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Progress in the effect of microRNA carried by extracellular
vesicles in follicular fluid on follicular atresia

WANG Ying, WANG Xiaomei, ZHAO Yunqi, WU Shenghui, ZHANG Yong,
QUAN Fusheng

Key Laboratory of Animal Biotechnology, Ministry of Agriculture, College of Veterinary Medicine, Northwest
Agriculture and Forestry University, Yangling 712100, Shaanxi, China

Abstract: Extracellular vesicles (EVs) are membrane-bound particles actively released by cells. In
prokaryotes and eukaryotes, EVs are effective bridges for communication between cells. EVs carry
biological macromolecules, including proteins, lipids and nucleic acid, which affects different
physiological functions of parent cells and recipient cells. Among them, the microRNA carried by EVs
is the most reported and plays an important role in physiological function of organisms. During the
development of follicles, only a few follicles can fully develop and ovulate, whereas most of them
undergo atresia at different stages of development. In the whole process of follicular development, the
changes at each stage and the regulation mechanism of follicular atresia are not completely understood.
In this paper, we introduced the types, characteristics, isolation methods and uses of EVs, and
emphasized how microRNA carried by EVs in follicular fluid regulated follicular atresia from the
aspects of different cytokines and hormones. Additionally, the application prospect of microRNA carried
by EVs in follicular fluid in reproductive regulation and reproductive disease diagnosis was discussed.
This paper is significant for studying the regulation of follicular development and the effective
utilization of oocytes.

Keywords: follicular fluid; extracellular vesicles; microRNA; follicular atresia
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Exosomes (Exo)
Size: 50-150 nm

Origin: internal compartments (endosomes)
Appearance by TEM: Cup shape

Sedimentation: 10 000xg
Density in sucrose: 1.16—1.18 g/mL

Apoptotic bodies (A)

Size: 50-500 nm

Origin: blebbing from plasma membrane
Appearance by TEM: heterogenous

Ly Sedimentation: 1 200xg, 10 000xg or 100 000xg

Density in sucrose: 1.16—1.28 g/mL

‘;}5-"

[7]

Figure 1 Extracellular vesicles (EVs): biogenesis and release’’”. EVs are mainly classified in three
subgroups: a) microvesicles/microparticles that bud from the plasma membrane; b) exosomes that are
generated as ILVs by inward invagination of endosomes membranes giving rise to MVBs and then released
into the extracellular space upon fusion of MVBs with the plasma membrane; c) apoptotic bodies that blebs
from cells undergoing apoptosis. N: nucleus; ER: endoplasmic reticulum; G: Golgi complex; MVB:
multi-vesicular body; ILV: intraluminal vesicle; Ly: lysosome; EE: early endosome.
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Figure 2 Regulation of follicular atresia by microRNAs in extracellular vesicles of follicular fluid. FF EVs:
extracellular vesicles in follicular fluid; exosome: exosomes; MVB: multi-vesicular body; apoptotic bodies:
apoptotic bodies; GCs: granulosa cells; oocyte: oocyte; TCs: theca cells.

F1 INERNMREIINER EVs H microRNA 1% U0 8 (7] $i
Table 1 Cells in follicles regulate follicular atresia through microRNAs carried by extracellular vesicles in
follicular fluid
Cell type affected microRNA in follicular fluid EVs References
GCs miR-155-HIFIA; miR-199a-5p; miR-222; [24,31,34-50]
miR-150; miR-378-VEGFA; miR-372;
miR-382; miR-29; miR-375; miR-146b;
miR-181b; miR-10a-5p; miR-26b; miR-144-5p
miR-146a; miR-10a; miR-644-5p
Oocytes miR-204; miR-197; miR-146b; miR-30; [15,51]
miR-383; miR-2285; miR-451; miR-132;
miR-486; miR-874; let-7c; miR-375;
miR-24; miR-19a; miR-125b; miR-106b;
miR-374a; miR-15b
TCs miR-199a-5p; miR-150; miR-378; miR-155; [24,31]

miR-222
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F| miR-382, {HESHEONRTAHLL, ORyB0R: 40
Jfih miR-372 F1 miR-382 K FFHE 10 556 B
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Table 2 Regulation of granulosa cells by microRNA carried by extracellular vesicles (EVs) in follicular

fluid

microRNA Targets Function References

miR-26b HAS2 Promote GCs apoptosis [38]

miR-181b SMAD7 Can inhibit SMAD7 by activating TGF-f pathway inhibition, thereby [41]
inhibiting GCs apoptosis

miR-146b CYP1941 Reduce the proliferation ability of bovine cumulus cells and significantly [42]
increase the rate of apoptosis of cumulus cells

miR-29 PTX3 Involved in the PI3K/AKT/mTOR and Erk1/2 signaling pathways, and plays [43]
an important role in GCs proliferation, apoptosis and steroid production

miR-222 THBS1 Inhibit GCs apoptosis [44]

miR-375 BMPR?2 Inhibit GCs apoptosis [45]

miR-10a-5p CITGF Promote GCs apoptosis [46]
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BN T @1t FasL-Fas 42 &A1), i
miR-23a/miR-27a ) F AL WO A T, 75
SO A0 miR-26a i BEE o R IR AR

W R B R A 4 WK BN A B, (HJE
TRHL A 72601,

4.2 DRiE EVs #5H) microRNA H i 5P
78 ()

BRI EVs #5747 B microRNA il O i1 [4]
B AR R E . MK A A%

TR W A, X R HAE MR, TRAGAEER LR 4 A 3.

%3 URAM EVs #5 E9 microRNA % 5 97 8 ) i
Table 3 microRNA carried by extracellular vesicles (EVs) in follicular fluid induces follicular atresia

Impact factors Targets miRNA Function References
EGF/TGF TGFBRI let-7a; let-7¢g Promote GCs apoptosis [57-60]
FoxOl1 miR-183-96-182 cluster Promote GCs apoptosis [61-62]
VEGFA miR-361-5p Regulate follicular atresia and GCs apoptosis [63]
SMAD7 miR-181b Promote GC apoptosis [64]
TGFBR2 miR-29c¢ Regulate follicular atresia and GCs apoptosis [65]
FSHR miR-143 Promote GC apoptosis and induce FSHR [66]
expression
SMAD4 miR-26b Promote GCs apoptosis [67]
Androgen H3K27me3 miR-143 Negatively regulate estrogen and androgen, [68]
induce GCs apoptosis
AR miR-125b Promote the expression of pro-apoptotic proteins [69]
and enhance FSHR expression
Fas /FasL SMADS miR-23a; miR-27a Promote GCs apoptosis [70]
GnRH Unknown miR-26a Regulate GnRH expression [71]
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Figure 3 microRNA carried by extracellular vesicles (EVs) in follicular fluid regulates follicular atresia.
The green arrow and red arrow represent positive regulation and negative regulation, respectively.
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T miR-21-5p 3% Jin i 90 il A 20 A R 7
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A B2V, miR-29 % PI3K/AKT/
mTOR {55 S fgH0 a] PTX3, $0iH B2 A= pl . 40
il CYP1941. CYP11AI. StAR Hl HSD3B H3
ISR 4N T, SMAD4 %S CYP1941
Rik (iS5, MERCR LB W6 B DGR
I H SMADA4 i :F miR-126/FSHR 431 il 5 bz 21
FRLUE T AER I P AT miR-222 RN A
WK, PR A A T B AR miR-205
FEIRAE W E PN RUSR A T T, IR fE gk
BRI,
422 BRBEMEKETF (insulin-like growth
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[ 5 R A KN T IGF & —Fh 78 35 N
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IGF 1 # ok 4n i g =0, XS SE4i o
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W, BER FOXK2 FRik, Tl BOR 4RI T,
RN ER I P A IGE AR B — R IR,
WF5¢ % Bl IGF-1, IGFBP-1., IGFBP-2, IGFBP-4
IGFBP-5 fil IGFBP-6 5t If R 5%,
IGF-I,IGFBP-1,IGFBP-2 . IGFBP-3 Hl IGFBP-4
AE S MERR /MR BAE, BRATIEINE K E
P

423 MAHEMAMBMEKETF (fibroblast growth
factor, FGF)

AT HEA A 4 R F FGF 2—FP 2k,
AT s, 4E 7 Wi hst/ks3,
bFGF . aFGF . int-2 . FGF-5, FGF-6 Ll ) FGF-7,
BT Z 18] A [ JE A k5] 35%-55%, AS TR Fh g [A]
BRCET A 240 A= A TR -t A AR v g [R5 o
bFGF 32 24 5T ¥ (A 40 e R0 R0RE A B , R (i adk
WORLZ0 MG EE , s BRI AR T, S 50
KREMAEK ., ALY, FGF BRI NURL
S R A ke 4 ) R 96 PR B, miR-21-3p EL 3 )

T4 IPE& EVs #5587 microRNA ]I 5P ;8 A §5i

FGF2, i@l AKT/mTOR {5545 Sk il
A= SR 20 L W, A B o P T

5 YUWH EVs # # microRNA T4
BRERLEFRRDBEAREE

EVs BB M HA A AL 48571 A 8 AN [R] K
o3, FFEF T XA A P RE . 7E
AFEYIR T, W5 2 192 microRNA
microRNA Jf&—8 2 5 PN Rk P45 9 IE G 7
RNA R . 38 Pre 52 5 % (i F i v Y e
FERRE B0 sEVs HE— P IX 43R, 15 2] P
JZ R sEVs MRS, 4353l 4 44 A v 25 4 i
AhHENL (HD-sEVs B, sEVs F8) k%5 i 41 iy
YhEWL (LD-sEVs 8% sEVs F6), 2&# SL1 3 %)
BV th HD-sEVs il LD-sEVs #£47 microRNA
M Hr, HoE A microRNA WL 5, v IE
HORTE] EVs % 2 3] microRNA 253k K. H
AP, SEIREIEE I TR E microRNA X B
WRT . UM P, R 4 RS 58 AN T 5
M, 4> microRNA FIINREFSEIIGUE, A ORI
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% microRNA M2 I4E R, AMUA B F i
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Table 4 microRNA carried by extracellular vesicles (EVs) in follicular fluid inhibits follicular atresia

Impact factor Target miRNA Function References
Estrogen CYP1941 miR-1275 Inhibit GCs apoptosis and increase serum estradiol [74]
PTEN miR-144-5p Promote the number of follicles, increase estradiol [75]
secretion and reduce GCs apoptosis
Smad7 miR-21-5p Inhibit GCs apoptosis and increase serum estradiol [76]
FSHR miR-126 Induce CYP19A1 expression [77]
CREBI miR-205 Inhibit GCs apoptosis and regulate estradiol secretion [78]
CYP1941 miR-10b Inhibit follicular atresia [79]
IGF IGF1 miR-133a-3p; miR-10b  Inhibit GCs apoptosis [79-81]
FOXK2 miR-204 Inhibit GCs apoptosis [82]
FGF FGF2 miR-21-3p Inhibit AKT/mTOR signaling and inhibit GCs apoptosis  [83]
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Table 5 Differential microRNA carried by extracellular vesicles (EVs) subtypes in bovine follicular fluid™®*!

Differentially expressed Gene ID

microRNAs

sEVs F6

sEVs F8

bta-miR-26¢; bta-let-7c; bta-let-7d; bta-let-7b; bta-miR-151-5p; bta-miR-7; bta-miR-34a;
bta-miR-16b; bta-miR-15b; bta-miR-497; bta-miR-16a; bta-miR-125b; bta-miR-449a;
bta-miR-204; bta-miR-574; bta-miR-127; bta-miR-3601; bta-miR-31; bta-miR-195; bta-let-7¢;
bta-miR-139; bta-miR-342; bta-miR-125a; bta-miR-30d; bta-miR-224; bta-miR-3432a;
bta-miR-379; bta-miR-28; bta-miR-21-5p; bta-miR-455-3p; bta-miR-199b; bta-miR-145;
bta-miR-199a-5p; bta-miR-193a-3p; bta-miR-1271; bta-miR-103; bta-miR-30e-5p; bta-miR-200a;
bta-miR-33a; bta-miR-507b; bta-miR-362-5p; bta-miR-181b; bta-miR-339a; bta-miR-135a;
bta-miR-340; bta-miR-153; bta-miR-491; bta-miR-196b; bta-miR-339b; bta-miR-2387;
bta-miR-12023; bta-miR-182; bta-miR-345-5p; bta-miR-148c; bta-miR-708; bta-miR-181d;
bta-miR-23b-3p; bta-miR-29b; bta-miR-96; bta-miR-500; bta-miR-206; bta-miR-29c;
bta-miR-769 bta-miR-2898; bta-miR-2320-5p; bta-miR-495; bta-miR-223; bta-miR-331-3p;
bta-miR-141; bta-miR-2284t-3p; bta-miR-1260b; bta-miR-2904; bta-miR-27a-5p;
bta-miR-23b-5p; bta-miR-1249; bta-let-7i; bta-miR-26a; bta-miR-26b; bta-miR-98; bta-miR-374b;
bta-miR-3604; bta-miR-411a; bta-miR-126-3p; bta-miR-10174-3p; bta-miR-99b; bta-miR-30b-5p;
bta-miR-155; bta-miR-507-3p; bta-miR-30c; bta-miR-450a; bta-miR-451; bta-miR-17-5p;
bta-miR-3613a; bta-miR-181a; bta-miR-151-3p; bta-miR-30a-5p; bta-miR-1; bta-miR-374a;
bta-miR-383; bta-miR-194; bta-miR-126-5p; bta-miR-6120-3p; bta-miR-30f; bta-miR-2336;
bta-miR-376b; bta-miR-6119-5p; bta-miR-450b; bta-miR-411b; bta-miR-505; bta-miR-411¢-3p;
bta-miR-2285bf; bta-miR-142-5p

bta-miR-92a; bta-miR-424-5p; bta-miR-6123; bta-miR-93; bta-miR-660; bta-miR-128;
bta-miR-19b; bta-miR-10b; bta-miR-2284y; bta-miR-335; bta-miR-380-3p; bta-miR-2284x;
bta-let-7a-3p; bta-miR-2284ab; bta-miR-423-5p; bta-miR-1307; bta-miR-20a; bta-miR-423-3p;
bta-miR-484; bta-miR-2299-3p; bta-miR-425-3p; bta-miR-152; bta-miR-2285av; bta-miR-130a
bta-miR-410; bta-miR-671; bta-miR-369-3p; bta-miR-382; bta-miR-19a; bta-miR-376a
bta-miR-2284aa; bta-miR-2483-3p; bta-miR-2284w; bta-miR-2285y; bta-miR-138;
bta-miR-11986b; bta-miR-6522; bta-miR-6517; bta-miR-2285bc; bta-miR-760-3p;
bta-miR-12031; bta-miR-2285ci; bta-miR-2313-3p; bta-miR-130b; bta-miR-2284h-5p;
bta-miR-2285u; bta-miR-132; bta-miR-767; bta-miR-188; bta-miR-2285aj-5p;
bta-miR-2285ak-5p; bta-miR-2382-5p; bta-miR-376d; bta-miR-2285bz; bta-miR-1197;
bta-miR-2285m; bta-miR-2285p; bta-miR-2376; bta-miR-409b; bta-miR-365-5p; bta-miR-326;
bta-miR-2382-3p; bta-miR-323b-3p; bta-miR-6536; bta-miR-3154; bta-miR-9851;
bta-miR-2367-3p; bta-miR-656; bta-miR-20b bta-miR-2285be; bta-miR-124a; bta-miR-346;
bta-miR-124b; bta-miR-2284m; bta-miR-12015; bta-miR-2450a

3R AN T FH At B 5L T BR BE S A2 W AR T
PEALLHT %) SRS o O -J: 240 -7 240 - B 248 ™46
AR EAE AR AR EE, iS40
2 (B3 3L A T4y AR S VE R, 7E BN R A
BT PR ME B AR, Hd, microRNA
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Y@ EVs o RNA #E T 7ERS ), %
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