistance group, while FSH was lower in 
the PCOS with insulin resistance group than in the PCOS 
without insulin resistance group, with statistically significant 
differences (Table 2).

Analysis of factors affecting insulin resistance in patients 
with PCOS

Multivariate logistic regression analysis was carried out with 
insulin resistance as the dependent variable and whether 
there was a statistically different index of insulin resistance 
as the independent variable. The logistic regression analysis 
found that only insulin levels were significantly correlated 
with insulin resistance (r=0.9649; R squared =0.93; 
P<0.0001) (Figure 1). However, we found no significant 
correlation between sex hormone levels, BMI, FBG and 
INS levels. Clinically, there are indeed some normal-weight 
or thin patients who also have insulin resistance. Although 
serum FBG levels are within the normal reference range 
in such patients, their INS levels remain high. We need to 
further explore the effects of insulin resistance on granulosa 

cells and oocytes in ovarian tissue. How the regulation of 
insulin levels affects the normal development of ovarian 
follicles needs further verification.

Differential expression of miRNA in serum

The “limma” package in R was used to compare the 
different expression profiles of miRNA among the 
PCOS groups and the healthy control group. In the 
serum, 46 differential miRNAs were identified among 
the three groups (Figure 2A). Enrichment analysis of 
differentially expressed miRNAs was carried out using 
GO terms (Figure 2B). The analysis of biological processes 
showed that most of the targeted miRNAs were related 
to sensory system development, positive regulation of 
cellular protein localization, osteoblast differentiation, 
and insulin response. Other targeted genes were related 
to lung development and respiratory tube development. 
The analysis of cellular components showed that the 
target genes of the differentially expressed miRNAs were 
mainly located in circulating endosomes, clathrin-coated 
vesicle membranes, protein kinase complexes, cell-cell 
adhesion junctions, and the synthesis of nuclear matrix and 
endosomal membranes. Others were located in microvillus, 
actin filament bundle, contraction of actin tows and stress 
fibers. The analysis of molecular functions showed that 

Table 1 Comparison of related indicators between the PCOS group and the control group

Variables NC (n=30) PCOS (n=76) Total P value#

Patient number (%) 30 (28.3) 76 (71.7) 106 –

Age (years), mean (SD) 28.83 (3.50) 26.75 (6.16) 27.35 (5.57) 0.085

BMI (kg/m2), mean (SD) 22.30 (2.63) 23.68 (3.93) 23.28 (3.63) 0.042*

FSH (IU/L), mean (SD) 6.72 (1.51) 5.10 (1.94) 5.56 (1.95) 0.000**

LH (mIU/mL), mean (SD) 6.81 (2.85) 6.35 (5.40) 6.51 (4.81) 0.602

PRL (ng/mL), mean (SD) 4.69 (7.03) 16.72 (8.99) 13.50 (10.17) 0.000**

E2 (pg/mL), mean (SD) 137.75 (81.13) 48.98 (47.21) 72.82 (71.41) 0.000**

T (nmol/L), mean (SD) 0.78 (0.29) 1.29 (0.43) 1.15 (0.45) 0.000**

TSH (μIU/mL), mean (SD) 2.16 (1.11) 2.16 (1.24) 2.14 (1.21) 0.505

FBG (mmol/L), mean (SD) 5.05 (0.46) 5.58 (0.80) 5.43 (0.76) 0.001**

INS (μIU/mL), mean (SD) 7.57 (1.45) 12.30 (11.63) 10.94 (10.05) 0.001**
#, the characteristics of the PCOS and NC groups were compared using a Student’s t-test for continuous variables. P signifies the 
difference between the two groups. *, P<0.05; **, P<0.01. PCOS, polycystic ovary syndrome; SD, standard deviation; BMI, body mass 
index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; PRL, prolactin; E2, estradiol; T, testosterone; TSH, thyroid-stimulating 
hormone; FBG, fasting blood glucose; INS, fasting insulin; NC, normal control.
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the target genes of the differentially expressed miRNAs 
were mainly related to enhancers, growth factor binding, 
regulation of oxidoreductase activity, positive regulation 
of oxidoreductase activity, and phosphoprotein binding. 
Others were related to transition metal ion transmembrane 
transporter activity, protein phosphorylated amino acid 
binding, receptor tyrosine kinase binding, messenger 
RNA (mRNA) 3'-untranslated region (3'-UTR) binding, 
and protein tyrosine kinase binding. The KEGG pathway 

analysis showed that the targets of these differentially 
expressed miRNAs were involved in a variety of pathways, 
including glycosphingolipid biosynthesis and mucin-type 
O-glycan biosynthesis. Other pathways included citrate 
cycle (TCA cycle) and AGE-RAGE signaling pathway in 
diabetic complications, p53 signaling pathway, carbohydrate 
digestion and absorption, thyroid hormone synthesis, 
cysteine and methionine metabolism and inflammatory 
bowel disease (Figure 2C). To verify the function of specific 
miRNAs in patients with insulin resistance, miRDB, 
TargetScan, and miRTarBase were used to predict their 
target genes. STRING was utilized for the Protein-Protein 
Interaction Network construct. Four miRNAs and 260 
target genes were identified (Figure 2D). The target gene 
network diagram illustrated the key regulatory functions 
of the identified miRNA and its target genes. In short, 
all 4 miRNAs had specific prediction targets. At the same 
time, different miRNAs had common target genes. For 
example, among these predicted target genes, ABHD178, 
MAP3K7, and KIAAO225 were the common target genes 
of 2 miRNAs (miR-486-5p and miR-223-3p). These results 
indicated that differential miRNAs might have unique 
regulatory functions, or they might share some similar 
regulatory functions.

The miRNA analysis of the PCOS with insulin resistance 

Table 2 Comparison of related indicators between the two PCOS groups

Variables PCOS-NIR PCOS-IR Total P value#

Patient number (%) 46 (60.5) 30 (39.5) 76 –

Age (years), mean (SD) 26.61 (6.00) 26.97 (7.03) 26.77 (6.12) 0.820

BMI (kg/m2), mean (SD) 22.06 (2.99) 26.17(3.92) 23.66 (3.91) 0.000**

FSH (IU/L), mean (SD) 5.49 (1.80) 4.52 (2.04) 5.11 (1.93) 0.032*

LH (mIU/mL), mean (SD) 7.21 (5.94) 5.03 (4.28) 6.93 (5.40) 0.077

PRL (ng/mL), mean (SD) 15.09 (7.38) 19.25 (10.68) 16.93 (9.11) 0.074

E2 (pg/mL), mean (SD) 47.25 (39.49) 57.24 (57.06) 47.19 (47.36) 0.392

T (nmol/L), mean (SD) 1.23 (0.42) 1.40 (0.42) 1.29 (0.42) 0.089

TSH (μIU/mL), mean (SD) 2.22 (1.38) 2.06 (1.02) 2.14 (1.26) 0.483

FBG (mmol/L), mean (SD) 5.30 (0.51) 6.01 (1.00) 5.57 (0.80) 0.001**

INS (μIU/mL), mean (SD) 7.29 (2.20) 19.98 (15.55) 12.26 (11.56) 0.000**
#, the characteristics of the PCOS with insulin resistance and without insulin resistance groups were compared using a Student’s t-test 
for continuous variables. P signifies the difference between the two groups. *, P<0.05; **, P<0.01. PCOS, polycystic ovary syndrome; 
SD, standard deviation; BMI, body mass index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; PRL, prolactin; E2, estradiol; 
T, testosterone; TSH, thyroid-stimulating hormone; FBG, fasting blood glucose; INS, fasting insulin; PCOS-NIR, PCOS without insulin 
resistance; PCOS-IR, PCOS with insulin resistance.
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Figure 1 The correlation between INS level and HOMA-IR 
index, logistic regression analysis. HOMA-IR, homeostatic model 
assessment for insulin resistance; INS, fasting insulin.
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Figure 2 Differential expression and function analysis of miRNA in serum. (A) The heat map shows the expression of the three groups 
of miRNAs: blue indicates a relatively low expression and red indicates a relatively high expression. (B) GO enrichment analysis of the 
differentially expressed miRNAs. (C) KEGG pathway analysis of the differentially expressed miRNA targets shows multiple pathways. (D) 
Construction of a miRNA-mRNA network according to the interactions between miRNAs and the intersected target genes. The green 
square frame represents target mRNAs, and the red polygon nodes represent miRNAs. S1, normal control group; S2, PCOS without insulin 
resistance group; S3, PCOS with insulin resistance. GO, Gene Ontology; PCOS, polycystic ovary syndrome; mRNA, messenger RNA; 3'-
UTR, 3'-untranslated region; KEGG, Kyoto Encyclopedia of Genes and Genomes; miRNA, microRNA.
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group (S3), the PCOS without insulin resistance group (S2), 
and the healthy control group found that the expression 
of miR-223-3p was significantly different among the three 
groups (Figure 3A). We used GO terms and KEGG gene 
analysis to determine the pathway of action of differentially 
expressed miR-223-3p. The target genes of miR-223-3p 
were predicted using miRDB, TargetScan, and microRNA.
org. GO analysis of the target genes indicated that 
miRNA-223-3p was involved in the regulation of different 
biological processes (Figure 3B). The analysis of biological 
processes showed that miRNA-223-3p was mainly related 
to mitotic cytokinesis and cell communication involved 
in cardiac conduction (Figure 3C). The analysis of cellular 
components showed that miRNA-223-3p was related to the 
perinuclear region of cytoplasm and adherens junctions. 
The analysis of molecular functions showed that miRNA-
223-3p was mainly related to protein phosphorylated 
amino acid binding. The KEGG pathway analysis showed 
that the targets of the differentially expressed miRNAs 
were involved in the regulation of a variety of pathways, 
including proximal tubule bicarbonate reclamation and 
mucin type O-glycan biosynthesis (Figure 3D). We used a 
protein interaction Cytoscape diagram of miRNA target 
genes to analyze the correlation among the related target 
gene proteins (Figure 3E).

Analysis of differentially expressed miRNAs between the 
two PCOS groups

The miRNA analysis of the PCOS groups showed that 
the expression of miR-122-5p was significantly different 
between the two groups. The target genes of miR-122-5p 
were predicted using miRDB, TargetScan, and microRNA.
org (Figure 4A). To gain insight into the underlying 
mechanism of PCOS insulin resistance, we used GO terms 
and KEGG pathway analysis to determine the pathway of 
action of differentially expressed miRNAs. The biological 
functions and pathways of differentially expressed miRNAs 
were closely related to the development of PCOS insulin 
resistance. GO analysis of target genes indicated that miR-
122-5p was involved in the regulation of different biological 
processes. The analysis of biological processes showed that 
miR-122-5p was mainly related to the negative regulation 
of GTPase activity, tightly connected tissues, tightly 
connected components, two-cell tightly connected assembly, 
maintenance of protein localization in cells, and epithelial 
cell morphogenesis. The analysis of cellular components 
showed that miR-122-5p was related to chloride channel 

complex, ESCRT complex, and ESCRT 1 complex. The 
analysis of molecular functions showed that miR-122-5p 
was mainly related to the negative regulation of GTPase 
activity, transferase activity, transfer of nitrogen-containing 
groups, and transaminase activity (Figure 4B).

The KEGG pathway analysis showed that the targets 
of these differentially expressed miRNAs were involved in 
two pathways: the citrate cycle (TCA) and the biosynthesis 
of mucin-type O-glycans (Figure 4C). We conducted 
a Cytoscape protein interaction analysis of miRNA 
target genes and found that G6PC3 and other proteins 
participated in the mechanism of regulating insulin 
resistance (Figure 4D). In summary, these results indicated 
that miR-122-5p plays an important regulatory role in the 
regulation of insulin resistance in PCOS.

Discussion

PCOS is a common gynecological endocrine disease 
characterized by hyperandrogenemia and insul in  
resistance (9). Insulin resistance is a common feature in 
women with PCOS, with approximately 60–80% of patients 
developing insulin resistance (24). This suggests a strong 
link between PCOS and insulin resistance. There are 
many ways to improve the mechanism of insulin resistance, 
such as changing the intestinal microbiota (25), reducing 
oxidative stress (26,27), controlling weight (28), changing  
lifestyles (29), and balancing nutrients (30). However, the 
underlying mechanism of PCOS with insulin resistance 
remains unclear.

The common pathogenesis of PCOS includes insulin 
resistance, obesity, chronic inflammation, and mitochondrial 
dysfunction. Insulin resistance can lead to increased 
androgen levels and infertility, thereby exacerbating PCOS. 
While many factors contribute to insulin resistance in 
PCOS patients, the main factor is obesity. Approximately 
30–60% of patients with PCOS exhibit symptoms of 
obesity. Obesity has a great influence on different PCOS 
phenotypes and affects the management of symptoms and 
reproductive outcomes (31). In our clinical case statistics, 
we found that high BMI (>25 kg/m2), hyperglycemia, and 
hyperinsulinemia were strongly correlated with PCOS 
and insulin resistance. Obesity and insulin resistance may 
interfere with the signal transduction of the action of insulin 
by inhibiting insulin, causing inflammatory changes, and 
leading to oxidative stress. Some scholars have found that 
obesity can activate the toll-like receptor 2 (TLR2), toll-like 
receptor 4 (TLR4) (32), DNA-PKCs (PKCs), and nuclear 



Huo et al. Study on the differential expression of miRNAPage 8 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(14):762 | https://dx.doi.org/10.21037/atm-22-2941

Figure 3 Correlation analysis of the differential expression of miR-223-3p in the PCOS and control groups. (A) The heat map shows the 
expression of the two groups of miRNAs. (B) Construction of a miRNA-mRNA network according to the interactions between miRNAs and 
the intersected target genes. (C) GO enrichment analysis of the differential expression of miR-223-3p. (D) KEGG pathway analysis of the 
differentially expressed miRNA targets shows multiple pathways. (E) A Cytoscape diagram of the miRNA target genes was used to analyze 
the correlation of related target gene proteins. The green square frame represents target mRNAs, and the red polygon nodes represent 
miR-223-3p. The blue circular node represents target gene of miRNA. S1, normal control group; S2, PCOS without insulin resistance 
group. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PCOS, polycystic ovary syndrome; miRNA, microRNA; 
mRNA, messenger RNA.
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Figure 4 Analysis of differentially expressed miRNAs between the two groups of PCOS patients. (A) Target gene prediction of miR-122-
5p. The green square frame represents target mRNAs, and the red polygon nodes represent miR-122-5p. (B) GO enrichment analysis 
determined the pathway of action of differentially expressed miRNA. (C) KEGG pathway analysis of miR-122-5p targets involved two 
pathways. (D) Cytoscape analysis of target gene-related protein interaction. The blue circular node represents target gene of miRNA. GO, 
Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; miRNA; microRNA; PCOS, polycystic ovary syndrome.

factor-κB (NF-κB) pathways. In addition, the expression of 
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6) (33), 
interleukin-8 (IL-8) (34), and C-reactive protein (CRP) 
induces insulin resistance. One study found that although a 
large number of PCOS patients in the obese group did not 
show obvious clinical symptoms of insulin resistance, for 
instance BCL2L1, BRAF and CBL were mainly responsible 
for the proliferation and differentiation of cumulus 
cells, insulin resistance, and apoptosis during oocyte  
maturation (8). These changes may be related to the poor 

prognosis of follicular development and oocyte maturation 
in obese women with PCOS.

There is a correlation between insulin resistance and 
miRNA. miR-33b-5p is overexpressed in the ovarian tissue 
of insulin-resistant PCOS rats and therefore may play an 
important role in the development of insulin resistance in 
patients with PCOS (35). Another study found that miR-
3585-5p and miR-30-5p were significantly upregulated 
and miR-146-5p was downregulated in the ovaries of rats 
with PCOS and insulin resistance (36). There are many 
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changes in the expression of miRNA in the follicular fluid 
of patients with PCOS, and miR-127-3p has been found 
to be associated with insulin resistance (37). One study 
found that in PCOS ovarian granulosa cells, inhibition 
of long noncoding RNA (lncRNA) plasmacytoma variant 
translocation 1 (PVT1) and overexpression of miR-17-5p 
resulted in the downregulation of phosphatase and tensin 
homolog (PTEN) and promoted cell proliferation, thereby 
inhibiting the apoptosis of ovarian granulosa cells (38). 
In addition, the downregulation of miR-99a expression 
in patients with PCOS may be closely related to insulin 
resistance and hyperinsulinemia (39). miR-99a can inhibit 
the proliferation of human glomerular basement membrane 
cells and promote their apoptosis by targeting insulin-like 
growth factor 1 receptor (IGF-1R), which may be part of 
the cause of abnormal PCOS follicles (40). Research has 
increasingly shown that miRNAs are closely related to 
insulin resistance, and they may play an important role in 
PCOS with insulin resistance (40,41).

Our results showed that miR-486-5p, miR-223-3p, miR-
6088, and miR-122-5p had significant differences between 
the PCOS group and the control group. Comparative 
analysis between the control group and the PCOS without 
insulin resistance group found that the expression of miR-
223-3p was significantly different. The expression of 
miR-122-5p was significantly high in the PCOS group, 
especially in PCOS patients with insulin resistance. 
Expression of miR-122-5p has been implicated in the 
development of multiple cancers and insulin resistance. A 
study by Badacz and other scholars (42) found that miR-
122-5p may be related to the occurrence of cardiovascular 
disease. Compared with PCOS patients without insulin 
resistance, the expression of miR-122-5p in PCOS patients 
with insulin resistance was significantly increased. In 
recent years, the effect of the mitochondrial biosynthetic 
pathway on the follicular development and glucose and lipid 
metabolism mechanism of PCOS has become a research 
hotspot. Using KEGG pathway analysis, our study found 
that miR-122-5p plays an important role in the TCA cycle 
and may participate in the regulation of glucose and lipid 
metabolism pathways and thus affect the PCOS insulin 
signal transduction.

In summary, our statistical clinical data found that the 
levels of T, BMI, FBG, and INS in patients with PCOS 
were generally higher than those in healthy controls. 
Among patients with PCOS, high BMI, high blood sugar, 
and hyperinsulinemia were more significant in the insulin 
resistance group. In PCOS, obesity and insulin resistance 

lead to glucose and lipid metabolism disorders. The degree 
of insulin resistance can be assessed by BMI and other 
obesity-related indicators such as waist circumference, 
waist height ratio (WHtR), waist circumference/height0.5 
(WHT.5R), and lipid accumulation products (LAP), which 
can increase the cardiovascular and metabolic risk of patients 
with PCOS (43,44). Studies have shown that women with 
PCOS have different epigenetic regulation, which may be 
caused by an unfavorable intrauterine environment or post-
natal environmental factors such as diet and/or obesity  
(45-47). Both obesity and high androgen can aggravate 
insulin resistance. Mu and Li found that the expression 
of miR-103 in obese women with PCOS showed a slight 
downward trend after fat loss (45). In our study, microarray 
analysis was used to detect the blood samples of each group 
of cases, and differentially expressed miRNAs were found 
in the PCOS group compared with the control group. In 
addition, 4 significantly differentially expressed miRNAs 
were found in PCOS patients with insulin resistance, 
namely miR-486-5p, miR-223-3p, miR-6088, and miR-122-
5p. In the PCOS group, it was found that miR-122-5p had 
the largest difference in the group with insulin resistance. 
A research found that the overexpression of miR-122 in 
the serum of patients with PCOS with impaired glucose 
tolerance was significantly associated with those without 
impaired glucose tolerance, and it is closely related to the 
regulation of insulin signaling pathway (48). Udesen and 
colleagues found that miR-122 was significantly reduced in 
the serum of women with PCOS after metformin treatment, 
and this report also suggests that miR-122 regulation may 
be related to insulin sensitivity (49). These all suggest that 
the regulation of miR-122 is crucial for the diagnosis and 
treatment of PCOS with insulin resistance, but the specific 
mechanism remains confused.

In our research, we have found that miR-122-5p was 
involved in multiple pathways by GO analysis. The analysis 
of biological processes and molecular functions showed that 
miR-122-5p was mainly related to the negative regulation of 
GTPase activity, while the analysis of cellular components 
showed that miR-122-5p was related to chloride channel 
complex, ESCRT complex, and ESCRT 1 complex. The 
KEGG pathway analysis showed that the target genes 
of miR-122-5p were mainly involved in two pathways, 
namely the TCA cycle and the biosynthesis of mucin-
type O-glycans. The protein interaction network database 
analysis found that the target genes G6PC3, ALDOA, 
and CLIC4 were related to each other. The expression of 
miRNA in the human body is affected by many factors, such 
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as intergenerational inheritance (50) and environmental 
factors (51). Based on these results, we need to re-validate 
in ovarian tissue, further explore the effect of miR-122 on 
ovarian function in women with PCOS, and further explore 
the role of miR-122 in animals and cell models. Therefore, 
it is necessary to collect more clinical specimens of patients 
with PCOS to determine the potential mechanism of miR-
122-5p in regulating the insulin resistance pathway and 
participating in the progression of PCOS.
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