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Abstract: The aim of this study was to investigate the expression pattern and regulatory mechanism
of miR-370 and miR-219a in sow follicular granulosa cells (GCs) under oxidative stress, and provide
theoretical basis for the use of endogenous small molecule regulators to inhibit oxidative stress and

promote follicular development. In this study, primary sow GCs were used as experimental materials

W5 B #3: 2025-06-03

EETE 1K ARB %I 4 (32372839) s 1.9 4 [ AR BF %3 4 (BK20231475)

YEE A SRR, A1, 32 2 N Lt & I 05T , E-mail: gzn@stu. njau. edu. cn

BAEEE A B RIBESE O, F RS S s % 7 R 5 R L P E BT 5T E-mail: duxing@njau. edu. cn



13 SRS KL S 40 i S0k 7 80CH 25 F 4% 919 36 J50R: 41 2 7P miR-370 5 miR-219a 4% 5 235

and an in vitro oxidative stress GC model was established using 150 pmol-L™' H,O,. The regulatory
effect of oxidative stress on the transcription of miR-370 and miR-219a was analyzed by RNA-seq and
RT-qPCR. Their conservation and expression distribution were detected by bioinformatics analysis
and tissue expression profiling. FACS and ELISA were performed to detect the effect of two
miRNAs on the oxidative stress and apoptosis of sow GCs. The overexpression plasmid of KLEF5 was
constructed and its expression efficiency was verified by WB. Furthermore, RT-qPCR, luciferase
activity analysis and ChIP were conducted to identify the mechanism by which KLF5 inhibits the
transcription of two miRNAs in sow GCs under oxidative stress. The results showed that, oxidative
stress inhibits the transcription of miR-370 and miR-219a, resulting in down-regulation of their pri-,
pre- and mature expression levels (P<C0.01). Characterization analysis revealed that both miRNAs
are conserved and highly expressed in ovary. Correlation analysis revealed that their expression levels
were significantly positively correlated with SOD activity (P<C0.01) , significantly negatively
correlated with MDA level (P<C0.01) , suggesting that they have anti-oxidative capacity.
Overexpression of two miRNAs effectively and synergistically alleviated the oxidative stress-induced
ROS accumulation, low SOD activity, high MDA levels, and high apoptosis rate. Prediction analysis
found that their promoters contain potential KLLF5 binding sites, and overexpression of KLF5
significantly inhibited their transcription and promoter activities (P<C0. 01), while had no effect on the
luciferase activities of the reporter vectors containing mutant KLF5 binding sites. ChIP results
confirmed that KLF5 directly bound to their promoters, and its expression and binding enrichment
were elevated by oxidative stress. In summary, oxidative stress inhibits the transcription of
antioxidant miRNAs (miR-370 and miR-219a) by inducing the expression and transcription factor
activity of KLF5, which exacerbates the oxidative damage of sow GCs.
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Table 1 The sequence information of primers involved in this study

514 B9 (53) SR g
Primer Sequence &R /bp Usage
Length
miR-370 stem-loop CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACCAGGTT — — i
miR-219a stem-loop  CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCGGGACGT ~— —  MIRNAs
miR-7136 stem-loop ~ CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCTCCACA — — e
miR-9860 stem-loop  CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCGGTCCA — —
Mature miR-370-F GCCGAGGCCTGCTGGGGTGG 64 e
Mature miR-219a-F GCCGAGAGAGTTGAGTCTGG 64  miRNAs
Mature miR-7136-F GCCGAGTCTGGTCCAGACAC oy EMIPCR
Mature miR-9860-F GCCGAGTTGCCCGAGAGCT 64
Common miRNA-R CTCAACTGGTGTCGTGGA —
Pri-miR-370-F TCTCGAATCAGATTGGTGGC 145 %
Pri-miR-370-R CAGGCACTCGTGAGCTGTGTA miRNAs
Pri-miR-219a-F TCAGACATTCGGCCCCTTGT g EMPCR
Pri-miR-219a-R CTCGAGAATTGCGTTTGGAC
Pre-miR-370-F AAGACAGAGAAGCCAGGTCAC 75 Ak
Pre-miR-370-R GACAGACCAGGTTCCACCCC miRNAs
Pre-miR-219a-F CCGCGGCTCTTGATTGTC 76 EHPCR
Pre-miR-219a-R GCTCGGGACGTCCAGACT
miR-370 promoter-F "GGGGTACCCGGACGAGCTAATGTATGCTGA 314 FREN
miR-370 promoter-R CCGCTCGAGTCTGTGATATCGCCGTGTCTATA it BUE
miR-219a promoter-F CGGGGTACCCCACGGACTGAAGGAGAGGA 320 Hik
miR-219a promoter-R CCGCTCGAGCACAAGGGGCCGAATGTCT
miR-370 promoter-F1 AACGACCCTCCGCTGCTG 150 e it
miR-370 promoter-R1 CTCCCACCGCCACCCCTG BEDLTE
miR-219a promoter-F2 TCCCCGTCCCCTTCCTT 200

miR-219a promoter-R2

CATGCGGAAGCAGGGAC

T S 0 e Oy ) £57 55 A
The underlined bases are restriction sites and protected bases
1.5 HERABARENMIAT RS ROSKFE
AR 2 X 107> 28 b 34 B it Y 5% 3% 58 1 1) KL
A0, fin A 500 pL Fi¥4 1 X Binding Buffer # 3% 8 & ,
B 5 M A5 pl Annexin V-FITC #15 pl. PI, %%
TR A IREOEHEE 10 min, I 5 58 WU 4 1 i
22 SRS 00 4 0 1 % (Q2 I Q3 4B I 1 43 %) o
i il ROS 7K P-4 Ik F an 1) G 1ft 78 15 77
JEH B DCFH-DA I i A b 28 5% 4 e 35 55 56 iLUe
) SR 40 i P, BT 37 CCRE R4 TR 30 min, ¥
7 50 WG R TG L3 55 % R 28 ok 3k LB ok i
AN E DCFH-DA , f Ji {48 1 37 =X 41 A 434G 0 41
Jifa 9 ROS /K-

1.6 ELISA# i SOD &4 5 MDA 7k F

W Kb P B8 Hr Y S B 1) R 200 R 0E AT 4 A L B
O WA A I R, 8 e BCA B AG I 2 1 Mk
a3 4 R R = R A AR W B AR B (SOD) I 4 46 T
7 & IR A Ak N 8 (MDA ) ZK 6 57 &
rhd B 5 AR A T R AT A A3 AT o
1.7 BEHESRAEZHFERN

ZHE B A ) TR Ry A RS W AR 98 5% KLEFS
2 5% ¥ 51 (NM_001097489) 4 i H: 4 K DNA ¥4 ,
TE T4E LR VER T 54 pcDNAS. 1(+) %k
TR HEAT % 45 97 7 4k & DHbSo RS2 40 Ml b | 5 408
B BEBCRA 5 [ LA K Sanger I Y e 28 3R 45 P 1 5 4
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B A B AR A KLFS W 78 45 5 7 45 19 miR-370 il
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fi FHHLV% PBS ¥ Uk 40 3 U<, Jin A 40 i 24 1
IF BT UK b # B 30 min, &) 4N M 24 0% 4 IR A 4 °C
PR 12 000 remin B0 10 min, B0 45 95 Y 4E
EHEE®R., Wi BCA KK E A WE, 2%
PEA BRS ¥ B AL 15 pg & A AR #E1T SDS-PAGE
Rk, UK R ERKE R TR EAKRD R
PVDF &, bifi J5 12 A £ W = IR 48 B0 2 h, m A
H bR & PR (1:1 000 6 B ) I B T 4 CH 8 7
B, H M TBST ¥ ¥k 3 W Ja A b 1gG-
HRP Z 40 (1: 2 000 7 B 17 H . Z|EF
1.5h /G ECL B & , 1 1~3 min /5 #& T 1k
SR AL R AT AR B I AR
1.9 FEFR%EEIIE(ChIP)

ChIP i 55 544 ik 72 2 2% 141 A i 399 A0F 55 109 O 1
HEAT 2 10 H I Y 58 B0k UKL 40 i 15 min S5 0
A 5 mols L™ H 2R B K 15 min, WA 40 i N &5 9 It
WMBEREAPETREA/ROREEY .54
R A FR i 52 BE I DNA 446 J5 58 3 PCR % & 5
H b5 8 B AE R Y (o R Beofn & 2K TgG ik
R WA SR B o B A 20 Ak B e £ S5 AR R
FEAXT HR (Input) , BT HBI #7510 L 3% 1,

1.10 HEHH

T B3 44 % F Excel 2023 #5444 #4710 4 HL LA
“OF P AE A B AR (SEM) B 2R R 45 Rl
GraphPad Prism v8. 0 %k 1 # 47 £: ¥ . #| 1] IBM
SPSS v26. 0 F A X Eodl 17 G2 it o A, 43 R H ¢
K 56 (&1 X #5421 571 ) Al one-way ANOVA (£F %
3AS K UL 20 ) #EAT i 3 1 43 B, P<<0. 05 454X 2%

S F (LU A RN FHRER ), P<<0. 01§51/t
SR (Dl all R Rl R R ), 0. 05<<P<<
0. 13/ BHA MR AR

2 &% B
2.1 35098 Ek 40 B B miR-370 0 miR-219a i K7
SR R IE T

5 A MBS cE LSS A0 B A T AL ROS
& % 0 Hr DL ELISA i 5 % 40 b 45 1 R
150 pmol-L ™" H,O, &b B 5 SR S s 75 09 5 99 7 550
7 240 TR 25 48 4 LR 5 B 1 a2 45 (1L 1A ] B Jd 25
A HE A1 I T2 (P<<0. 05) (& 1B ) , & 35 $2 /&5 40 i 1N
ROS Z#(P<C0.05) (K 1C) , #% & 3 T 8 SOD i
P (P<<0.01) H #% & % L8 MDA 7K (P<<0.01)
(EI1D), DL 145 54 3= WA 51 o J0R: 48 A 1A 21 5010 1
WS RY E NT IY) o BT e Sy R B, AR AR R
TR 7S Ak 44 miRNAs(miR-7136,
miR-219a, miR-9860 Al miR-370) iy 5 ik F fF (P<<
0.05) (K 1E) . i#f — I RT-qPCR i 50 U 55 5%
B ¥ 50KE 410 L FP miR-370 5 miR-219a Wi Ji7 48 4k
e 5% B 3R I (P<<0.01) , 1fii miR-7136 5 miR-
9860 & B th T 4 & # (& 1F) , #2785 miR-370 5
miR-219a V& 76 & P E AL i fe
2.2 miR-370 1 miR-219a 5 ER-FBEAEBINEA
fArhgRik

% T H B AT miR-370 A1 miR-219a (1 5 A< FEAE
I ZEL D ARG B e A R [F ) R U AR )T
G5 WA TF B o 2 HXT A3 AT & B, AN R ) Fl miR-
370 1P A1) (1) — BUE R ik 97. 33% , LT 41 o6 42
— 55 A [A 9 Fh miR-219a R 44 7 51 (1) — BME ik
97.37% , BUAJT B 1) — B PE R ik 96. 36 %6 (&1 2A) .
Yo Jo A8 LA AT R B, 3 E S [l b A
TR ST 1 e o A 6 FIAH (] 7 &0 30T 4 A5 5K PR, G o
miR-370 i T RTL1 1 DIO3 % 4 [a] ,miR-219a fii T
HSD17B8 #1 RING1 £ [H [a] ([ 2B) . LA b 45 R 5K
B miR-370 Fl miR-219a 7£ /A [] 9 Fb o 2 £k v 5 £
5F o Chen %83 i oy 8 s 0 5 #4 £ 1 4% miRNA 41
ZUFGRTE & miR-370 76 J4 B A1 DN B 41 21 rp iy %
ik, miR-219a 78 B 5L 41 4Urb 4 S v e R 3k (1 20) 6
HE— 25 K miR-370 Fll miR-219a 7E i 56 5% .00 AT .
LN T 1= N NS S R AR SN SO S v (T
RWIR, ZF WA R AR I ) 2
R—FHWAENE AN P mERAE(E 2D) .
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Fig. 1 Effects of oxidative stress on the expression of miR-370 and miR-219a in sow GCs
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g 5 3iF miR-370 Fl miR-219a 42 7 B A3 41 A 1k
TRE , A BIF 5 1 S0 2 AH O o B & B A 1 Rk
JKF- 55 4 B 36 30K A1 i b SOD 13 4 52 4 3% 1 AH
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A Mature miR-370
SSC-pl‘e-miR-370 AGACAGAGAAGCCAGGUCACGUCUCUGCAGUUACACAGCUCACGAGUGCCUGCUGGGGUGGAACCUGGUCUGUCU
hsa-pre-miR-370 AGACAGAGAAGCCAGGUCACGUCUCUGCAGUUACACAGCUCACGAGUGCCUGCUGGGGUGGAACCUGGUCUGUCU
mmu-pre-miR-370 AGACGGAGAGACCAGGUCACGUCUCUGCAGUUACACAGCUCAUGAGUGCCUGCUGGGGUGGAACCUGGUUUGUCU
bta—pre-miR-37O AGGCAGAGAAGCCAGGUCACGUCUCUGCAGUUACACCGCUCACGAGUGCCUGCUGGGGUGGAACCUGGUCUGUCU
oar-pre-miR-370 AGGCAGAGAAGCCAGGUCACGUCUCUGCAGUUACACCGCUCUCGAGUGCCUGCUGGGGUGGAACCUGGUCUGUCU
Mature miR-219a
ssc-pre-miR-219a UCUUGAUUGUCCAAACGCAAUUCUCGAGUCUAUAGCUCUGGCCGAGAGUUGAGUCUGGACGUCCCGAGCCGUCGCC
hsa-pre-miR-219a UCCUGAUUGUCCAAACGCAAUUCUCGAGUCUAUGGCUCCGGCCGAGAGUUGAGUCUGGACGUCCCGAGCCGCCGCC
rno-pre-miR-219a UCCUGAUUGUCCAAACGCAAUUCUCGAGUCUCUGGCUCCGGCCGAGAGUUGCGUCUGGACGUCCCGAGCCGCCGCC
mmu-pre-miR-219a UCCUGAUUGUCCAAACGCAAUUCUCGAGUCUCUGGCUCCGGCCGAGAGUUGCGUCUGGACGUCCCGAGCCGCCGCC
ocu-pre-miR-219a UCCUGAUUGUCCAAACGCAAUUCUCGAGUCUAUGGCUCCGGCCGAGAGUUGGGUUUGGACGUCCCGAGCCGCCGCC

B
Chr.  Location Neighbouring genes Chr.  Location Nelghbourlng genes
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8Kk 053 k
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A. Sequence alignment of the pre- and mature miR-370 and miR-219a among species; B. Chromosome location and neighbouring

coding genes of miR-370 and miR-219a across species; C. Tissue expression profiles of the mature miR-370 and miR-219a

established by high-throughput sequencing; D. The expression levels of mature miR-370 and miR-219a in different sow tissues.
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Fig.2 Conserved miR-370 and miR-219a are highly expressed in sow ovarian tissue
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A. Correlation of miR-370 expression with the levels of SOD and MDA in GCs;B. Correlation of miR-219a expression with the
levels of SOD and MDA in GCs; C. Overexpression efficiency of miR-370 and miR-219a (OE) ; D. Effect of overexpression of

miR-370 or miR-219a on the ROS accumulation in GCs under oxidative stress; E. Effect of overexpression of miR-370 or miR-

219a on the levels of SOD and MDA in GCs under oxidative stress; F. Effect of overexpression of miR-370 or miR-219a on the

apoptosis of GCs under oxidative stress
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Fig. 3 Overexpression of miR-370 and miR-219a inhibits the oxidative damage in sow GCs
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the inhibitory effect of oxidative stress on the expression of miR-370 and miR-219a; C, D. Effect of oxidative stress on the
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Fig. 4 KLFS5 inhibits the transcription of miR-370 and miR-219a in sow GCs by acting as a transcriptional repressor
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