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B OE: ARG AEEPAE miR-331-3p @AM ¥k, KT Lm0 ANERE G EAMET
miR-331-3p #9if & ik H Ak pcDNA 3.1 (+)-miR-331-3p, 144§ PK15 s 4 40, 5 h Fdn., SLast R
20, P HI R LA ) R 3t R, SR BR 40 et BB 40 4 %Y 4% 4 pcDNA 3.1(+)-miR-331-3p #= pcDNA 3.1(+). 7 #] 748
Fa 20 4 F| 5T B 20 4 5 4% 4= miR-331-3p Inhibitor #= miR-331-3p M M5t B8 (miR-331-3p NC). i if /£ & 207K m CCK-8
KA R Mg iAW &, AR PlL R EAN mepr Bl ks, BlaF, AR £ R AL E PCR (Quantitative
real-time PCR, qPCR) #i 4 K47 #| & & K3 & 1 5 (Inhibitor of growth family member 5, ING5). /& $H%& &
1R b2 B 2 (Cyclin dependent kinase 2, CDK2). #m it ) 41%& & 1R #143B& 3 (Cyclin dependent kinase 3, CDK3).
48 i, JB) H0F & AR BUME MBS 4 (Cyclin dependent Kinase 4, CDK4). #mfit B #1%& @ B (Cyclin B) #=2m e &) #1%& & 1R #
g B4 4) %) 1A (Cyclin dependent kinase inhibitor 1A, CDKN1A) #9 &k %k, 25 E &9, F I 4 miR-331-3p
REFREHZ, @IIEA B KA 48 h A= 72 h i aa AL B 3 2 ILh 52 B 40 > 5% 3o st B 48 Fm 3 k) ) 5T BB 48> 4 46
Flag A4 (P<0.05). 5 EIatRiaAnIL, FIA4 T GO/GL £A6d Ak T3, S B G2/M 4m i ¢d rb 4 L,
PR AR S Z AR FaY, I 51Tutigsh 69 L F CDK2. CDK3. CDK4 #= Cyclin B 4 mRNA &
BKFHRESZ, M35 e9 K E ING5 A= CDKNIA ¥ R I & F ey % KR R A M E T miR-331-3p
HAREBAR, BHAI miR-331-3p LA B L& e egse ), AR LR AFEAMET mMiR-331-3p A K
KA P RMAAH T T Ak,
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Abstract: To investigate the effect of miR-331-3p on the proliferation of porcine renal epithelial cells (PK15) and its
mechanism, the pcDNA 3.1(+) overexpression vector of miRNA-331-3p (pcDNA 3.1(+)-miR-331-3p) was constructed. PK15
cells were divided into four groups, including experimental group, experimental control group, inhibitor group and inhibitor
control group. Experimental group and experimental control group were transfected with pcDNA 3.1(+)-miR-331-3p and
pcDNA 3.1(+), respectively. Inhibitor group and inhibitor control group were transfected with miR-331-3p inhibitor and
miR-331-3p negative control (miR-331-3p NC), respectively. Above all, CCK-8 reagent was used to plot the cell proliferation
curve and Propidium (PI) staining was used to detect the proportion of cell stages. Secondly, its expression change were
detected by quantitative real-time PCR that included the growth inhibitory protein family member 5 (ING5), cyclin-dependent
kinase 2 (CDK2), cyclin-dependent kinase 3 (CDK3), cyclin-dependent kinase 4 (CDK4), Cyclin B and cyclin-dependent
kinase inhibitor 1A (CDKNZ1A). The results showed that the expression of miRNA-331-3p was significantly increased in the
experimental group. The cell proliferation curve showed that the number of cells in experimental group was significantly
higher than that in experimental control group or inhibitor control group at 48 h and 72 h (P<0.05). Simultaneously, Inhibitor
group was significantly lower than experimental control group or inhibitor control group in the number of cells at 48 h and
72 h (P<0.05), but there was no significant difference between the experimental group and the control group. Compared with
the experimental control group, the proportion of cells of experimental group in GO/G1 phase decreased, the proportion of S
phase and G2/M phase increased, and the inhibitor control group showed the opposite trend. Simultaneously, the expression
levels of CDK2, CDK3, CDK4 and Cyclin B genes in the experimental group were significantly increased, while ING5 and
CDKN1A genes inhibiting proliferation showed a significant downward trend. These results demonstrate that the miR-331-3p
overexpression vector was successfully constructed, and miR-331-3p has the ability to promote the proliferation of PK15 cells.
The study lays a solid foundation for further research for its role in pig growth and development.

Keywords: miR-331-3p, cell proliferation, overexpression vector, PK15, pig
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1 MREFE

1.1 M EREZRF

B F R4 (PK15). pcDNA 3.1(+) Tl
S FR BRI LI E AT . KIEE A LUR
FIHTERFEMIZ; DMEM 53535 . Opti-MEM 7
MER;FR%E . PBS, 0.25%JHE . G4~ 1% (Fetal
bovine serum, FBS) 4T Gibco 22w (3EH);
R RIS B T R E R A A H
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miR-331-3p inhibitor A1 miR-331-3p NC g ¥ I
I AR R A\ (P E E#); T4 DNA %
HHE . Kpn 1 N UG A Xba I N VI i ¥ 0 F
Thermo Scientific (25 [5); DNA $2EURHI & . Fik:
AL &A@ SR PSR DNA [ £
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55 B 516 L S e ¥ i A AR TR (1
) A R v S8 e SE 5 3l SO LR A0k K
FHY BRI E
12 EFEREH

10%58 4 K5 F2 4k« 109%fR 4 I 7% +100 1U/mL
HHER R +DMEM. 5%5E &1 Rk . 5% 4+ 1ML
+100 1U/mL H 5% £ +DMEM. JoAPTHEFRIE
10%/Ji6 4= IfiL % +DMEM .,
1.3 FHik
1.3.1 miR-331-3p i Fik B

B SEH A Primer 5.0 #5211 & miR-331-3p i
WA R es 19, 43 BITESL 8RN Kpn 1
N UIEEFN Xba T NI I B U478 DA K 2 bp £
Pt AA (% DM SRR IRBCE IS A 4 %
K12, L) DNA SH#EHRE %58 PCR #3151y =X
A% BB BL, PCR 7= W) 22 By He Wi 68 I F Dk 43 5
geafifemi . F s B A R BRI AR R i g )
R BE G HL vk o B . Zlifk il . T4 DNA fifig
MY HE P pcDNA 3.1(+) #iik |
1.3.2 #HjudEss

PK15 41 Fe 4 o8 e b 3R 0k, 5597 7E CO,
BigRf R, REFR4E N 5% CO,. 37 C. 41
KT 80%, e ARG FRIDEA T . X
S5 T A T A A A A RO, A S
PER T 95%.
1.3.3 HifusE Y

W AR B B IR I, AR KB — B B
e TCPURG I BLAk 2L s 57 . B0 or R 4 4.
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1) S2B4H . Y% pcDNAS3.1(+)-miR-331-3p #i 4 ;
2) SEEGXFRELL . #5Y pcDNA3.L(+)#iA; 3) ikl
FI2H ; #5% miR-331-3p inhibitor; 4) 117 XS BEZH .
% miR-331-3p NC. #4 YL B 4% B8 Lipofectamine®
3000 P65 HRAE, B 4 h ST I JC AT B
FRHE, 24 h JF B RS SE, 48 h )5
WA 4N

1.3.4 2l 4B AR 2%

Wi K R PKL5 4 1x10*/mL fiY % )% 12
Fl#) 96 LAk, AFLINA 100 pL 5%5¢ 455 373
SYHITESS Oh, 24h, 48h, 72 h 196 h, 4EfLhn
A 10 pL CCK8 it #l, 37 ‘CH53% 2 h, K5 MR
1% (Promega, 3£ [H) A2 2 7E 450 nm T ¥ OD
B, TFEPHME, IRl . SCuent A
JU0 50 00 LB AR A 500 %o B L ) A 2
1.3.5 #iffii RNA B K PEE & PCR

¥ PK15 AR Rl 6 fLAL, FRaifeila
K7 80%F YL AN, 48 h 5 R EAN I B RNA,

*1 KWHAIOEEBSIYEFT

SR )i I i 57 i cDNAL I FH Primier 5.0 1531 CDK2,
CDK3.,CDK4 . Cyclin B,ING5 ,CDKN1A #1 GAPDH
(Glyceraldehyde-3-phosphate dehydrogenase)
MPOLERT Y (& 1), H¥h GAPDH F5 LN
RN Z M FIF LightCycler® 96 S 2%t i 1
PCR &4t , #illid #ik miR-331-3p i £ it J& A A
SIER R RSO, Hog gt Rt 2wy
Wit ., RMER (20 ub) K. 2x TB Green
Premix Ex Taq 10 pL, b F#51414% 0.4 uL,cDNA
Btk 2 ul, ddH,0 7.2 L.

[FRE, ¥t miR-331-3p /Y BWFS 19 (£ 1),
T R E N s TR RS Y, LA U6
TER NS IEAN, 51400 miRNA S st it
BN U6 L 514 . AR T LightCycler® 96
SO E R PCR 248, Kl miR-331-3p Y%
kAR, RMRZR (20 pL) K 2x TB Green
Premix Ex Taq 10 uL, [ Fi#514974% 0.8 uL,cDNA
BEAR 2 ul, ddH,0 6.4 plL.

Table 1 Primer sequences of genes used in this experiment

Gene GenBank accession number Primer sequence (5'-3') Fragment size (bp)

miR-331-3p F: GGTATGGGCCTATCCTAGAA

Pre-miR-331-3p 100498734 F: AAGGTACCCCAAGTCCTCGTGTATGC 558
R: AATCTAGATGTCCACTGTCATCCTTC

CDK2 100154715 F: AAGATGGACGGAGCTTGTTATCGC 108
R: CTGGCTTGGTCACATCCTGGAAG

CDK3 100523273 F: TCATCCACCGAGACCTGAAGCC 192
R: AGACATCCACAGCCGTCGAGTAG

CDK4 100144492 F: TGAGATGGAGGAGTCTGGAGCAC 80
R: CTCGGAAGGCAGAGATTCGCTTG

Cyclin B 397662 F: GACTGGCTAGTGCAGGTTCAGATG 137
R: ATGGCAGTGACACCAACCAGTTG

ING5 110256977 F: TGGAGCACTACCTGGACAGTATCG 146
R: GGTCTTCACCGTGGCAATGTACTC

CDKN1A 100152215 F: CGAGAGCGATGGAACTTCGACTTC 200
R: TCCACATGGTCCTCCTGAGACG

GAPDH 396823 F: AGGTCGGAGTGAACGGATTTG 118
R: ACCATGTAGTGGAGGTCAATGAAG

Note: ___ denotes the protective bases; _ denotes the restriction site.
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Fig. 1 Bacterial liquid PCR and pcDNA 3.1(+)-miR-331-3p sequencing map. (A) Agarose gel electrophoresis of
bacterial PCR. (B) Sequencing map of pcDNA 3.1(+)-miR-331-3p.
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Fig. 2 Effect of miRNA-331-3p on cell growth curve.
* P<0.05.
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Fig. 3 Analysis of expression changes of miR-331-3p.

Different  lower-case letters denoted significant
difference (P<0.05).
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Fig. 4 Analysis of expression changes of cell
proliferation related genes. Different lower-case letters of
the same group denoted significant difference (P<0.05).
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Fig. 5 Flow cytometric analysis of the indicated cells. Different lower-case letters of the same group denoted
significant difference (P<0.05).
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miR-331-3p W& ik, 41N CDKNLA JEH
FIE T, CDKNILA E.A BH ¥ 2 M3 58 i 1 .
HREB TN —A R, miR-331-3p HA
R 2 L2 B )V o 55 A SR AR G BE R Y
PG E B ) FIE LS R UL, miR-331-3p HA fi i
g B B4 B W Th RE o A WFSE R B OINGS hy
miR-331-3p (3L B 7| miR-331-3p 93k 32 ik
P 2R3k B INGS K K] & A6 A0 W A9 I A E
WAE T X — WA, IR S bRl i rh
miR-331-3p 7 Al fig /& 38 1L VE T ING5 H:[H 15 5]
ARl 248 6L 184 5 )RR

4 Hi

AW E T miR-331-3p it Fik ik
&, IF H & miR-331-3p ] DL a1 1 i W AH O
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JE[H CDK2. CDK3, CDK4, Cyclin B LR Ay ik,
LRzl INGS #il CDKNIA f35ik, M fE #ksg
B bRz ARG A, X IR ABESY miR-331-3p fE M4
AR K E AL B E T Rl .
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