
Table S1. miRNA regulation of ovarian sex hormone synthesis and secretion 

miRNAs Regulation/function Reference 

miRNAs inhibiting estradiol 
secretion: miRNA-15a, miRNA-24, 
miRNA-25, miRNA-26a, miRNA-95, 
miRNA-96, miRNA-92, miRNA-108, 
miRNA-122, miRNA-124, miRNA-
135, miRNA-144, miRNA-146, let-7d, 
, let-7g, miRNA-1, miRNA-18, 
miRNA-19amiRNA-20, miRNA-27a, 
miRNA-28, miRNA-29a, miRNA-98, 
miRNA-125a, miRNA125b, miRNA-
126miRNA-137, miRNA-139, miRNA-
148, miRNA-149, miRNA-184, 
miRNA-7, miRNA-10a, miRNA-22, 
miRNA-30a-3p, miRNA-31, miRNA-
32, miRNA-34a, miRNA101, miRNA-
103, miRNA-105, miRNA-128, 
miRNA-129, miRNA-132, miRNA-
133A, miRNA-140, miRNA-50, 
miRNA-151, miRNA-152, miRNA-
187, and miRNA-188.  
 
miRNAs stimulating estradiol 
secretion: 

Fifty-one of the 80 miRNAs tested, 
reduced the estradiol secretion up to 4.5-
fold. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
None of the miRNAs tested stimulated 
estradiol secretion 

Sirotkin et 
al. 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sirotkin et 
al. 2009 

miRNAs inhibiting progesterone 
secretion: let-7b, let-7c, miRNA-15a, 
miRNA-17-3p, miRNA-96, miRNA-
92, miRNA-108, miRNA-133B, 
miRNA-134, miRNA-135, miRNA-
146, miRNA-181a, miRNA-1, miRNA-
19a, miRNA-20, miRNA-27a, miRNA-
28, miRNA-29a, miRNA-98, miRNA-
125b, miRNA-126, miRNA-137, 
miRNA-183, miRNA-184, miRNA-
31miRNA-101, miRNA-105, miRNA-
107, miRNA-128, miRNA-129, 
miRNA-132, miRNA-140, miRNA-
141, miRNA-142, miRNA-151, and 
miRNA-188. 
 
miRNAs stimulating progesterone 
secretion: miRNA-16, miRNA-24, 
miRNA-25, miRNA-122, miRNA-145, 
miRNA-182, miRNA-18, miRNA-
125a, miRNA-147, miRNA-32, 
miRNA-103, miRNA-143, miRNA-
150, miRNA-152, miRNA-153, and 
miRNA-191. 

Thirty six of the 80 miRNAs tested 
reduced progesterone secretion 1.3‒2.0 
times. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ten miRNAs of the 80 miRNAs tested 
enhanced progesterone production up to 
5-fold. 

Sirotkin et 
al. 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sirotkin et 
al. 2009 
 



miRNAs inhibiting testosterone 
secretion: let-7a, let-7b, let-7c, mir-
16, miR-17-3p, miRNA-24, miRNA-
25, miRNA-26a, miRNA-108, miRNA-
122, miRNA-124, miRNA-133B, 
miRNA-134, miRNA-135, miRNA-
145, miRNA-146, miRNA-155, 
miRNA-182, let 7d, let-7g, miR-18, 
miRNA-19a, miRNA-20, miRNA-27a, 
miRNA-s8, , miRNA-29a, miRNA-98, 
miRNA-100, ,iRNA-125a, miRNA-
125b, miRNA-126, miRNA-136, 
miRNA-137, miRNA-139, miRNA-
147, miRNA-148, miRNA-149, 
miRNA-183, miRNA-184, miRNA-7, 
miRNA-9, miRNA-10a, miRNA-21, 
miRNA-22, miRNA-23a, miRNA-23b, 
miRNA-30a-3p, miRNA-31, miRNA-
32, miRNA34a, miRNA-105, miRNA-
128, miRNA-129, miRNA-132, 
miRNA-133A, miRNA-140, miRNA-
141, and miRNA-188. 
 
miRNAs stimulating testosterone 
secretion: miRNA-107.    

Fifty-seven of the 80 miRNAs tested 
inhibited testosterone secretion; in some 
instances, testosterone secretion was 
reduced by 5-fold. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Only one miRNA, miRNA-107, modestly 
upregulated the testosterone production. 

Sirotkin et 
al. 2009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sirotkin et 
al. 2009 

miRNA-378 miRNA-378 inhibits estradiol secretion in 
porcine granulosa cells by targeting 
aromatase (P450arom, CYP19A1) 

Xu et al. 
2011 

miRNA-224 
 
 
 
 
 
 

miRNA-224 regulates TGF-β-induced 
mouse preantral granulosa cells (GCs) 
proliferation by targeting Smad4. In 
addition, both miRNA-224 and TGF-β1 
can promote estradiol release from GC, at 
least in part through increasing Cyp19A1 
mRNA levels. 

Yao et al. 
2010a 

miRNA-383 These studies demonstrated that miRNA-

383 stimulates estradiol release from 

mouse granulosa cells by targeting RNA 

binding motif, single stranded interacting 

protein 1 (RBMS1), at least in part, 

through inactivation of c-Myc. The 

transcription factor, SF-1 functions as 

appositive regulator of miRNA-383 

processing and function in granulosa 

cells.    

Yin et al. 
2012 

miRNA-133b These studies demonstrated that miRNA-

383 stimulates estradiol release from 

mouse granulosa cells by targeting RNA 

Dai et al. 
2013 



binding motif, single stranded interacting 

protein 1 (RBMS1), at least in part, 

through inactivation of c-Myc. The 

transcription factor, SF-1 functions as 

appositive regulator of miRNA-383 

processing and function in granulosa 

cells.    

miRNA-483-5p, miRNA-574-3p, 
miRNA-518f, miRNA-191, miRNA-
193b, miRNA-320, miRNA-520c-3p, 
miRNA-24, miRNA-132, miRNA-
146a, miRNA-222, miRNA-1290. 

Sang et al (2013) identified 12 miRNAs 
(listed in the left column), which are highly 
expressed in human follicular fluid, and 
subsequently tested their ability to 
modulate steroidogenesis in a human 
granulosa cell line, KGN. The authors 
reported that miRNA-24, miRNA-132, 
miRNA-320, miRNA-520c-3p, and 
miRNA-222 regulate estradiol production 
in KGN cells. Transfection of KGN cells 
with miRNA-24 decreased estradiol 
secretion, whereas its inhibitor enhanced 
estradiol secretion. miRNA-132, miRNA-
320, miRNA-520c-3p, and miRNA-222 
mimics increased estradiol secretion and 
the use of their respective inhibitors 
reduced estradiol production in KGN 
cells. Other miRNAs had no significant 
effect on estradiol secretion. Among the 
12 highly expressed miRNAs, only 3 
miRNAs, miRNA-24, miRNA-193b, and 
miRNA-483-5p were found to regulate 
progesterone secretion. Mimetics of these 
miRNAs decreased progesterone 
secretion, whereas their respective 
inhibitors increased its secretion. Other 
miRNAs had no effect.  

Sang et al. 
2013 

miRNA-15a The authors provided evidence that 
transfection of primary human ovarian 
granulosa cells with anti-miRNA-15a 
results in a significant reduction in 
progesterone and testosterone secretion 
and an increase in estradiol release. In 
contrast, use of pre-miRNA-15a 
enhanced the release of progesterone 
and testosterone but not estradiol. 
Furthermore, pre-miRNA-15a reversed 
the stimulatory effect of FSH on 
progesterone and testosterone production 
without showing any effect on estradiol 
release. 

Sirotkin et 
al. 2014 

miRNA-320 and miRNA-383 miRNA-320 mimics significantly inhibited Yin et al. 



the estradiol synthesis but promoted 
progesterone production in mouse 
granulosa cells. In contrast, silencing of 
miRNA-320 caused an increase in 
estradiol production and a decrease in 
progesterone synthesis. Moreover, 
miRNA-320 modulates steroid production 
by targeting E2F1(E2F transcription 
factor), SF-1 and Cyp19a1 mRNA and 
protein (the rate-limiting enzyme for 
estrogen synthesis) expression. miRNA-
383 positively regulates the expression of 
miRNA-320. 

2014 

miRNA-378 Gain-of- and loss-of-function strategies 
demonstrated inhibits estradiol production 
via suppression of aromatase (CYP19A1) 
in porcine granulosa cells. 

Pan et al. 
2015 

miRNA-764-3p The data presented demonstrate that 
miRNA-764-p negatively regulates 
estradiol biosynthesis in mouse ovarian 
granulosa cells by targeting SF-1 and 
indirectly aromatase activity (Cyp19a1).   

Wang et al. 
2016 

miRNA-320a miRNA-320 over-expression and 
knockdown experiments demonstrated 
that CYP11A1 and CYP19A1 expression, 
and therefore progesterone and estradiol 
production by human cumulus granulosa 
cells (CGCs) is transcriptionally 
downregulated by miRNA-320a 
deficiency. The results of this study 
further demonstrated that dysregulation of 
miRNA/RUNX2/CYP11A1/CYP19A1 
cascade plays a regulatory in the 
development and progression of estrogen 
deficiency in CGCs from patients with 
polycystic ovary syndrome (PCOS).   

Zhang et al. 
2017a 

miRNA-143 The authors provided evidence showing 
that MiRNA-143 is highly expressed in the 
mouse ovarian granulosa cells, and 
functions as a negative regulator of FSH-
induced estradiol production by targeting 
KRAS. 

Zhang et al. 
2017b 

miRNA-132 Loss-of-function and gain of function 
studies demonstrated that overexpression 
of miRNA-132 increased 20α-
hydroxyprogesterone production whereas 
knockdown of miRNA-132 resulted in a 
significant reduction in 20α-
hydroxyprogesterone production in the rat 
granulosa cells. 

Hu et al. 
2017 



miRNA-27a-3p Wang et al (2017) demonstrated that 
overexpression of miRNA-27a-3p in 
mouse granulosa-like tumor cell line, KK-
1 leads to inhibition of estradiol 
production by potentially targeting cyclic 
AMP response element (CRE)-binding 
protein 1 (Creb1) and its downstream 
target, aromatase (cytochrome P450 
family 19 subfamily A polypeptide 1 
(Cyp19a1). 

Wang et al. 
2017 

miRNA-132 The authors provide evidence that 
miRNA-132 promotes estradiol synthesis 
in primary mouse ovarian granulosa cells 
via translational repression of Nurr1. 

Wu et al. 
2015 

miRNA-183-96-182 and miRNA-212-
132 clusters 

The authors reported that two specific 
miRNA clusters, miRNA-183-96-182 and 
miRNA-212-132 were dramatically 
increased in luteal tissue relative to 
follicular tissues. miRNA-96 and miRNA-
132 were the most induced miRNAs 
within each cluster. Inhibition of miRNA-
96 in cultured human luteinized granulosa 
cells (hLGCs) enhanced apoptosis and 
FOXO1 protein levels (putative target of 
both miRNA-96 and miRNA-132) and 
attenuated progesterone production. In 
bovine luteal cells, miRNA-96 inhibition 
was also accompanied by upregulation of 
apoptosis and FOXO1 protein levels. It 
was concluded that miRNA-96 by 
targeting FOXO1 promotes luteal cell 
survival and progesterone production.   

Mohammed 
et al. 2017 

miRNA-1275 It was reported that miRNA-1275 
attenuates liver receptor homolog-1 
(LRH-1) (a SF-1 homolog) by directly 
binding to its 3’UTR. This in turn, prevents 
interaction of LRH-1 protein with the 
CYP19A1 promoter, downregulates E2 
synthesis, promotes porcine granulosa 
cells apoptosis and causes follicular 
atresia in porcine ovaries.   

Liu et al. 
2018 

miRNA-221 The miRNA-221 abundance in bovine 
granulosa cells (GC) decreases but 
increases in bovine theca cells (TC) with 
follicular development. It was further 
demonstrated that fibroblast growth factor 
2 (FGF2) and FGF9 increased TC 
miRNA-221 abundance, whereas insulin 
like growth factor-1 (IGF1), steroids and 
cAMP had no effect on TC miRNA-122. 

Robinson 
et al. 2018 



Based on these and other results, the 
authors concluded that FGF9 can 
increase GC and TC miRNA-221 
expression and that enhanced miRNA-
122 levels may mediate inhibition of 
granulosa cell steroidogenesis in bovine 
ovary. 

miRNA-323-3p Using granulosa cells collected from 
ovaries of PCOS patients and control 
subjects and human granulosa-like tumor 
cell line, KGN cells, the authors provide 
evidence that miRNA-323-3p regulates 
steroidogenesis and cell apoptosis in 
PCOS by targeting IGF1 and these 
events could contribute to the 
pathogenesis of PCOS. 

Wang et al. 
2019 

 


