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Abstract MicroRNAs (miRNAs) are small, endogenous,

non-coding, single stranded RNAs which play a role in the

regulation of gene expression and function. Therefore, the

analysis of differentially expressed miRNAs are of great

importance in disease diagnosis. This study is focussed on

the differential expression of miRNAs in serum of PCOS

subjects compared to control and their correlation with

metabolic and endocrine parameters. Anthropometry, hor-

mone concentrations and biochemical characteristics were

measured in healthy (n = 20) and PCOS (n = 20) subjects.

MiR-24, miR-29a and miR-502-3p were determined in

serum by quantitative RT-PCR. The levels of miR-24 was

significantly decreased in PCOS subjects (P = 0.00) com-

pared to control. No significant difference was observed in

the levels of miR-29a and miR-502-3p in PCOS and con-

trol subjects. MiR-24 showed significant inverse correla-

tion with BMI, glucose, insulin, FIRI, HOMA, LH,

testosterone, TG, and LH:FSH ratio whereas HDL levels

showed significant positive association with miR-24 and

miR-29a. LH showed significant negative association with

miR-29a. No correlation was observed between the

expression of miR-502-3p with any of the studied param-

eters. The receiver operating characteristic curve for miR-

24 alone showed a significant discriminative capacity. The

study suggests that serum miR-24 analysis in PCOS

patients could be of diagnostic value that can be used as a

biomarker for PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a multifactorial,

metabolic, endocrine and reproductive health disorder

which affects 6–15% of global women population [1].

PCOS patients have characteristic features like acne, hir-

sutism, alopecia, amenorrhea, chronic oligo-anovulation,

and morphologically abnormal ovaries with numerous

small follicular cysts [1]. PCOS patients display hyperan-

drogenism, obesity, hypertension and insulin resistance.

MicroRNAs (miRNAs) are short (20–24 nucleotides

long), endogenous, non-coding, single stranded RNAs that

are involved in post-transcriptional regulation of gene

expression. MiRNAs perform various regulatory functions

and modulate biological pathways concerned with cell

proliferation, differentiation, survival, apoptosis, stress

response, biosynthesis and release of hormones [2]. MiR-

NAs are stable, with half-life of about 24 h at room tem-

perature and can be detected easily by quantitative reverse

transcriptase polymerase chain reaction [3]. Therefore,

miRNA profiling serves as a potential non-invasive bio-

marker for disease diagnosis. Studies show that the levels

of miRNAs in serum are varied in PCOS subjects com-

pared to normal subjects [4–8]. The analysis of differen-

tially expressed miRNAs in PCOS subjects is suggested to

be useful not only as a biomarker but also in the disease

prognosis and therapy [9]. Studies have found that the

expression of miR-24-3p, -29a, -151-3p, and -574-3p in

follicular fluid are downregulated in women with PCOS

[10] while miR-502-3p is increased in type 1 diabetic
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patients [11], miR-502-3p targets genes which regulate

lipid metabolism, adipogenesis and androgen biosynthesis

[9, 12]. The present study was therefore undertaken to

elucidate the serum levels of miR-24, miRNA-29a and

miR-502-3p in PCOS patients and the relationship between

miRNAs with hormone levels and some parameters of

clinical relevance.

Materials and Methods

Subject Selection

Forty subjects (control = 20 and PCOS = 20) between 18

and 40 years visiting the Rajah Muthiah Medical College

and Hospital (RMMC & H), Annamalai University,

Annamalainagar, Tamil Nadu, India were recruited for this

study.

Inclusion and Exclusion Criteria for Selecting

Control Subjects

Twenty age-matched healthy non-PCOS women, with no

medications, without hirsutism and who have pre-

dictable regular menstrual cycles were included in the

study. Subjects under therapy for any other disorders were

excluded from the study.

Inclusion and Exclusion Criteria for PCOS

Female subjects diagnosed with hyperandrogenism,

oligomenorrhoea, amenorrhoea and ovulatory dysfunction

were included in the study. Subjects who were pregnant

and have used any hormonal preparations or contraceptives

were excluded from the study.

The study was approved by Institutional Human Ethics

Committee, Annamalai University. Written informed con-

sents were obtained from the patients prior to the study.

The subjects were diagnosed with PCOS according to the

revised 2003 Rotterdam criteria, out of the listed three

criteria two are required to be fulfilled. They are: (1) oligo

and/or anovulation (inter-menstrual interval 35 days and or

presence of eight cycles per year), (2) clinical and/or bio-

chemical evidence of hyperandrogenism, hirsutism, pres-

ence of multiple cysts (10 small [2–8 mm in diameter each]

in one or both ovaries or ovarian volume of 410 ml on

USG) and (3) increased luteinizing hormone (LH)-follicle

stimulating hormone (FSH) concentration ratio. Control

and PCOS patients were recruited from January 25, 2016.

None of the women had taken any medications, including

hormonal contraceptive, vitamin supplements or any other

drug therapy for the previous 6 months. None of them were

alcoholics or smokers and did not suffer from any other

illnesses.

Sample Collection and Preparation

Fasting blood samples were collected from healthy subjects

and PCOS patients by venipuncture of antecubital area

during their early follicular phase of menstrual cycle (days

3–5) undergoing normal menses. Blood samples were

allowed to clot at room temperature for 1 h at 4 �C. Serum
was separated by centrifugation at 30009g for 15 min and

stored at - 20 �C until further analysis.

Serum Analysis and Anthropometric Examinations

Serum FSH, LH, thyroid stimulating hormone (TSH),

testosterone and prolactin were estimated by Semi Auto-

mated Chemiluminescence Plate Analyzer (Acculite CLIA

kit, Lilac Medicare Pvt. Ltd., India). Packed cell volume

(PCV) and haemoglobin (Hb) were analyzed using com-

pletely automated Sysmex Hematology Analyzer (Japan).

Fasting blood glucose and insulin were measured using

Erba chem 7 kit (Erba Mannhein, India). Primers for real

time PCR were obtained from Sigma-Aldrich Pvt. Ltd. (St

Louis, MO, USA).

Anthropometric parameters such as weight (kg) and

height (metres) were measured to assess the body mass

index (BMI). Insulin resistance was assessed by calculating

the homeostasis model assessment insulin resistance

(HOMA-IR) [13], quantitative insulin sensitivity check

index (QUICKI) [14] and fasting insulin resistance index

(FIRI) [15].

Extraction of Circulating miRNAs

Circulating miRNAs were extracted from serum using

commercial miRNeasy Serum Kit (Qiagen, Hilden, Ger-

many) according to the manufacturer’s instructions. Briefly

to 200 lL of serum sample 1 mL of QIAzol reagent was

added and vortexed, followed by the addition of equal

volume of chloroform. The tubes were mixed vigorously

and centrifuged at 12,0009g for 15 min at 40 �C. The

upper aqueous phase obtained was transferred to a new

collection tube, 1.5 mL of 100% ethanol, buffer was added

and centrifuged. The extracted sample was allowed to spin

through column and dried. Finally, total miRNA was eluted

using 14 lL of RNase-free H2O. The purity and concen-

tration of miRNA was evaluated using nanoPhotometer

P 330 (Implen, U.K, Inkarp instrument Pvt. Ltd.,

Hyderabad).
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cDNA Synthesis and Validation of miRNA

Expression Using Quantitative Real-Time PCR

One microgram of total miRNA was reverse transcribed to

cDNAusing themiScript IIRTKit (Qiagen,Hilden,Germany).

The reaction mixtures were incubated for 60 min at 37 �C, for
5 min at 95 �C. PCR amplification of target genes was per-

formed using real-time PCR system (Eppendorf, Hamburg,

Germany) with 20 lL of total reaction mixture comprised of

2 lL reverse transcription product, 1 lL each of 50 pM for-

ward and reverse primers and 10 lL SYBR green master mix.

Nuclease free water was used for adjusting the volume. The

optimum conditions for thermocycling were as follows: initial

denaturation 95 �C for 3 min, annealing 60 ± 3 �C for 30 s

andextension60 �Cfor30 s for 40cycles.ThemiRNAprimers

used for real time PCR are as follows: miR-24 sense (50 ? 30):
CTCCCGTGCCTACTGAGCT, antisense (50 ? 30):
CCCTGTTCCTGCTGAACTGAG [16]. MiR-29a sense

(50 ? 30): TAGCACCATCTGAAATCGGTTA, antisense

(50 ? 30): TAACCGATTTCAGATGGTGCTA [17]. MiR-

502-3p sense (50 ? 30): CAGTGCGTGTCGTGGAGT, anti-
sense (50 ? 30): GGAATGCACCTGGGCA [9]. RNU6 sense

(50 ? 30): CTCGCTTCGGCAGCACA antisense (50 ? 30):
AACGCTTCACGAATTTGCGT. The relative expression of

eachmiRNA in controls and PCOS groupwas calculated using

DCT = CT miRna - CTRnu6 and DDCT = DCT case –DCTcontrol.

Fold change of miRNAs in PCOS with respect to control was

calculated using 2�DDCT [18].

Statistical Analysis

Statistical analyses were performed using SPSS, software ver-

sion 20.0 for Windows (SPSS Inc, Chicago, IL, USA). Sig-

nificant differences in means between the control and PCOS

subjects for blood parameters and the levels of miRNAs were

analyzed using Student’s unpaired t test. P value\0.01 was

considered to be significant. Correlation between the expres-

sion of miRNAs with metabolic parameters was determined

using Pearson correlation test (P value\0.05 was considered

to be significant). Receiver operating curve (ROC) analysiswas

performedbyplotting ‘sensitivity’ against ‘1-specificity’ for the

delta threshold values (DCT) of control and PCOS subjects at

95% confidence interval (CI).

Results

Anthropometric Characteristics and Biochemical

Parameters

The anthropometric characteristics, other parameters and

biochemical findings of control and PCOS subjects are

presented in Table 1. Body weight, glucose, insulin,

HOMA-IR, FIRI, LH, LH:FSH ratio, testosterone and TG

were found to be significantly higher whereas QUICKI and

FSH values were significantly lower in PCOS subjects

compared to control. No significant differences were

observed in Hb, PCV, prolactin, TSH and low density

lipoprotein-cholesterol (LDL-C) levels between the two

groups.

Circulating miRNAs

The levels of miR-24, miR-29a, miR-502-3p in PCOS and

control groups are presented in Table 2. MiR-24 expres-

sion in PCOS group was significantly decreased (P =0.00)

compared to the control. No significant difference was

observed in the expression of miR-29a and miR-502-3p in

PCOS and control subjects. The fold change of miR-24,

miR-29a and 502-3p was found to be 0.35, 1.01 and 2.11 in

PCOS subjects with respect to control (Table 2). Box and

whisker plots represent the expression of miRNAs (Fig. 1).

The upper and lower extreme line represents 5th and 95th

percentiles. The horizontal line within the box represents

the 50 percentile of the expression of miRNAs in control

and PCOS subjects. Any data beyond these whiskers are

shown as cycles and star.

Validation of miRNAs

The area under the curve (AUC) was calculated using

receiver operating characteristic (ROC) curve to evaluate

the diagnostic value of miRNAs. Sensitivity = 1-specificity

is represented by the diagonal line from bottom left to the

top right. An ROC curve lying on the upper left quadrant

above the diagonal line reflects the greater discriminant

capacity of the diagnostic tests where as an ROC curve

lying at the bottom right quadrant below the diagonal line

reflects no discriminant capacity of the diagnostic tests.

AUC for miR-24 was found to be 0.87 (95% CI 0.74–1.0,

P = 0.001). The ROC curve lies towards the upper left

quadrant and thus reflects a good diagnostic value. AUC

for miR-29a was 0.65 (95% CI 0.44–0.87, P = 0.17) and

the ROC curve lies almost closer to the diagonal and

showed no significant difference, thus reflecting no diag-

nostic value and AUC for miR-502-3p observed was 0.42

(95% CI 0.18–0.65, P = 0.48), the ROC curve along the

diagonal line showing no significant difference, thus

reflecting no diagnostic value (Fig. 2).

Correlation Analysis Between the Expression

of miRNAs and Metabolic Variables

To examine the relationship between the levels of miRNAs

and the clinical metabolic features of PCOS patients,
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correlation analysis was done. MiR-24 showed significant

inverse correlation with BMI (R = - 0.46, P\ 0.01),

glucose (R = - 0.48, P\ 0.01), insulin (R = - 0.57,

P\ 0.002), FIRI (R = - 0.52, P\ 0.006), HOMA-IR

(R = - 0.57, P\ 0.002), LH (R = - 0.54, P\ 0.004),

testosterone (R = - 0.62, P\ 0.001), TG (R = - 0.48,

P\ 0.012), and LH:FSH ratio (R = - 0.44, P\ 0.024)

(Table 3 and Fig. 3) and significant positive association

with high density lipoprotein-cholesterol (HDL-C)

(R = 0.66, P\ 0.00). MiR-29a showed significant positive

association with HDL-C (R = 0.46, P\ 0.01) and signifi-

cant negative association with LH (R = -0.48, P\ 0.01)

(Table 3 and Fig. 3). No correlation was observed between

LDL-C levels and miR-29a, and miR-24. The levels of

miR-502-3p did not show correlation with any of the

studied biochemical parameters (Table 3).

Discussion

The findings of the present study reveal that the serum

levels of miR-24 is lowered in PCOS subjects and could be

of diagnostic value. This miRNA showed negative asso-

ciation with BMI, glucose, insulin, HOMA-IR, FIRI, LH,

testosterone, TG and LH:FSH ratio and positive association

with HDL-C levels. However, there were no significant

Table 1 Anthropometric

characteristics, biochemical

parameters and hormone levels

of PCOS and control subjects

Parameters Control (n = 20) PCOS (n = 20) P value

Age (years) 25.15 ± 4.12 28.35 ± 7.45 0.10

Weight (kg) 52.89 ± 5.76 74.11 ± 10.55 0.00

Height (m) 1.55 ± 0.06 1.53 ± 0.06 0.29

BMI (kg/m2) 22.02 ± 2.64 32.16 ± 4.93 0.00

Hb (g/dL) 15.17 ± 2.17 14.76 ± 1.93 0.53

PCV 37.46 ± 3.44 37.37 ± 2.81 0.92

Glucose (mmol/L) 4.37 ± 0.46 6.28 ± 1.06 0.00

Insulin (lU/mL) 10.00 ± 1.38 24.66 ± 4.07 0.00

HOMA-IR 1.93 ± 0.28 6.87 ± 1.54 0.00

QUICKI 0.34 ± 0.008 0.27 ± 0.06 0.00

FIRI 31.40 ± 4.57 110.58 ± 31.49 0.00

LH (mIU/mL) 5.54 ± 0.97 11.00 ± 2.40 0.00

FSH (mIU/mL) 6.24 ± 1.49 4.62 ± 1.99 0.006

LH:FSH 0.90 ± 0.14 2.76 ± 1.09 0.00

Testosterone (nmol/L) 1.61 ± 0.45 3.52 ± 0.90 0.00

Prolactin (ng/mL) 16.23 ± 2.3 16.69 ± 2.62 0.55

TSH (nmol/L) 2.40 ± 0.60 2.09 ± 0.99 0.23

TG 54.35 ± 6.95 303.20 ± 165.84 0.00

LDL-C 107.18 ± 17.92 119.96 ± 30.89 0.11

HDL-C 50.95 ± 5.75 33.35 ± 4.38 0.00

Statistical analysis was performed by Student’s unpaired t test. Values are expressed as mean ± SD.

Parameters with significant differences in means (P\ 0.01) are marked in bold

Table 2 The expressions of serum miRNAs in control and PCOS subjects and relative expression in PCOS subjects with respect to control. DCT

and 2�DCT values are represented as mean ± SD

miRNAs Control PCOS Relative changes in gene

expression compared to

control (2�DDCT )

P value

DCT 2�DCT Median DCT 2�DCT Median

miR-24 3.29 ± 0.95 0.12 ± 0.06 1.29 9 10-1 4.85 ± 0.84 0.04 ± 0.02 3.74 9 10-2 0.53 0.00*

miR-29a 5.16 ± 1.21 0.038 ± 0.03 2.40 9 10-2 6.17 ± 1.67 0.013 ± 0.31 1.19 9 10-2 1.01 0.15 (NS)

miR-

502-3p

2.53 ± 1.39 0.24 ± 0.18 1.89 9 10-1 2.05 ± 0.91 0.29 ± 0.21 2.34 9 10-1 2.11 0.56 (NS)

miR, microRNA; DCT = CT miRCase - CT Rnu6; 2
�DCT , expression of miRNAs; NS, not significant; Significant at P*\ 0.01
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Fig. 1 Box and whisker plots for the expression levels of miR-24,

miR-29a and miR-502-3p in control and PCOS group. The upper and

lower extreme line represents 5th and 95th percentiles. The horizontal

line within the box represents the 50 percentile of the expression of

miRNAs in control and PCOS subjects. Any data beyond these

whiskers were shown as cycles and star

Fig. 2 Receiver operating curve (ROC) analysis by plotting ‘sensi-

tivity’ against ‘1-specificity’ for the delta threshold values (DCT) of

miR-24, miR-29a miR-502-3p. The Area under curve (AUC) values

gives the information to discriminate PCOS from healthy control.

P significant at\ 0.05

Table 3 Correlation analysis

between the expression of

miRNAs with the clinical

parameters

Parameters miR-29a miR-24 miR-502-3p

r P value r P value r P value

BMI - 0.35 0.07 - 0.46 0.01** 0.20 0.32

Glucose - 0.27 0.16 - 0.48 0.01** 0.17 0.39

Insulin - 0.29 0.13 - 0.57 0.002* 0.12 0.55

HOMA-IR - 0.31 0.12 - 0.57 0.002* 0.16 0.43

QUICKI 0.16 0.42 0.37 0.06 - 0.004 0.98

FIRI - 0.28 0.16 - 0.52 0.006* 0.14 0.48

LH - 0.48 0.01* - 0.54 0.004* - 0.09 0.64

FSH - 0.06 0.76 0.36 0.07 - 0.32 0.10

LH:FSH ratio - 0.20 0.30 - 0.44 0.02** 0.03 0.85

Testosterone - 0.29 0.14 - 0.62 0.001* 0.07 0.70

TG - 0.16 0.42 - 0.48 0.01** 0.36 0.06

LDL-C - 0.02 0.89 - 0.002 0.99 0.24 0.22

HDL-C 0.46 0.01* 0.66 0.00* - 0.07 0.71

Pearson correlation test between the expression of selected miRNAs with metabolic parameters. P*\ 0.01

and **\ 0.05 were considered to be significant
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changes in the levels of miR-29a and miR-502-3p between

PCOS patients and control subjects and no significant

association was found between the studied parameters with

the miR-502-3p and miR-29 except for the finding that

miR-29a showed negative association with LH and posi-

tive association with HDL-C.

MicroRNAs are known to regulate the target gene

expression through post-transcriptional mechanisms.

MiRNAs bind within the 30-untranslated region (UTR) of

the target mRNAs and either repress the translation of the

target mRNA or degrade the mRNA by cleaving it. A

single miRNA may have several target mRNAs and thus

can regulate various cellular processes [3].

In this study, PCOS subjects had decreased levels of

miR-24. MiR-24 is shown to regulate several processes like

steroid hormone biosynthesis [10] and estradiol home-

ostasis [5]. Cytochrome P450 family 11A1 (CYP11A1) is a

known target for miR-24, a key enzyme involved in

biosynthesis of steroid hormones [10]. Decrease in the

levels of miR-24 in PCOS patients may lead to increased

expression of CYP11A1 and thereby the synthesis of

androgen could be enhanced. Increased miR-24 levels has

been found to be involved in regulation of estradiol

homeostasis by decreasing TGF-b signaling by supressing

the expression of smad proteins [19], also the ovarian

folliculogenesis is regulated by TGF-b signaling [20]. The

estradiol homeostasis might be dysregulated due to the

decreased expression of miR-24 and thereby ovarian fol-

liculogenesis is disrupted in PCOS.

All PCOS women in present study were found to be

hyperglycemic and insulin resistant. Elevated levels of both

insulin and glucose are considered a hallmark in the

development of type 2 diabetes. An inverse association

between the expression of miR-24 with glucose, insulin,

HOMA-IR and FIRI is suggestive of the role of miRNAs in

the maintenance of glucose homeostasis. The qRT-PCR

validation report showed the decreased levels of miR-24 in

PCOS subjects compared to control. AUC for miR-24 was

found to be 0.87 (95% CI 0.74–1.0, P = 0.001) which is

significant showing its potential diagnostic value. Melkman

et al. [21] found that miR-24 level in plasma of type 2

diabetic patients was significantly lower than that in heal-

thy controls and the insulin promoter activity was found to

be down-regulated by miR-24 thereby resulting in the

reduction in insulin mRNA levels. Taken together, it can be

concluded that the reduction in miR-24 in PCOS could be

responsible for the combined ovarian function and insulin

resistance in them.

Members of miR-29 family are predicted to function as

inhibitors of numerous mRNAs that are involved in

extracellular matrix (ECM) production, fibrosis [22, 23]

and cell differentiation [24]. Specifically for miR-29a,

androgen receptor (AR), StAR related lipid transfer protein

3 (STARD3) and insulin receptor substrate-1 (IRS-1) are

reported as targets. Among these, AR and STARD3 are

involved in ovarian steroidogenesis while IRS-1 is

involved in insulin signaling. In insulin resistant L6 myo-

cytes increased miR-29a has been identified by targeting

30-UTR of IRS-1 which represses IRS-1 expression [25]. A

study by Sorensen et al. [10] found that down-regulation of

the miR-29a family in PCOS patients and its specific target

genes are associated with folliculogenesis in PCOS patients

leading to ovarian malfunction.

The levels of miR-29a in our study was found to be

decreased. However significant difference between the

control and PCOS group was not observed. Further no

correlation was observed between the expression of miR-

29a and studied glycaemic indices except that a negative

association with levels of LH was found. MiR-29a may

have regulatory role in the synthesis of LH which needs to

be studied further.

MiR-502-3p has several target genes such as cyto-

chrome P450 17a-hydroxylase/17, 720-lyase (CYP17) [9],

cAMP response element binding protein regulated tran-

scription coactivator 1 (CREB-CRTC1), rho/rac guanine

nucleotide exchange factor (FGD1), chemokine C–C motif

ligand 8 (CCL8) and StAR-related lipid transfer domain

protein 8 (STARD8) which are involved in fat metabolism

and/or adipogenesis [12]. Up-regulation of miR-502-3p has

been reported in sera of type 1 diabetic patients [11]. In our

study the levels of miR-502-3p are increased but the

increase was not significant between the control and PCOS

group. Also, no correlation in our study was observed

between the expression of miR-502-3p with any of the

studied parameters.

All the PCOS women were insulin resistant and hyper-

androgenic and they were newly diagnosed (less than a

year) with the disease and are in the early stage of the

disease. It is possible that in the course of the progression

of the disease miR-29a and miR-502-3p could be altered.

Thus, the role of miR-29a and miR-502-3p in the patho-

physiology and progression of the disease needs to be

further investigated.

From these findings, it can be speculated that miR-24

plays a key role in the pathophysiology of PCOS and

metabolic risks such as insulin resistance, type 2 diabetes

and hormonal changes. The expression of genes involved

in steroidogenesis and glucose homeostasis could be per-

turbed since the correlation analysis demonstrated the

bFig. 3 Pearson correlation plots for the expression levels (2�DDCT ) of

miRNA-24 with BMI, glucose, insulin, HOMA, FIRI, LH, LH:FSH

ratio, testosterone, TG, HDL-C and miRNA-29a with LH and HDL-C

in the groups studied. ‘‘r’’ values represents the correlation coeffi-

cients in the scatter plots diagram. P significant *\ 0.01 and **\ 0.05
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Fig. 3 continued
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influence of LH, testosterone, LH:FSH ratio and TG on the

expression of miR-24 and LH alone on miR-29a. Although

hyperglycaemia is a contributor of the deranged miR-24

levels [26], miR-24 can be used as a biomarker for PCOS

when correlated with other characteristic clinical parame-

ters and phenotypic changes in PCOS women. The limi-

tations of this study are small sample size and selection of

three specific miRNAs since several miRNAs are differ-

entially expressed in PCOS. Nevertheless, the results of

this preliminary study are important which pave way for

future studies with larger sample size.

Conclusion

Among the three miRNAs examined, the expression of

miR-24 is decreased in PCOS subjects compared to con-

trol. The AUC for miR-24 showed a significant difference

and displayed a potent diagnostic value. The association of

metabolic variables and hormone levels with miR-24 sug-

gests that this miRNA may be involved in pathophysiso-

logical changes displayed in PCOS patients.
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