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miR-324-5p Syk/Ras/c-fos
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miR-324-5p inhibits
mesangial cells by regulating the Syk/Ras/c-fos pathway
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lipopolysaccharide-induced proliferation of rat glomerular

Abstract: Objective To investigate the effect of miR-324-5p on the proliferation of rat glomerular mesangial (HBZY-1) cells and
the role of Syk/Ras/c-fos signaling pathway in mediating this effect. Methods HBZY-1 cells cultured in vitro were transiently
transfected with miR-324-5p mimics or miR-324-5p-mimics-NC followed by treatment with lipopolysaccharide (LPS). MTT
assay was used to detect the proliferation activity of HBZY-1 cells, and RT-qPCR was used to detect the expressions of miR-324-5p
and the mRNA expressions of Syk, Ras, MEK1/2, ERK1/2 and c-fos mRNA. The protein expressions of p-Syk, Ras, p-MEK1/2,
p-ERK1/2 and c-Fos were detected by Western blotting and immunofluorescence assay. Results MTT assay showed that
exposure to LPS significantly enhanced the proliferative activity of HBZY-1 cells. Compared with the cells treated with LPS
and LPS+mimics NC, the cells transfected with miR-324-5p mimics prior to LPS exposure exhibited significantly lowered
proliferative activity. Transfection with miR-324-5p mimics significantly lowered the mRNA expressions of Syk, Ras, MEK1/2,
ERK1/2 and c-fos and the protein expressions of p-Syk, Ras, MEK1/2, ERK1/2 and c-Fos (P<0.05), and reduced numbers of cells
positive for p-Syk, Ras, p-MEK1/2, p-ERK1/2 and c-Fos proteins following LPS exposure. Conclusion miR-324-5p can inhibit
the proliferation of rat chronic glomerulonephritis cells induced by LPS by inhibiting Syk/Ras/c-fos signaling pathway and
may potentially serve as a diagnostic indicator and a therapeutic target for chronic glomerulonephritis.
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NIEAEGRIS/NRNA, Bl H#5 mRNA 3'-UTRs %5
B RESE RN BARSER ) mRNA, HEE % 5 /K F
PE H AR SRR 2R, IS S5 4 g 5E © , 43167 Al
PAT- VR  STFZ R e R AR IAHSE S miRNA
BRI ST £ a5 o AT i I3 a5 SCRik i
T 5 B 2 A 5E miRNA, #F— 4238 11F RNAhybrid.,
targetscan Fll miRanda 7347 i il] miR-324-5p 3 5
EFURRZH iy S UE 1) B 48 SR Syk AT BEAAAE BLAD
JF41. HETC &M miR-324-5p 2 5 -5 AT 40 i 1
FEATAS 228, /N LA R ) A s R DL AT
PRS- RORE I AT TR . SR A B 4
LU )3k B X /N 2R IS AT A B ) 4 P 7 oA DL
B , miR-324-5p 7EMPE B /INER 1 & VR I BL T2
(EEESSER[S At

VLT R (Syk) 2 K/ A 72 000 1Y —FhlEsZ
(AR S TR , 714 2 A e T 2 AN Fe s2 44 #MASZ
PR A RS 5 A ol R il B AR
Y, BHGEZEW, Syk i A1 R UGS ok k15
oA e D RE Y AR B S T
i Syk/Ras/c-fos {5 Z it i 1] LAISAR CGN KA1
FE AR HAE CGN Hh &3k 14 Y 2 L 1 A B
B, PRIMAR SR LPS 1753 1 HBZ Y- 1 4 i/ R it
IR I TE HBZY -1 41 & it #38 miR-324-5p,
WMEEL FE IR miR-324-5p XF HBZY - 1 4 fIH4F fE 111
S22 75 5 Syk/Ras/c-fos #HC , LA Syk A (1 I Vi
miRNA YA AT, S CGN BRI 4 F2A AL
PEAUL TR bR S R

1 #RF A&
1.1 22X A 5885

KB /INEK F 41 Y 2 HBZY-1 (Procell, it
CL0092) , EZ-10 Total RNA Mini-Preps Kit (Sangon
Biotech, #t 5 : F702KA2320) , ABScript II RT Mix for
gPCR with gDNA Remover (ABclonal, fit 5
9619580410) , Universal SYBR Green Fast qPCR Mix
(ABclonal, #1t'5:9619030419) , M5 TAES (TN IR
IAF AR AARA ), & 205 3% ROl
(eppendorf) , 7 EEETH( i AR A IR A R A
A)),PCR {¥(Biorad) ,real-time PCR {¥(BioRad).
1.2 =7k
1.2.1 mfasgsEics o HBZY-13em MR,
IG M miR-324-5p BN 751l HENC 591 0 2R
lipo3000 2771 & 5 o 4% U 7 51 21 HBZY- 1 4 i, I 4%
HBZY-1 405041 : (D)X HRZ : HBZY- 1 40U A2
kA3 (2)LPSZH :HBZY-1 4 AMEE 4 0.5 pg/mL
HINEZ KR 24 h; (3)LPS+mimics 2H : HBZY-1 4Hfit0%%

A miR-324-mimics 7 BEMAMKEE A 0.5 pg/mL HI§
21 24h; (4)LPS+mimics-NC 41 : HBZY-1 it/
A miR-324-mimics-NC i BUS ITAWEE N 0.5 pg/mL
HINE 2B 24 ho 555524 hJm B O400 B 40
TR

1.2.2 MTT & 2 20 Jo 3 58 & M $42 1.2.1 T RO
HBZY-1 41534, 2.5 o/L ek HE-0.2 g/L £ e
VU 2R IH AL 45 4L HBZY-1 i 5 100 mL/L B4 i,
I 1Y) DMEM 35 35 5L l0 i 40 BB, LA 1> 10° L3R
T-96fLH P, TEE 7 24 48 .72 hiHAEFLINA 20 uL MTT
(S mg/mL) , RS 4 h, Z kB R WA LK
P, AL 200 pL —H AR, 4R35 %% 10 minJ5
B Y 490 nm ALK OCRE , B 6 T £

1.2.3 RT-qPCR %44 M miR-324-5p & ik 525604 [A]
1.2.1300 F34H. EZ-10 Total RNA Mini-Preps KitH#2HUE
RNA, S5MHEEEETHE RNAVREEFIZERE , B2 pl &
RNA, RHI miRNA 4—4% cDNA & () (Sangon
Biotech) 4/ miR-324-5p ¢cDNA J5 #£17 RT-qPCR,, )i}
SAZR 20 WL, miR-324-5p L5 1MF 5 0 F:5'-ATCG
CATCCCCTAGGGCATTGGTGTAAT-3', % ik &
PEAUER T U S LA KNS U6 i1 17t PCR M
1.2.4 RT-qPCR #:#1 Syk/Ras/c-fos 125 4hAH% mRNA
Rk 12150 F/r4H HBZY-1 40T 450 T 6 FLAR
HE . EZ-10 Total RNA Mini-Preps Kit JH Tl &
RNA I e BE AR . N AR R 20 pLo ARFE I
T S I I R 5 0 Y 5 300 A Sk B B R O R TR
cDNA J5 47 RT-qPCR., Gene Bank i BUF &
1), Primer 5.0 8KF%1 175 14, B-actin RN S T8 it
PCR 737, PCR A1 UNER 1 i

1.2.5 Western blot 7544 Syk/Ras/c-fos 13 5 #h 48 % &
Bk ERMA I HBZY-1 400, it WA 07wt
YEFRIUE A M, B 20 pg $EHCH 41 M & A, SDS-
PAGE HLUK /MBS, T4 2 PVDF Il I, 5%/t IR 4
W E iR B P 2 he B P 58 U IS B B Syk (1:
1000) .p-Syk(1:500) .Ras(1:2000) MEK1/2(1:1000) ,
p-MEK1/2 (1: 800) . ERK1/2 (1: 1000) . p-ERK1/2 (1:
800) .c-fos(1:500)—%1,4 Cid , IAZHt(1:10 000)
FIE 1 hJe B,

1.2.6 %97 3¢ fe 347 & %2 Syk/Ras/c-fos 15 5 hAa %
FOxiE WU ERCRS RAF, %S HBZY-1)E
RN 6 FLAR N 5 35 LT, PBS 183 1R, 4% 2 IS =
15 [E %2 15 min, PBS %3 X, 4 °C .0.1% Triton- X f% i
30 min, 0.5% BSA ], il A Syk (1:100) . p-Syk (1:
100) \Ras(1:250) \MEK1/2(1:25) .,p-MEK1/2(1:50) ,
ERK1/2(1:50) .p-ERK1/2(1:50) . c-fos(1: 100) — %1
4 CHFA K, PBS k3K, BRI —Hi:1g G-FITC
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#1 RT-qPCRB|#MEE
Tab.1 Sequences and expected product lengths of the primers for RT-qPCR
Targeted gene Forward sequence and reverse sequence Product length (bp)
Svk F: 5-TGGGTGGTTTTGCTTTGT-3' 142
Y R: 5“TCCTGGGAGTGGTAATGG-3'
ofos F: 5'-CCTACCCCGAGGCTGAC-3' 131
R: 5'-CCTGCCTTCTCTGACTGCT-3'
Ras F: 5"TGGCTGGAAGTAGGAGGTG-3' 147
R: 5'-GCAGGCAGAAGAGAAGGG-3'
MEK 1 F: 5-GCGGGCAGCTAATTGAC-3 116
R: 5'-CCCCATGCTCCAGATGT-3'
F: 5'-“CGCTCACCATCAACCCTAC-3'
MEK2 R: 5'-CCGCTTCCTCTGCTGTTC-3' 128
ERK-1 F: 5-GAACCCCACCCCATTTTC-3 148
R: 5'-TCCACATCCAATCACCCA-3'
F: 5-CGGCGGTTAGTTCTCTCTT-3'
ERK-2 R: 5-GACTTGTGCTGCGCTTC-3' 109
Bactin F: 5-CCTCACTGTCCACCTTCCA-3' 120
R: 5-GGGTGTAAAACGCAGCTCA-3'
IgG-Cy3(1:200),37 °C %75 1 h, DAPI(1:100) %8 i 4t 0.800
£ 10 min JOCEHFIED SO R B S, . v
1.3 St s ot o600
H B a4 A SPSS22.0 FAF AT ST AL B, 45 2R w
N wr g v N 0.500 P . .
R NERERER . BEYUX AT 22T - g M et
MEAHZRINZES , P<0.0S R HAG Y 2049 .
=X, 0.300
0.200 -
—=24h
2 R 0.100{  48h
2.1 MTT#R|5% HBZY-1 tu e st b bk 0.000
Normal LPS LPS+mimics LPS+mimics-NC

5% RRZAR L, LPS Zb P 9 HBZY-1 i i3 A i
JIBAsE  7E 5L YL miR-324-5p-mimics F B 5 , LPS il
5 | 0 20 R B i P 3 e TR PRI (1 1) . 524 h Al
72 hH LY, 7E LPS 4L ¥ 48 h 5 HBZY-1 4l i3t /K -F-hx
15,48 h ok LPS S A S5 (1) e AR T B[], I HUAh 34
48 hi) HBZY-1 4 75 e85
2.2 RT-qPCR A& miR-324-5p £ ik K-F

LPS 173 HBZY-1 41 miR-324-5p ik /K-F-
H AT BRE RO Al B2 S A e T4 L(P<
0.01), Ik, LPS+mimicsZ 5 LPSZHAf Lt ,miR-324-5p
ISR W ETHE, ZERA G FE L (P<0.01,E2),

2.3 it &k miR-324-5p iF Syk £k 6% h

St HRZAA G, LPS 40 HBZY-1 4 i+ Syk mRNA
F R KFTFE 5 LPS 4447 L, LPS + mimics 2
HBZY-1 4 g 1 Syk mRNA 2635 7K [l . Western
blot FIEE 5 6453 R , LPS 41+ p-Syk 2 Y 36k
WA S 55 T R, 11745 LPS ZHAH Fb , LPS+mimics ZH p-
Syk & R IA i E R (&3, P<0.05)

2.4 it &k miR-324-5p % Ras &34 69 % h
LPS 20 HBZY-1 4iifffi#' Ras [ mRNA Fil 4 (1 #34

B &EHBZY-1 HAEIHEE N

Fig.1 Proliferative activity of HBZY-1 cells in different
groups. **P<0.01 vs normal group after 48 h of treatment.
”P<0.01 vs LPS group after 48 h of treatment.
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&2 miR-324-5p FERLAHBZY-1 AR EIRIAKTE
Fig.2 Expression level of miR-324-5p in HBZY-1 cells in
different groups. **P<0.01 vs normal group. “P<0.01 vs
LPS group.
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Fig.3 Effect of overexpression of miR-324-5p on Syk expression in LPS-induced HBZY-1 cells. A: Immunofluorescence assay of p-Syk
protein in HBZY-1 cells (Original magnification: x200). a: Normal group; b: LPS group; c: LPS+mimics group; d: LPS+mimics-NC group. B:
RT-qPCR for detecting mRNA changes of Syk in HBZY-1 cells. C: Western blotting for detecting protein expression of p-Syk. D:
Semi-quantitative analysis of p-Syk protein expression. **P<0.01 vs normal group. “P<0.01 vs LPS group; "P<0.05 vs LPS group.
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Fig.4 Effect of overexpression of miR-324-5p on Ras expression in LPS-induced HBZY-1 cells. A: Immunofluorescence method was used to
observe the changes of Ras in HBZY-1 (x200). a: Normal group, b: LPS group, ¢: LPS+mimics group, d: LPS+mimics-NC group; B: RT-
qPCR was used to detect the mRNA changes of Ras in HBZY-1; C: Western Blot was used to detect the protein expression of Ras; D: Semi
quantitative analysis of Ras **P<0.01 vs normal group. “P<0.01 vs LPS group.
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2.5 it & A miR-324-5p %F MEK 1/2 & A #93%v
LPSZHH"MEK 1,MEK2 mRNA F%3k &= TX e

ZH , 1M 5 LPS ZH4H [t , LPS+mimics 21 1 MEK 1, MEK2

mRNA FE15 07 i [ ; Western blot FI G2 G 45 5

DAPI MERGE

p-MEK1/2 45 000

75, LPSZH P p-MEK 1/2 8 FI A B] i s TR HREH,
M5 LPS 44 AH 1 , LPS+mimics 0 p-MEK 1/2 #5 [ i 2
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Fig.5 Effect of overexpression of miR-324-5p on MEK1/2 expression in HBZY-1 cells induced by LPS. A: Immunofluorescence method
was used to observe the changes of MEK1/2 in HBZY-1 (x200). a: Normal group, b: LPS group, c: LPS+mimics group, d: LPS+ mimics-
NC group; B: RT-qPCR was used to detect the mRNA changes of MEK1/2 in HBZY-1 cells; C: Western blotting was used to detect the
protein expression of MEK1/2; D: Semi quantitative analysis of p-MEK expression. **P<0.01 vs normal group. “P<0.01 vs LPS group.

2.6 it & A miR-324-5p 4F ERK1/2 %A 6937574

LPS 41+ ERK1,ERK2 mRNA &34 i i T} R
2H , 1M 5 LPS 40 4H H , LPS+mimics 20 " ERK 1, ERK2
mMRNA F3k I Z 4K ; Western Blot FI D45 TR i
7, LPS 41 p-ERK 1/2 ZR 1 R IA I I iy TR RREH., T
5 LPS 4HAH I, LPS+mimics ZH p-ERK 1/2 % [ #Y # ik
i E IR (K 6,P<0.01),
2.7 it & A miR-324-5p 4f c-fos & ik 6975k

LPS 20 HBZY-1 ZHJifi 1 c-fos mRNA FIEE A6k 7K
SR S TN FR4H 1 5 LPS 4H HBZY-1 40 AR 1,
LPS+mimics 211" c-fos mRNA FIEE [ #557K T i 354
(- 7,P<0.01).

3 g

GMC j2—F A I 7 B 7Nk R B T P i 2
2R Fe B R 2 SV B EYEFDIEE, 1T GMC
IR FE AN IRV 28 M B AR AT IR Y LPS J&
— PP ANM R R, AL AR AN B 2R SR IE
W1, LPS HA 53 1 /Nsk 2 I A s 7 A 4
I, ASSEG R LPS 5 51 HBZ Y- 1 4007 e v /s
BRI SR AN BRI AR

VAR VR F50 ML IR 2 R R PR B/ NER B 5%
F AR ALEN™ . miRNA A] 383 T — @il it
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Fig.6 Effect of overexpression of miR-324-5p on ERK1/2 expression in HBZY-1 cells induced by LPS. A: Immunofluorescence method
was used to observe the changes of ERK1/2 in HBZY-1 (x200). a: Normal group, b: LPS group, c: LPS+mimics group, d: LPS+mimics-NC
group; B: RT-qPCR was used to detect the mRNA changes of ERK1/2 in HBZY-1 cells; C: Western blotting was used to detect the protein
expression of ERK1/2; D: Semi-quantitative analysis of p-ERK expression. **P<0.01 vs normal group. “P<0.01 vs LPS group.
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Fig.7 Effect of overexpression of miR-324-5p on c-fos expression in LPS-induced HBZY-1 cells. A: Immunofluorescence method was
used to observe the changes of c-fos in HBZY-1 (x200). a: Normal group, b: LPS group, c: LPS+mimics group, d: LPS+ mimics-NC group;
B: RT-qPCR was used to detect the mRNA changes of c-fos in HBZY-1 cells; C: Western blotting was used to detect the protein

expression of c-fos; D: Semi-quantitative analysis of c-fos. **P<0.01 vs normal group. “P<0.01 vs LPS group.
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