
Supplemental Table S3: Changes in miRNA levels in polycystic ovary syndrome (PCOS). 

MiRNA Identified 
in 
tissue/cell 

Species 
 

MiRNA expression in 
PCOS 

References 
 

miRNA-9, miRNA-18b, 
miRNA-32, miRNA-34c 
and miRNA-135a 

Follicular 
fluid  

Human Increased expression in 
PCOS 

Roth et al, 
2014 

miRNA-132, miRNA-320 
and miRNA-320a 

Follicular 
fluid, 
granulosa 
cells 

Human Sang et al (2013) 
reported decreased 
expression of miRNA-
132 and miRNA-320 in 
PCOS follicle fluid 
samples; these two 
miRNAs have been 
implicated in the 
regulation of estradiol 
levels in follicular fluid. 
Likewise, Zhang et al 
(2017) demonstrated 
that miRNA-320a 
expression was 
significantly attenuated 
in primary granulosa 
cells (GCs) from PCOS 
patients and this loss of 
miRNA-320a 
contributes to estrogen 
deficiency in IGF-1-
stimulated GCs. 
Furthermore, evidence 
is provided showing that 
dysregulation of miRNA-
320a/RUNX2/CYP11A1 
(CYP19A1) cascade 
plays a crucial role in 
the pathogenesis of 
estrogen deficiency in 
human PCOS granulosa 
cells.   

Sang et al, 
2013; 
Zhang et al, 
2017 

miRNA-320 and miRNA-
383 

Follicular 
fluid and 
granulosa 
cells 

Human Increased expression in 
follicular fluid and 
granulosa cells. MiRNA-
320 is implicated in the 
regulation of expression 
and function of E2F1 
and SF-1 in PCOS 
patients. 

Yin et al, 
2014 

miRNA-21, miRNA-27b, 
miRNA-103 and miRNA-
155 

Blood Human Obesity reduced the 
expression of these four 
miRNAs in control 

Muri et al, 
2013 



women and men but 
increased their 
expression in women 
with PCOS. 

miRNA-10b, miRNA-208, 
miRNA-20b-5p, miRNA-
222, miRNA-24, miRNA-
26b, miRNA-32, miRNA-
338, miRNA-338*, 
miRNA-379c, miRNA-
379*, miRNA-382*, 
miRNA-412, miRNA-489, 
miRNA-539, miRNA-543, 
miRNA-652, miRNA-877, 
miRNA-9*, miRNA-99*, 
miRNA-132, miRNA-182, 
miRNA-183, miRNA-184, 
miRNA-31, miRNA-384-
3p, miRNA-466c, miRNA-
770 and miRNA-96.  

Ovaries 
from control 
and DHT 
treated rats 
(rat PCOS 
model) 

Rat This study found 
significant changes in 
miRNA content in the 
ovary from PCOS rats 
versus control rats; 17 
miRNAs were 
upregulated and 72 
downregulated. 
Differentially expressed 
miRNAs listed in blue 
were upregulated and 
miRNAs listed in green 
were downregulated in 
ovaries from DHT-
treated rats (rat PCOS 
model) with a fold 
change of > 2.  Only 
three miRNAs, miRNA-
9, miRNA-32, and 
miRNA-489 were found 
to be increased in both 
PCOS patients and 
DHT-PCOS rat model. 

Hossain et 
al, 2013 

miRNA-30c, miRNA-146a 
and miRNA-222 

Serum Human Increased expression in 
PCOS; miRNA-146a 
was negatively 
associated with serum 
testosterone 

Long et al, 
2014 

miRNA-592, miRNA-124-
3p, miRNA-128, miRNA-
29-3p, miRNA-16, 
miRNA, miRNA-106b, 
miRNA-19a, miRNA-24, 
miRNA-186, let-7c and 
miRNA-1228. 

Serum Human All listed miRNAs 
showed decreased 
expression in PCOS 
serum samples; an 
inverse correlation was 
observed between 
miRNA-592 and the 
levels of luteinizing 
hormone/ chorionic 
gonadotropin receptor 
(LHCGR). 

Song et al, 
2015 

miRNA-483 and miRNA-
486-5p 

Cumulus 
granulosa 
cells and 
ovary cortex 

Human Decreased expression 
of miRNA-483 and 
miRNA-486-5p in 
cumulus cells from 
PCOS patients. Xiang et 
al (2016) reported 
significant down 

Shi et al, 
2015; Xiang 
et al, 2016 



regulation of miRNA-
483 in lesion ovary 
cortex from PCOS 
patients. 

miRNA-513a-3p, miRNA-
508-3p, miRNA-513b, 
miRNA-514, miRNA-509-
5p, miRNA-144, miRNA-
510, miRNA-509-3p, 
miRNA-508-5p, miRNA-
151-3p, miRNA-720, 
miRNA-720, miRNA-615-
3p, miRNA-127-3p, 
miRNA-455-3p, miRNA-
342-3p, and miRNA-654-
3p  

Cumulus 
granulosa 
cells 

Human MiRNAs listed in blue 
were upregulated and 
miRNAs listed in green 
were downregulated in 
cumulus cells from 
patients with PCOS 

Liu et al, 
2015 

miRNA-93 and miRNA-
107 

Ovarian 
cortex 

Human Increased expression of 
miRNA-93 and miRNA-
107 in PCOS 

Jiang et al, 
2015 

miRNA-423-3p, miRNA-
3651, miRNA-3653, 
miRNA-151b, miRNA-
1273g-3p, miRNA-590-5p, 
miRNA-3648, miRNA-
7845-5p, miRNA-27a-5p, 
miRNA-1275, miRNA-
483-3p, miRNA-7-5p, 
miRNA-483-5p, miRNA-
10a-5p, miRNA-184, 
miRNA-619-5p, miRNA-
513b-5p, miRNA-1307-5p, 
miRNA-4516, miRNA-
1307-3p, miRNA-514b-5p, 
miRNA-3529-3p, miRNA-
7974, miRNA-3065-5p, 
miRNA-214-3p, miRNA-
200a-3p, miRNA-203a, 
miRNA-4732-5p, miRNA-
423-5p, let-7a-3p, miRNA-
3184-5p, miRNA-548n, 
miRNA-221-3p, miRNA-
149-5p, miRNA-1298-5p, 
miRNA-193a-3p, miRNA-
365a-3p, miRNA-219a-1-
3p, miRNA-550b-2-5p, 
miRNA-144-5p, miRNA-
660-5p, miRNA-548e-3p, 
miRNA-652-3p, miRNA-
222-3p, miRNA-506-5p, 
miRNA-193a-5p, miRNA-
210-5p, miRNA-365b-5p, 

Cumulus 
granulosa 
cells 

Human 21 MicroRNAs showed 
increased expression 
(listed in blue) and 38 
miRNAs exhibited 
decreased expression 
(listed in green) in 
PCOS 

Xu et al, 
2015 



miRNA-330-3p, miRNA-
223-3p, miRNA-186-5p, 
miRNA-185-5p, miRNA-
92b-3p, miRNA-199b-3p, 
miRNA-766-5p, miRNA-
15b-3p, miRNA-339-5p, 
miRNA-3960 and miRNA-
766-3p.    

miRNA-24-3p, miRNA-
29a, miRNA-151-3p, 
miRNA-574-3p and 
miRNA-518-3p 

Follicular 
fluid 

Human Compared to control 
group, expression of 
four miRNAs, MiRNA-
24-3p, miRNA-29a, 
miRNA-151-3p, and 
miRNA-574-3p 
significantly reduced in 
both hyperandrogenic 
PCOS and normo-
androgenic PCOS. In 
contrast, the expression 
of miRNA-518f-3p was 
upregulated in both 
hyperandrogenic PCOS 
and normo-androgenic 
PCOS as compared to 
control group. MirRNA-
151-3p expression was 
negatively correlated 
with total and free 
testosterone in the total 
study group, whereas 
miRNA-518f-3p 
expression was 
significantly correlated 
with increased total and 
free testosterone with 
entire study group 
especially in PCOS 
subjects. Likewise, the 
levels of precursor 
androgens, 
androstenedione and 
DHEAS were strongly 
associated with miRNA-
518f and miRNA-29a, 
respectively. FSH levels 
were negatively 
correlated with both 
miRNA-320a as well as 
miRNA-518f-3p in 
PCOS patients.    

Sørensen et 
al, 2016a 

miRNA-30a, miRNA-140 Follicular Human Increased expression of Scalici et al, 



and let-7b fluid miRNA-30a and 
decreased expression 
of miRNA-140 and let-
7b in PCOS.  

2016 

miRNA-135b-5p, miRNA-
152, miRNA-193a-3p, 
miRNA-194-5p, miRNA-
196a-5p, miRNA-200b-3p, 
miRNA-423-3p, miRNA-
454-3p, miRNA-455-5p, 
miRNA-4659a-3p, 
miRNA-509-3-5p, miRNA-
509-3p, miRNA513b-5p, 
miRNA-652-5p, miRNA-
95, miRNA-1273e, and 
miRNA-3940-5p 

Cumulus 
granulosa 
cells 

Human 16 MiRNAs (listed in 
blue) exhibited 
increased expression 
and one miRNA (listed 
in green) showed a 
decreased expression in 
cumulus cells derived 
from ovaries of patients 
with PCOS; among the 
miRNAs, miRNA-509-3p 
improves estradiol 
secretion by attenuating 
the expression of 
MAP3K8. 

Huang et al, 
2016 

miRNA-27a-3p Granulosa 
cells 

Mouse Increased expression of 
miRNA-27-27a-3p in 
granulosa cells from 
mouse model of 
polycystic ovary 
syndrome (prenatal 
androgen treated mice). 
It promotes estradiol 
and androgen 
imbalance by impacting 
Creb1 and its 
downstream target, 
Cyp19a1 to inhibit 
estradiol production.   

Wang et al, 
2017 

miRNA-93 and miRNA-21 Granulosa 
cells, 
follicular 
fluid, and 
serum 

Human The authors compared 
the expression levels of 
miRNA-93 and miRNA-
21 in normo-androgenic 
(NA) and 
hyperandrogenic (HA) 
PCOS patients and 
healthy control subjects. 
In granulosa cells, 
miRNA-93 and miRNA-
21 exhibited increased 
levels In HA patients 
compared to NA 
patients. In contrast, 
levels of both miRNAs 
significantly decreased 
in HA PCOS patients 
compared to control 
subjects. No significant 

Naji et al, 
2017 



changes were noted in 
the serum expression 
levels of either miRNA 
in three groups.   

miRNA-200a-3p, miRNA-
10b-3p, miRNA-200b-3p, 
miRNA-29c-3p, 
miRNA99a-3p, miRNA-
125a-5p, and miRNA-105-
3p 

Follicular 
fluid 

Human The authors reported 
that 263 miRNAs were 
significantly different in 
follicular fluid samples 
from patients with 
PCOS compared to 
normal subjects. Among 
these, 177 miRNAs 
were upregulated, and 
86 miRNAs were down-
regulated. qPCR 
measurements 
confirmed that the 
expression of all the 
listed miRNAs except 
miRNA-105-3p was 
upregulated in the 
PCOS follicular fluid 
samples.    

Xue et al, 
2017 

miRNA-26a-5p, miRNA-
30c-5p, miRNA-34c-5p, 
miRNA-107, miRNA-126-
5p, miRNA-142-3p, 
miRNA-151a-5p, miRNA-
199a-3p, miRNA-340-3p, 
miRNA-512-5p, miRNA-
548d-3p, miRNA-597, 
miRNA-598, miRNA-
1468, miRNA-1539, 
miRNA-154-5p, miRNA-
193a-3p, miRNA-224-3p, 
miRNA-760 and miRNA-
1207-5p 

Serum Human Thirty-eight miRNAs 
showed differences in 
their expression pattern 
between women with 
PCOS, control women 
and control men. 
Among these, 15 PCOS 
miRNAs shared an 
expression pattern that 
was like women with 
PCOS (5 miRNAs, 
miRNA-34c-5p, miRNA-
512-5p, miRNA-548d-
3p, miRNA-597, and 
miRNA-1468 were 
upregulated and 10 
miRNAs, miRNA-26a-
5p, miRNA-30c-5p, 
miRNA-107, miRNA-
126-5p, miRNA-142-3p, 
miRNA-151a-5p, 
miRNA-199a-p, miRNA-
340-3p, miRNA-598, 
and miRNA-1539 were 
downregulated) but 
different from that of 
control women. Five 
miRNAs, miRNA-154-

Murri et al, 
2018 



5p, miRNA-193a-3p, 
miRNA-224-3p, miRNA-
760, miRNA-1207-5p 
were expressed 
differently in women 
with PCOS compared to 
both control men and 
women. MiRNA-26a-5p, 
miRNA-30c-5p, miRNA-
107, miRNA-126-5p, 
miRNA-142-3p, miRNA-
151a-5p, miRNA-193a-
5p, miRNA-199a-3p, 
miRNA-340-3p, miRNA-
512-5p, miRNA-597 and 
miRNA-598 showed 
strong correlations with 
free and total 
testosterone levels, the 
free testosterone/free 
estradiol ratio and 
estradiol and SHBG 
concentrations.   

miRNA-145, miRNA-182 
and miRNA-15a 

Granulosa 
cells, 
follicular 
fluid, and 
serum 

Human Expression of miRNA-
145 and miRNA-182 
was significantly 
downregulated in 
granulosa cells derived 
from PCOS patients. 
Although expression of 
miRNA-15a was 
reduced in granulosa 
cells, it did not achieve 
statistical significance. 
Analysis follicular fluid 
samples from control 
subjects and PCOS 
patients demonstrated 
that only expression of 
miRNA-182 was 
upregulated in PCOS 
patients. No changes in 
serum miRNA-145, 
miRNA-182 and 
miRNA-15a levels were 
noted between control 
and PCOS patients. In 
PCOS group, LH levels 
negatively correlated 
with serum levels of 
miRNA-15a. Estradiol 

Naji et al, 
2018 



concentrations in PCOS 
were positively 
correlated with follicular 
fluid miRNA-182    

miRNA-323-3p Cumulus 
granulosa 
cells 

Human Decreased expression 
in cumulus granulosa 
cells derived from 
PCOS patients. Use of 
gain of function and loss 
of function strategies in 
KGN human granulosa 
cell line demonstrated 
that miRNA-323-3p 
negatively regulates the 
steroidogenesis in 
PCOS by targeting IGF-
1.  

Wang et al, 
2019 

miRNA-142, miRNA-33b, 
and miRNA-423 

Granulosa 
cells 

Human MiRNA-423 expression 
was downregulated and 
levels of miRNA-33b 
and miRNA-142 
upregulated in 
granulosa cells derived 
from PCOS, compared 
to control subjects. 
Furthermore, it was 
demonstrated that 
miRNA-423 functions as 
a negative regulator of 
SMAD family member 7 
(SMAD7), whereas 
miRNA-33b and 
miRNA-142 directly 
target transforming 
growth facto beta 
receptor 1 (TGFBR1). 

Li et al, 
2019 

miRNA-186 and miRNA-
135a 

Granulosa 
cells 

Human Increased expression of 
miRNA-186 and 
miRNA-135a was noted 
in granulosa cells from 
PCOS patients. The 
levels of granulosa cell 
miRNA-186 and 
miRNA-135a were 
directly correlated with 
serum levels of estradiol 
in PCOS patients.  

Song et al, 
2019 

 


