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Background and Aims: Polycystic ovary syndrome (PCOS) has a 

largely unknown etiology and is a common heterogeneous endocrine 

disorder in women of reproductive age, characterized by polycystic 

ovaries, hyperandrogenism, insulin resistance, and chronic 

anovulation. MicroRNAs (miRNAs) are small, noncoding RNA 

sequences that negatively regulate gene expression at the post-

transcriptional level. miRNA-103 has been associated with metabolic 

disorders such as obesity and diabetes, which are also associated with 

PCOS. This study aims to describe the different expressions of 

circulating miR-103 in the plasma of PCOS women. 

Materials and Methods: This case-control study includes 25 women 

with PCOS and 25 healthy women. Plasma total RNA was isolated and, 

after polyadenylation, converted to total cDNA. Then, the expression 

level of microRNA-103 was analyzed by quantitative reverse 

transcription-polymerase chain reaction, and SNORD miRNA was 

used as the reference gene. 

Results: Our results indicate that the expression level of miRNA-103 

significantly decreased in the PCOS group compared to healthy 

women, which can be related to the etiology and progression of PCOS 

(p < 0.05). 

Conclusions: Our findings recommend further studies in the larger 

statistical population and more accurate techniques to confirm 

microRNA-103 as a noninvasive diagnosis biomarker. 
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Introduction 

Stein and Leventhal first described polycystic 

ovary syndrome (PCOS) in women without 

menstrual periods and with polycystic ovaries in 

1935. PCOS is a common and heterogeneous 

endocrine disorder in women of reproductive 

age [1, 2]. Across the world, 116 million women 

are involved with this syndrome, which is 

estimated to affect approximately 4-8% of 

women in the community [3]. In Pakistan, about 

half of women of reproductive age were affected 

by PCOS in 2009. According to various 

diagnostic criteria, 4-14% of Iranian women 

have been reported with this syndrome [3, 4]. 

The main features of this chronic ovulation 

syndrome are menstrual irregularity, increased 

serum androgen levels, changes in the  

ratio of LH/FSH, and polycystic ovaries.  

Other symptoms include hirsutism, glucose 

intolerance, diabetes mellitus, and cardio-

vascular disorders, representing endocrine and 

metabolic disorders [5, 6]. Being overweight in 

women with PCOS is more than normal; about 

30-80% of PCOS women are obese [7-9]. 

Given that the etiology of PCOS is unclear, there 

is evidence of the role of environmental, 

chemical, and genetic factors [9]. Besides, 

insulin resistance and obesity have been 

suggested to be associated with this syndrome 

[10]. In addition, having a family history of 

PCOS is considered a decisive risk factor. The 

main evidence of this claim is the high 

prevalence of this syndrome among first-degree 

relatives [2, 11]. 

MicroRNAs (miRNAs) are small noncoding 

endogenous RNA sequences. These single-

stranded sequences are around 22 nucleotides 

long and negatively regulate the expression of 

their target genes. Furthermore, the type of 

expression of the microRNAs in each tissue is 

controlled. They can have an induction or 

inhibitory effect on other miRNAs or play a 

role in a signaling pathway. It is estimated that 

miRNAs can regulate the expression of more 

than 30% of genes and may play a vital 

regulatory role in most biological processes 

[12-14].  

Recent findings showed that miRNAs could be 

detected in specific tissue and circulation [15]. 

These small noncoding RNAs, especially 

extracellular miRNAs (circulating miRNAs), 

have gained more attention as biomarker 

candidates. Therefore, investigating miRNAs in 

serum or plasma might point to the overall 

circumstance of the whole body in different 

conditions. The strengths of circulating miRNAs 

as a biomarker include high stability, selectivity, 

noninvasive, cheap and fast accessibility, and 

specificity for a particular tissue or a specific 

pathology/injury. These characteristics make 

circulating miRNAs predictive and reflective 

biomarkers of disease development or clinical 

diagnosis [16, 17]. Unusual expression of 

circulating miRNAs has been reported in 

numerous metabolic disorders, counting obesity, 

diabetes, and newly, PCOS. It is known that 

circulating miRNAs have a significant role in 

maintaining metabolic homeostasis [18, 19]. 

Therefore, miRNAs show potential for 

regulating the signaling pathways involved in 

PCOS. The role of miRNAs in PCOS 
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pathogenesis and development is not well 

defined and has only been investigated in a few 

studies [18, 20, 21]. 

MiR-103 is a paralog of miR-107, and both 

genes are completely protected in all vertebrates 

[22, 23]. The highest expression of this miRNA 

has been observed in the brain. However, its 

expression in different tissues, as well as human 

serum, has been reported in several studies [22, 

24].  

Literature review and bioinformatics studies 

predict that miR-103/7 will likely regulate the 

body's metabolism [22]. It seems to play its  

role by influencing lipids' metabolism and  

acetyl CoA [22, 25-27]. Also, this miRNA 

indirectly affects peroxisome proliferators-

activated receptor [22, 28], leading to insulin 

resistance in PCOS women. Considering the 

potential role of this miRNA in lipid metabolism 

and its association with overweight and insulin 

resistance, we will compare the expression level 

of circulating miR-103 in PCOS and healthy 

women. To the best of our knowledge, there has 

been no study investigating whether miR-103 

expresses differentially in PCOS women, and 

that could be a potential noninvasive biomarker 

for early diagnosis of PCOS.  

Materials and Methods 

A total of 50 serum samples were collected from 

the peripheral blood of the Iranian women's 

population referred to Yazd Reproductive 

Sciences Institute. Twenty-five serum samples 

from PCOS patients and 25 healthy women 

without any evidence of androgen excess or 

ovulatory dysfunction were included in the 

study. PCOS diagnosing was according to 

Rotterdam Criteria [9]. The mean age of the 

participants in the PCOS group was 28 ± 4.4 

years, and in the healthy group was 28 ± 5.3 

years, and the mean body mass index (BMI)  was 

27.37 ± 3.38 kg/m2 and 25.02 ± 3.87 kg/m2 in 

the patients and healthy group, respectively.  

In this study, 10 mL of peripheral blood was 

received from each patient. The whole blood was 

centrifuged twice, once at 4000 rpm for 10 min, 

then for 15 minutes at 1200 rpm to remove cell 

particles completely, and finally, serum was stored 

at −80 ˚C for further analysis. Total RNA was 

isolated from serum samples using the High Pure 

miRNA Isolation Kit from Roche Company (made 

in Germany). The concentration and purity of the 

extracted RNA were measured by a Nanodrop 

spectrophotometer (ND-1000). MiR-103 Stem-

loop cDNAs were specifically synthesized by ABI 

kit (Applied Biosystems, Carlsbad, CA, USA) 

according to the manufacturer's instructions, by 

specific stem-primer with following sequence: 

5'- GTCGTATGCAGAGCAGGGTCCGAGGTA-3' 

5'-TTCGCACTGCATACGACTCATAG-3'. 

Quantitative reverse transcription-polymerase 

chain reaction (Q-PCR) using SYBR premix Ex 

Taq II kit (Amplicon) was performed for 

evaluating miR-103 and Snord as a reference. 

Aliquots of the reaction mixture with a total 

volume of 25 µl were used for quantitative PCR 

by the following conditions: initial denaturation 

at 95 ˚C for 10 min followed by 40 cycles of  

95 ˚C for 15 s, 60 ˚C for 1 min and 72 ˚C for 45 

s. All PCR experiments were performed in 

duplicate. This experimental study was 

conducted following the Declaration of Helsinki. 

Also, this study was approved by the Ethical 

Committee of Yazd Reproductive Sciences 
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Institute (Code no.: IR.SSU.RSI.REC.1396.8), 

and all the participants signed informed consent 

before their inclusion.  

Statistical analysis  

All statistical analyses were performed using 

SPSS software version 23.0 (SPSS, Inc., 

Chicago, USA). The case and control samples 

were compared using the Mann-Whitney U test. 

The frequency distributions between the two 

groups were analyzed using Fisher's exact test 

and Chi-square analysis. All hypotheses were 

two-sided, and the significant level was 

considered p < 0.05.  

Results 

In this study, we evaluated the expression of 

circulating miR-103 in the plasma of PCOS 

women. The characteristics of all participants in 

this study are summarized in Table 1, including 

25 PCOS and 25 Non-PCOS women. They were 

well-matched in age, and we found no 

differences in serum estradiol levels. However, 

the BMI and serum anti-mullerian hormone 

(AMH) levels were significantly higher in PCOS 

women (p < 0.05). Q-PCR was applied to 

evaluate the expression level of miRNA-103 

relative to the expression of reference miRNA, 

SNORD, which has consistent expression in the 

serum of both groups. A significant decrease in 

the expression of miRNA-103 was observed in 

serum derived from patients with PCOS 

compared with non-PCOS women (p = 0.02) 

(Fig. 1).  

Despite a significant difference between groups 

regarding the expression level of miRNA-103 

and AMH level, the correlation between AMH 

and estradiol with the expression level of 

miRNA-103 in PCOS women was statically 

non-significant at the 0.05 level. Also, any 

significant correlation between age and BMI of 

patients with the expression level of miRNA-103 

in PCOS women was observed. 

 

Table 1. The characteristics and clinical variables of participants in this study 

Characteristics Groups N Mean Std. Deviation p-value 

Age 
PCOS 25 28.08 4.40 

0.29 
Control 25 28.72 5.38 

Body mass index 
PCOS 25 27.37 3.38 

0.026 
Control 25 25.02 3.87 

Estradiol level 
PCOS 25 2846.36 1595.3 0.195 

 Control 25 2140.91 1324.54 

Anti-mullerian hormone level 
PCOS 25 8.8356 4.26 0.010 

 Control 25 4.4524 2.20 

miR-103 expression 
PCOS 25 1229.54 431.05 0.02 

 Control 25 4604.13 4711.09 

PCOS= Polycystic ovary syndrome 
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Table 2. Biological Functions of the Predicted Targets for the miRNA-103, which can be related to the etiology 

and progression of PCOS 

 
Target 

gene 
Full name Function of genes Ref 

Hormone     

Steroid 

hormone 

receptor 

activity 

HSD3B7 

hydroxy-delta-5-

steroid 

dehydrogenase, 3 

beta- and steroid 

delta-isomerase 7 

Encodes an enzyme in liver cells that stimulate the bile 

process, including absorbing fats and fat-soluble vitamins. 

Bile acids are generated from cholesterol in a multi-step 

process. 

[29] 

Metabolism     

Lipoprotein 

LRP1 

low-density 

lipoprotein 

receptor-related 

protein 1 

Encodes a lipoprotein receptor that mediates some cellular 

procedures, containing intracellular signaling, lipid 

metabolism, and removal of apoptotic bodies. 

[30] 

LRP2 

low-density 

lipoprotein 

receptor-related 

protein 2 

This gene constructs a receptor protein named megalin. After 

binding, ligands activate signaling pathways involved in 

cellular development. The role of this gene varies depending 

on the target tissue and the ligand attached. They are also 

involved in many functions containing vitamin absorption, 

immune activities, stress response, and fat metabolism. 

[31, 32] 

LRP1B 

low-density 

lipoprotein 

receptor-related 

protein 1B 

This gene encodes a receptor that functions variably, 

depending on the ligand attached in many cellular processes in 

normal cells and some cancerous conditions. 

[33] 

Insulin 

signaling 

pathway 

ACACA 
acetyl-CoA 

carboxylase alpha 

Encodes a biotin-containing enzyme that involves in fatty acid 

biosynthesis. 
[34, 35] 

CRKL 
CRK like proto-

oncogene 

Encodes a protein kinase with SH2 and SH3 domains and 

activates many kinase signaling pathways, including insulin 

metabolism. 

[36] 

PHKA1 

phosphorylase 

kinase regulatory 

subunit alpha 1 

This kinase is responsible for regulating cellular energy by 

activating glycogen phosphorylase b which catalyzes 

glycogen. 

[37] 

PRKAB2 

protein kinase 

AMP-activated 

non-catalytic 

subunit beta 2 

This gene control cellular energy status by the effect on 

AMPK. 

Non-catalytic subunit of this kinase is involved in lipid and 

carbohydrate biosynthesis. Expression of AMPK was 

observed in cellular stresses, growth, and proliferation. 

[38] 

RPS6KB1 
ribosomal protein 

S6 kinase B1 

This gene involves the serine/threonine kinases system by 

effecting the ribosomal S6 kinase. Includes mTOR signaling 

to stimulate protein synthesis, cellular growth, and 

proliferation. 

[39] 

Response to 

insulin 

stimulus 

Cav1 caveolin-1 

Overexpression in Caveolin-1 is related to miR-103/107 

inactivation in adipocytes and involved in insulin signaling. 

miR-103 was identified as a key factor for insulin sensitivity 

and a novel target for treating type 2 diabetes and obesity. 

[40] 

PI3K 
Phosphoinositide 

3-kinase 

Overexpression of PI3K in oocytes related to premature 

ovarian failure (POF) is one of the symptoms of PCOS 
[41] 

Sexual 

reproduction 
    

Progesterone-

mediated 

oocyte 

maturation 

PGRMC2 

progesterone 

receptor 

membrane 

component 2 

Localized to female reproductive tracts and expressed in the 

oocyte. Essential for the maintenance of a normal female 

reproductive lifespan. 

[42] 

CDC25A 
cell division cycle 

25A 

It is necessary to transfer from G1 to the S phase of the cell 

cycle 

 and to be involved in regulating phosphatase activity, protein 

levels, and protein-protein interactions, especially degraded in 

response to DNA damage. 

[43] 
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Fig. 1. Comparison of miR-103 expression levels between PCOs individuals and healthy women (p = 0.02) 

 

Discussion 

MicroRNAs have been known as novel 

regulatory factors that control many biological 

functions through different signaling pathways, 

including metabolic pathways. New studies have 

revealed that miRNAs could be detected in 

different human body fluids, such as follicular 

fluid and serum. Our finding confirms these 

results [12, 15]. Our knowledge about 

circulating miRNAs, specifically their role 

concerning PCOS is currently at a very early 

stage. Since PCOS is a metabolic disorder, the 

same pathways and miRNAs are likely involved. 

Further studies could help to understand the 

molecular mechanisms behind this heterogenic 

syndrome. Considering the multiple roles of this 

miRNA in regulating involved processes in 

PCOS pathogenesis, its serum expression level 

was measured to understand its molecular 

mechanism. Recently, it has been reported that 

the expression of miR-103 increased in obese 

women with PCOS while it decreased in obese 

women without PCOS, which recommended 

that obesity and androgen concentrations control 

the expression of this miRNA [18, 44, 45]. An 

original study compared the expression of four 

miRNAs: miR-21, miR-27b, miR-103, and miR-

155 in PCOS women with healthy females and 

male controls. Their findings revealed that 

obesity significantly decreases understudied 

miRNAs but leans towards displaying an 

increase in expression in PCOS women [22]. 

However, our result was incompatible with the 

study of Murri and colleagues; this was carried 

out on a larger number of PCOS patients with 

BMI relatively similar to the control group 

[18, 19]. According to the bioinformatics studies  

and original research, miRNA-103 has a role  

in many cellular processes, including the immune 

and inflammatory processes, hormone and 

intermediate metabolic pathways, adipogenesis, 

insulin signaling, and reproduction. Furthermore, 

these processes interact; almost all are involved 
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in PCOS pathogenesis [3, 12, 13, 46]. 

Considering a single miRNA could regulate 

numerous 'target' mRNAs or, in other words, a 

complete metabolic pathway, we could suggest 

some miRNAs like miR-103 and miR-107 

regulate metabolic pathways in PCOS women 

[22, 47-49]. Compared with healthy women, 

serum expression of miR-21 is increased in 

PCOS patients. By targeting LATS1, miR-21 

could prompt PCOS progression and act as a 

novel noninvasive biomarker for diagnosing 

PCOS [50]. 

Conclusion 

These findings significantly extend previous 

results and show that serum levels of miRNA-

103 were PCOS-specific and could be used to 

distinguish between PCOS patients and healthy 

women [51]. Therefore, it is valuable to suggest 

that investigating PCOS-specific miRNAs 

could raise the sensitivity and specificity of a 

PCOS diagnosis. In addition, these results can 

provide advantageous information about the 

etiological causes of this multifactorial 

syndrome to researchers and scientists. 
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