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MiR-191 promotes the porcine immature Sertoli cell
proliferation by targeting the BDNF gene through
activating the PI3K/AKT signaling pathway

Xiangwei Tang, Dan Chu, Saina Yan, Yanfei Yin, Qiao Bian, Bo Weng, Bin Chen,
Maoliang Ran

Hunan Provincial Key Laboratory for Genetic Improvement of Domestic Animal, College of Animal Science and Technology, Hunan
Agricultural University, Changsha 410128, China

Abstract: The number of Sertoli cells in the testis is a major regulator on the sperm production capacity. MicroRNAs
(miRNAS) participate in regulating the proliferation and apoptosis of porcine immature Sertoli cells. However, the functions
and mechanisms of action of most identified miRNAs in porcine Sertoli cells remain largely unknown. In the present study,
based on our previous results from an EdU-based high-content screening assay, we further studied the mechanism of action
of miR-191 on the proliferation and apoptosis of porcine immature Sertoli cells through flow cytometry, Western blotting,
and dual-luciferase activity analyses. The results demonstrated that overexpression of miR-191 promoted cell cycle
progression from G; phase to the S and G, phases, enhanced cell proliferation, and inhibited apoptosis in the porcine
immature Sertoli cells, whereas miR-191 inhibition resulted in the opposite effects. The results from a luciferase reporter
assay showed that miR-191 directly targeted the 3-UTR of the BDNF gene. BDNF knockdown also promoted cell cycle
progression to the S phase, cell proliferation and inhibited cell apoptosis, which were consistent with the effects of the
miR-191 overexpression. A co-transfection experiment showed that BDNF knockdown abolished the effects of miR-191
inhibition. Furthermore, both miR-191 overexpression and BDNF inhibition elevated the phosphorylation of PI3K and AKT,
the key components of the PISK/AKT signaling pathway, whereas BDNF inhibition offset the effects of the miR-191
knockdown. Overall, these data indicated that miR-191 promotes cell proliferation and inhibits apoptosis in porcine immature
Sertoli cells by targeting the BDNF gene through activating the PISBK/AKT signaling pathway. This study provides a novel

scientific basis for further investigation on the biological functions of miR-191 on porcine spermatogenesis.

Keywords: miR-191; BDNF gene; PI3K/AKT signaling pathway; proliferation; porcine Sertoli cells
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il 5%SDS-PAGE 194l (115 = RAEWHARA
B E])H, e 60~80 V. 30 min, #RJ51H4& A 100~
120 V. 60 min FEAT Rk, WREE IR 5 22 A i 5 E
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1000, phosphoSer473, [ Affinity Biosciences 2y
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Al). A, IMAGE R ZHRBER, FREK 2 h,
“hiAuds . AR S PRSI E SR 196 (1
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1.8 SERZHEEE PCR

K F TRIzol 37 £ (35 & Thermo 2 ) 2 B 41 it
A RNA, SRR IR 1k B2 2 {2 (NanDrop ND-
2000, % [# Thermo Scientific 2% &)k & RNA Jf &
S HEEY A RNA i PrimeScript™ RT &7 & (H A
TaKaRa /A #])i#£47 cDNA %4 5% . 2k Oligo 6.0 %k
kit szt oe o€ PCR (QRT-PCR)S 14, 1 FiE
A TAY TR A BRAF A, 51 1E B IWE 1,
¥ 25 pL qRT-PCR Wik &, 434§ 12.5 pL SYBR
Premix Ex Taq (2x, HA TakKaRa A#]). 1 puL EJiF
5191, 1 uL FHF514. 2 uL cDNA B Al 8.5 L
ddH,0, RMWIAZE T 1Q-5 24t E f# PCR Y (£
Bio-Rad /A F]) bk T #2 ¥ #47 qRT-PCR ) :
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Table 1 Primer sequences used in this study

HN 19731 (5'— 37)
CCND1 F: TACACCGACAACTCCATCCG

R: GCCGCCAGGTTCCACTT
CCNE1 F: CCTGCTGAAGATGCCCATAAC

R: TGCTCTGCTTCTTACTGCTCG
CDK-4 F: GTGGCCCTCAAGAGCGTAAG

R: CAGACATCCATCAGCCGGAC
c-MYC F: AACCCTTGGCTCTCCACGAG

R: ATTCCGACCTTTTGGCAGGG
FGF2 F: ACCAGGTCACTGAGATCCATCCAC

R: TTCGGCAACAGCACACCAATCC
BMP4 F: ACCAATCATGCCATCGTTCAGACC

R: TGATTCAGCGGCAACCACATCC
GDNF F: GAGACCGCTGTGTATCGCATTCC

R: GCCTTCTTCCTCTTCCTCCTCCTC
PCNA F: ATTTGGCCATGGGCGTGAAC

R: CTAGTGCCAAGGTGTCTGCAT
EGF F: GCGAGCGATGTCAGCACAGAG

R: AGGAGCAGCAGCAGGACCAG
TBP F: GCGATTTGCTGCTGTAATCA

R: CCCCACCATGTTCTGAATCT
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1.9 Xk EBiE RN

#4-A 1) BDNF (brain-derived neurotrophic factor)
e 3-UTR-WT Hl 3-UTR-MUT JE ("M i 5 18
YR A BRAR])IEE R psiCHECK?2 Ak, ik
FH 1 72 B2 530 P 86 IS, 5 miR-191 mimic #1 mimic
NC 7£ DMEM high glucose J&at 55 72 56 24 F W Wi 21
ALY 5 293 T 400, 48 h RN, LN
35 puL PBS. 35 pL luciferase reagent (32[E Promega
25 Fl), B 10 min, % E 96 fLEA @A EE TR,
K H £ D REE Y (Spectra max m5e, 3 [E Molecular
Devices 2\ )il & ¢ GAH ; 4L /i0 30 pL Stop reagent
(2 Promega 23 ), 3% 10 min J5 , W5 560614 .

1.10 SitsH#hr

KU IBM SPSS 22.0 ¥ A14e it 500, ]
One-Way ANOVA 178 H R J5 225081, JFR ]
Duncan [K¥E#ET 2 & R LIITAL & AL Z A 2 5
B 35 L 08 £ 45 M 22 1 E L3R 8, *P<0.05,
**p<0.01,

2 #R50Pr

2.1 miR-191 1@ i 38 & BR 24 37+ 40 fm 14 58

SRR miR-191 Xof 8 A i A S A 40 L 14 5 1 A
J, o ilEE g miR-191 mimic. mimic NC. miR-191
inhibitor Al inhibitor NC. i =X 4l Jifd J&] 1 25 S = 1
i F ik miR-191 J5, 4bTF Gy WIAY 4t Lb i btk 3 %
fik(P<0.01), S I G, WIMY 4 A Lb 7] 1 25 3% Jn (P<
0.05) (& 1A), #WHfilFEik miR-191 5, AbF S WA
G J03 114 4 L L 157 ) Jed 25 P A1 (P<0.05) (&1 1C), R
qRT-PCR Hz AKG WU 240 Jfd ) A AH DG HE D A R ik, 4521
FHH, 1 #58 miR-191 ¢ B #E € ¥ c-MYC . CCNEL,
CCND1 Fl CDK4 J: K iy #ik 7K F-(P<0.01) (/& 1B),
A HI 25 miR-191 W &8 25 40 i L1 5P i =ik 7K
-(P<0.05) (Kl 1D). LA 45530, miR-191 fiEF 5%
TR A A 20 S R

K FH qRT-PCR 2 A I 20 i 384 78 AH 5 L R 4 3=
KK SRR i Rk miR-191 B 1 FGF2,
GDNF. BMP4, PCNA #il EGF JE: A i £ ik /K (P<

0.05) (I8 1E), i3k miR-191 NI i 35 ¥ {1 41 ffd
HAGEA DG HE [ ) 23K (P<0.05) (&l 1F). CCK-8 il
GRS B0, ARR I A miR-191 4]
AT E AR A1 (P<0.01), i1k miR-101
IR 8 3 e IR 40 M B4 B E ) (P<0.01) (K] 1G). 151,
EdU Je(azs ki, sk miR-191 & 4 k41 i
H4FE P (P<0.05), 10 2R 35 miR-191 W4 b 3 F
I 0 B4 78 35 1 (P<0.01) (K 1: H I 1),

2.2 miR-191 #HIFE R AT IFHRA T

St — ARG miR-191 X 4% A B Sl 45 41 Jifd 4
TZHIREIR, ARBFFER A Annexin V-FIT/PI J7 B4
M TGO . S5AERMT, i RIA miR-191 b ERE
KA T~ %6 (P<0.05) (K1 2: A Fi B), mi#ijilFRik
miR-191 W) & & 3% i 41 it 9 7~ (P<0.05) (1&] 2: A FlI
D). 4ififl ATP /KA INZE SRR, 3Rk miR-191
e 25 G 40 g ATP 7KF-(P<0.01) (& 2C), Tfii# i
ik miR-191 U] & 2 PR 41 it ATP 7K F-(P<0.05) (&
2E). >R H Western blotting i A 6 0 21 it 7 T AH 5& 3
HEAK RS, 458 8xR, %K miR-191 1
i Bel2 £ & A7KF 1 il BAX i Caspase-3 £
TR (E 2F), A #IA miR-191 W5 2 AH
(K 2G). Z& EArd, miR-191 M5 A& i S 540
MO T

2.3 miR-191 $8m BDNF & [& 3'-UTR

AWFFEHH miRwalk, TargetScan HI miRanda
TELR KA HM T R A miR-191 MR, AR
WG AL ARSEE AT, W12 0Ri e it BDNF SR
AL (] 3A) . A2 Hfi e miR-191 55
BDNF Z [l (R #E [n] & &, A58 3 T BDNF-WT
1 BDNF-MUT MG HR B 5 K 8k, JF 5
miR-191 mimic I mimic NC W} 41 & 4L 4% L %8 293T
YA, WG B AN 45 SR 20, BDNF-WT +
miR-191 mimic JLHE YL 4] i X8 2 BN 1 &K
T HiAth 3 41 (P<0.05) (8 3B)., K JH qRT-PCR £ A4
I miR-191 X BDNF %:P mRNA ik, 45
W, 3 ik miR-191 # 2 3 P& Ik BDNF 2£ [ mRNA
FiKIKF-(P<0.01), il il 2238 miR-191 4 fk & 48
BDNF K mRNA #ik/KF-(P<0.01), Zf LJFik,
miR-191 ¥ [i) BDNF J£[K 3'-UTR FH-#l il H: e 1k 7K
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Fig. 1 miR-191 promotes the porcine immature Sertoli cell proliferation
A: F 2 miR-191 mimic Al mimic NC, =4I ACK I R HA; B: 7% miR-191 mimic F1 mimic NC, qRT-PCR A& Il J& HH AH O 3 [
(c-MYC. CCNE1. CCND1 #il CDK4) mRNA #I%t # ik 7K C: # Y% miR-191 inhibitor Al inhibitor NC, i =X 41 i SR I 7 =20 3915 D

YL miR-191 inhibitor I inhibitor NC, gRT-PCR &Il J& 14 5 3% K (c-MYC . CCNEL1, CCND1 1 CDK4) mRNA #i%t F kK5 E:
YL miR-191 mimic F1 mimic NC, qRT-PCR A&l 478 41 P (FGF2. GDNF, BMP4, PCNA Fll EGF) mRNA #Xf ik K ¥ F.
miR-191 inhibitor 1 inhibitor NC, qRT-PCR 4 ## 5 AH X 3 F (FGF2 . GDNF., BMP4, PCNA Fl EGF) mRNA MXf#ik/KFE; G: %
44 miR-191 mimic. mimic NC . miR-191 inhibitor FI inhibitor NC, CCK-8 iz % 45 Il 41 Mg 3% 5 45 %4 ; H: Y% miR-191 mimic. mimic NC,

miR-191 inhibitor 1 inhibitor NC, EdU {3 & k6 I 35 78 40 i e )5 1. 40 EdU SEoe 3 4 G G40 iR & Hoechst Je €8, ZL G4
EdU J: {2, Merge & Hoechst fl EAU Y& JF &, FrR: 50 um), *P<0.05 F/R2FWE, **P<0.01 F/RERWEE.
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Fig. 2 miR-191 impedes immature porcine Sertoli cell apoptosis

A: 3t miR-191 mimic, mimic NC. miR-191 inhibitor 1 inhibitor NC, ¥iz04R KM 40 A 7150l ; B %% 4% miR-191 mimic Al
mimic NC, ZHIEHRE T LB Geit45 5% ; C: %Y« miR-191 inhibitor 1 inhibitor NC, #HMIE T LGS 4558 D: % miR-191 mimic
mimic NC, 4l ifg ATP /K- E . % 4% miR-191 inhibitor 1 inhibitor NC, £l Jifd ATP 7K ; F: %% 4% miR-191 mimic Al mimic NC, Western blotting
0 4 B R T bR AR 2L Bel2, BAX il Caspase-3 25 16357k F; G: ¢ miR-191 inhibitor I inhibitor NC, Western blotting # il 4f
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