[N RE N == GBS ) 5542 55 1 1]
- 8 - Journal of Nanjing Medical University (Natural Sciences ) 20224F1 H

- AR -
RREB1 XJ TGF-B1 %5 £ B= 2 e 12 58 1Y =2 i

RAIEE A Tww, F 525 H g REF
FE SRR B SR LR VTSR B ST 210003
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ing growth factor-B1, TGF-B1) 15 5K R BEAN MM AL 520 . 7735 : H TGF-B1 & RREB1-siRNA 4 4% 175 & I 4N , CCK-8
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Ko 22 A SR 1 . 25 R - S X IRZH A LA, TGF-B1 TS CCK-8 EARI 2 4T 48 5 1% 3384 n (P < 0.01) , PCNA ,a-SMA K&
RREB1 mRNA FEE /K340 (P < 0.01) , 4 i R U 48 7 S BT e A 2 334 2, G Il & 43 32> (P < 0.01) 5 5
TGF-B1 4 AHH# , RREB1-siRNA F Y+ TGF-B 1 T iy Z BN 58 16 F1 TR (P < 0.01) ,PCNA .a-SMA & RREB1 mRNA £l
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Effects of RREB1 on mesangial cell proliferation induced by TGF-B1
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[Abstract] Objective:To investigate the effects of ras responsive element binding protein 1(RREB1) on mesangial cell proliferation
induced by transforming growth factor-B1(TGF-B1). Methods : Mesangial cells were cultured in vitro, and transfected with TGF-B1
and RREB1-siRNA. The proliferation activity of mesangial cells were detected by CCK-8. Proliferating cell nuclear antigen (PCNA ) ,
a-smooth muscle actin (a-SMA) and RREB1 mRNA levels were detected by RT-PCR. The expression levels of PCNA , a-SMA and
RREBI proteins were detected by Western blot. Cell cycles of mesangial cells were detected by flow cytometry. Results: Compared
with the control group, proliferation activity of mesangial cells in the TGF-B1 group was significantly increased (P < 0.01). The mRNA
and protein levels of PCNA, a-SMA and RREBI1 levels in cells were significantly increased (P < 0.01). The cell cycle indicated that
the percentage of S phase cells increased and the percentage of G1 phase cells decreased (P < 0.01). In RREB1-siRNA+TGF-1
group, proliferation activity of mesangial cells was significantly decreased compared with TGF-B1 group (P < 0.01). The expressions of
PCNA, a-SMA and RREB1 levels in cells were significantly decreased (P < 0.01). The cell cycle indicated that the percentage of S
phase cells decreased and the percentage of G1 phase cells increased (P < 0.01). Conclusion: TGF-B1 induces mesangial cells
proliferation by up-regulating RREB1 expression.
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T8 22985 ( Henoch-Schonlein purpura, HSP) /&
JURH WY R S e i , 3228 & ALl H HiTIA
o IgA N PR BN R IR RRIZAE . 5
% P ' % (Henoch - Schonlein purpura nephritis,
HSPN) & i et S i UL R R4t 35 22—, ' A
P31 HSP B LA I BUS B UIAR O . B /N R R
B AR J2 HSPN = R BRIz — el
H: K A - B (transforming growth factor-B, TGF-B) &
— M ZIIREAN NN -, HATZ T AR 54 4 5E Y
IRSME AL % o ras OV ICHFZ5 5 21 1 (ras respon-
sive element binding protein 1, RREB1) Z&FA TR HZ
JIGES i B AR G BE 3K AS , 72 HSPN B L ) 1l 785 v 2%
SFRIRIG 21— R Z IR BRI 1, 5/ ak
IR, 2SS T MR ORI | R
P DNA 0B 2™ AR AE RSP WL 5
RREB1 #5450 X TGF-B 175 3 1) F B 41 i 3 58 11
S, R0 RREB1 T8 28 B4 i 35 5 b 9 VAT 0 —
ARV HSPN B AT fiE 2 A HLA , 2 HSPN AYi2iA 1R (I
HAIHL

1 #RFFE

1.1 ##

KR A (mesangial cell, MC) W 5 H [E #
RUSEFEWI L o BRAR LY SR . DMEM K5 773
(Gibeo 257, ) , TGF-BL(R& DA, EH ),
TRIzol i 7 (Thermo Fisher 22 5], 3£ H ) , PCR #: izt
F & (TaKaRa /A ], HAS) ,PCR 5|9 8L 44
NFEVA L, BCA TR & (R s P AE AR BT A
GAPDH Z i FEHUAIA T (¥ Abway A F]) , a-SMA
Pii (N Affinity 23 7)) , PCNA .RREB1 $T{£ (Santa
Cruz /2~ A, 32 [ ) , PVDF JEFI i 52 W (Milipore 23 H] ,
£ [E) , HRPFRIC LI AEPT %2 — 3T (Proteintech 23 7 ,
), CCK-8i7] £ (Cell Counting Kit-8, [f{ =/ ],
HAS) , 2 it JE A7) 82 (Everbright A 7], 2 ) o
12 F#k
12.1 sk

4 MC 4HHabE H 5 10% BG4 1035 /Y DMEM 3557
H(EHFHFHZ 100 wL /mL, 555 E 100 wL /mL) E 57,
BT 37 °C.5% COBEFM . Rrladkrh 4l K
2 70%~80%F , Fl 1 mL 0.25% [ i 1 1k 5 2k 47 1%
OB %, A M B 5% 50 3~8 AU T e . Ul x)
BOW MC A0REHEFD T 6 LA N, RRZ0 A BE FLEh A 2
70%~80%JC ML 15 35 TR AL M 2040 12 h 5, FEEA 7240 i
BEYL e T FRAL 3 24 h, J TGF-B1 (10 ng/mL) ™+ 75

Y HE, Fe LIS A AN T - D% I IR ; @ RREBI -
siRNA 41 ; @NC 41 (B %t IR siRNA) ; @TGF-B1 41
(10 ng/mL) ; ®TGF-B1+RREB1-siRNA £ ; © TGF-B1+
NC4 .
122 smipsti

WA XU R MC T, FH RS 5 00 R 2
RGBT o LAk P, 53R EIAEA N —
)2 , ¥4 B Lipofectamine 2000 YL Bl B 7464 . SEH
TG R SRR BN LR \RREB1-siRNA FIEFA X
W8, 2 J5 B AR RRUE R I RREB1-siRN A BB 4%
TR RIRA , IR T 20 min J5 A S5 35151 20
Morb VRS S B FRAE TR 6 h s R R 58 b
TR B YL 24 h SRR T
1.2.3  CCK-8 A% 2 feu 38 54 7% 7

WCHE MC 41 Y, FH RS 5 V000 R 200 B, SR J 0 4 e
Fie LU FD T 96 FLAR  , BEFLIA 100 WL 4 i 2
TR, e HE ST 622 HE 4320 00355 % A M 1 L 23 il o
A 10 pl. CCK-8 I, 75 37 CREFFE TR H 1~4 h,
JH B A S0 2 400 i A 450 nm A WO . 2
W AN AL, B AL R DMEM ¥ i) Al
CCK-8¥H) , LA IS8 i & 31k,
1.2.4 RT-PCRHFZ AN B 49 XK F mRNA #9 & ik

21 it iz 2H A AT 75 24 h 5 L BF 1 mL TRIzol i
FIMA 6 FLAR Y, FEHCAH L5 RNA, 20 wl. DEPC 7K
T , F Nanodrop 4365 FE TR I v B, AR 448 10t 5
SR 1 I AR i 5 cDNA , BIGE 57 9 fic il
10 WL PCR J W & & , I ABR7600 52 B ¢ ¢ %
PCRAHATHEN . GAPDH JN 2, Kl a-SMA \PC-
NA % RREB1 mRNA ik, DL 27" i 5A X 36
ki, FTHBIYITSILER 1,

%1 PCR3|¥F%
Table 1 Sequences of PCR primers

K 519F51(5°—37) P (bp)
RREBI-F  CGGCAGCTCTGTAACACGTC 61
RREBI-R  TCCCCCTCTCACCCTGATAA 58
PCNA-F  GACTTAGACGTTGAGCAACTTG 57

PCNA-R ATACGTGCAAATTCACCAGATG 57
a-SMA-F GGAGAAGCCCAGCCAGTCGC 65
a-SMA-R CCCGCCTTACAGCCCGGA 64
GAPDH-F TGGATTTGGACGCATTGGTC 58
GAPDH-R TTTGCACTGGTACGTGTTGAT 58

1.2.5 Western blot #| 48 JtL %% & & ik &
IR 2H T TR 2 M0 24 h )i, FI T4 B9 PBS BEi%
AR 2 YR, A A0 S A, L AR R A RIPA



- 10 - (2= S PN

A2 B 1
20224F 1 H

PMSF F1 & H EEIHI5] (100 pL+1 pL+1 wl) , i/
YA S T MM T oK M 1 h T EPE T,
4 °C 12 000 r/min #5.> 30 min 77 B 37 , BCA B4
B EE W B 2 i/ NHR I 174 AR Sx
G2 M, 100 °C4: & g8 28 M 5 min, H SDS-
PAGE LUK 7 E B o K S R R i =
PVDF i [, 2596 F 5% BSA £ 1 h, Ii—3 (KLt
% 1:1 000) T2 U0 & 30 min, F54 CEFE K. X
H 295 R &3 30 min J5 JH IXTBST YEME 3 Y5 , i —
FL(1:2000), W0 H 1 he IXTBSTBERR 3 ¥, I ik
SRR IR BEBERE R R G TR 434 Sl 5%
1.2.6 7= 40 e A A 2m e 2] HA

W 45 L AR M, TN 75% 0K 2T, WR AT 34 %),
-20 °C [ 0%, EALRETF-REC, n 1 mL oK 1
211 PBS T2 AN AL, i LA P e G G, BRI A
500 pL Ak P BE Gy (0, 9% 1% O 75 43 5 B 40 LT
VE, ZIR TG R 30 min S5 7 2 4H ARSI 4 i
JEl
13 %it¥sE

K H Graph Pad Prismd &t 1124504 754 7 Kb 41
M T TR DA B PRI 22 (x = 5) R AL 25 57
LU R FHBA R 2 5 22 50 BT (one-way ANOVA) , B 7%
oA SR SNK K56, P < 0.05 W= R A G2 L.

2 & R
2.1 TGF-BI1 38/ 3k & I 28 fba-SMA % RREB1 &
A6 F R

525 F X FAH AR HG , TGF-B1 20 2 T 20 M o -

SMA .RREB1 £ 553k B &N, 2R A F i 5
Y(P<0.01,K1),

ZEHXTHRAL TGR-B141

a-SMA — w45 kDa
RREBI | S5 S 210 kDa
s

GAPDH | | 37 kDa

i 1 % Fnd e
A * * B TGF-B1
1.0
i
>~
Z 05
J
e 0

a-SMA
S FXHREAAALL, P <0.01(n=3),
E1 TGF-p13}ZELMI«-SMA K RREB1 Rk #20
Figure 1 Expression of a-SMA and RREB1 protein levels

RREBI1

in TGF-B1-mediated mesangial cell

2.2 RREBI-siRNA 5} B/ 3k & J 4m feL 38 78649 %5 vm)
CCK -8 2 6 0] 441 B 14 78 1% 3 784k, 45 R B
TGF-B1 2H A AL 78 % o W1 i T8 0 R A
ERAGIFE L (P<0.01); 5 TCGF-B1 4HAH I,
TGF-B1+RREB1-siRNA 2 41 i858 76 F1 N B, 22 5%
HHRITH#EX(P<0.01,K2),
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s X IBAAEL, P < 0.01; 5 TGF-B1 4HAHIL, P < 0.01(n=3)
B2 RREBI1-siRNA T3t TGF-B1i% S8 F B 40 A 158
=ap=Al
Figure 2 Effects of RREB1-siRNA interference on TGF-

B1-mediated mesangial cell proliferation

2.3 RREBI1-siRNA x5 3k 2 B 4 feu 3% 76 48 % K
B & A 6 %

5%t HEZH H 4, TGF-B1 4Ha-SMA \PCNA 251458
FHCHEE I mRNA SRk I 3G, 2 R A g1t # 2
X (P<0.01,K3A.B); 5 TGF-B1 41 H%:, TGF-B1+
RREBI-siRNA £ o.-SMA , PCNA 25 1 58 A 56 5& 4
mRNA Rk i B & TR, ZR A% E (P <
0.01). SXHEAH IL#, TGF-B1 41 RREB1 mRNA &
IKEIN ;5 TCF-B1 41 L%, TGF-B1+RREBI-siR-
NA 41 RREB1 mRNA £ikim F[&, 2R A5 # 5
X(P<0.01,K3C),

2.4 RREBI1-siRNA &} B/ 3k 2 I 48 i 3% 75 48 % &
SF SR

523 (A0 IRZA A 1L, TGF-B1 4 a-SMA . PCNA |
RREB1 & IR IA B B A5 (P < 0.01) ; 5 TGF-B1
2 L #E, TGF-B1+RREBI -siRNA 2H a-SMA . PCNA |
RREB1 R IE R IR TR, 25 B850 FE X
(P<0.01,F4),

2.5 RREBI-siRNA %t B/ 3Rk 2 I 20 i B 2049 % v

55%f BR4H 8, TGF-B1 41 G1 40 il 7 43 % 8
WREAL, G2 S WIAHM A 43R T 2= A gt
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Figure 3 Effects of RREB1-siRNA interference on proliferated mRNA of TGF-B1-mediated mesangial cells
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Figure 4 Effects of RREB1-siRNA interference on proliferated proteins of TGF-f31-mediated mesangial cells
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Table 2 Effects of RREB1-siRNA interference on cycle of TGF-B1-mediated mesangial cells

(%,x +s,n=6)
A5 Gl G2 S
75 X RR A 7932 + 1.17 6.53+0.78 13.95 £ 1.12
RREB1-siRNA 41 78.91 £2.17 5.86 + 1.43 15.36 + 3.40
NC 4 79.44 + 1.64 470 £ 1.17 15.86 + 1.86
TGF-B14H 69.96 + 3.26° 8.97 +1.28 21.25 +1.90°
TGF-B1+RREB1-siRNA 41 74.61 +2.26" 7.46 £ 2.06" 17.94 + 2.36"
TGF-B1+NC4H 71.54 £ 1.62 8.07+1.14 20.39 +2.18

SXFRRLH HLEE P < 0.05; 5 TGF-B1 4 L%, P < 0.01

AR R AR 22— {H HSPN 157Nk 2 JES 400 At A= 114
Joa B FHLHI R S8 2 ], TGF-B1 & —Fh 2 1)
RO LI PR, REAE IR Y 40 Ma RS 58 ik IR R B
FAT FEAR B /NER AR B R R R R i
FAEM . TGF-B1 AT AT B /NER [E 45 4 i 7 2
R0 i 70 3 R (extracellular matrix, ECM) & il 47 b
FITURL, RN AMF T B /NER 2 B AN M5 T B A
TGN T, HRTE 282 0 RSN 2 5
Y LA B AR A () ST

PCNA B3 78 40 i AZ A0 i, 2 i R 240 344 B 3
PR EE EEAE bR, 5 4 MR 0 8 DA O fEfE TIE R
38 5 4 6o 200 B A 1 A, AR
KT 240 R0 5 6 P R N = A B AR
BT B /INER ZR AN i T LA B3 I K B a-SMA |, ac-
SMA 1] D tE— 2 W38 2 PB4 L 14 i, A1 5 IOk 2
1B, ABFSERI T PCNA M a-SMA Bk,
TGF-B1 -1 1Y R B0 M _E- iR WP 2 (1 265 0 i
Fhin, F A TCF-B1 7] 5 e 2 IE 40 g B 51

5 1 1 B 5 b, AT A& K HSPN & L AF 7E
1 %R RIKMWZHK, il 3 UniProt 8888 & 43
Frofik & I mmEXE R, kI ERRIENZIK
PPLVGSSALLSGTALLRPLRPKPPLLLPKPPVTE X/
FIRTIAE M RREB1® . RREB1 J&4¥H8H: 5% H 111
— b1, BBAE 5 FEIL KU B 7 L1 ras [V TR AH 2
G0 2 54 MBS 5 L s A% K DNA $i £ 18
AR AE R AR OB PR R R A i
o SE R T A RS . AR R R R T RREBI
A0S 20 A 4 5 SIE 2 B RNA (AGAP2-AST) 1Y
B SR, 1T U 9 B AR SR AN R 1 B AE AT RS
16 H 7 9 40 i T, AGAP2-AS1 1545 Ras/MAPK i
i SURB AR N oW R B R <oy i N
RREB11E 4 I Bz -[8] B % 4k (epithelial -mesenchymal
transition , EMT) H1' TGF-B1 J#1iG A Smad % 5% [H 1 1)

KEAEAR 3R Ras F1 TGF-B1 3812 22 18] 1Y 43 7 B¢
Z, NP RS 5 % & PR AAF difk EMT™ . REFE
5% 2 B RREB1 S 2 U FRI5 AH OC A A A B 3 1)
B R, H A5 E/NEREE R R M 5E, #278 RREBL
FE B R EE/EH T RREBL A 0] 5
S DL AN 2 R R R R Sk, B R R R
P53 ] P16, 11 3k L 24 b ] A 4 G S S TR
)5 RIBHI S5 T RIS 5. (2
RAWFFEUESE RREB1 5 B /NER 8 55 240 it 184 5 =[]
FRAH DG

S K IRAE TGF-B 1175 T 1 B /N Bk ZR JBE 4
Mud&sE b, RREB1 19581 B34 hn, #2278 RREB1 &
TGF-B1 15510 R AN a4 5 b ] BE R HEVE- .l
THITRREBI 2R3 5 T TGF-B145 31 R R4
g, TAT 1 siRNA THEE R , & 38 RREB1 -siR-
NA T, TCF-B 1155 5 1Y 2 IR 4 i 354 78 2 24 il
HETE AR OCHE A PCNA 33K F M, a-SMA 35 I, 4ff
JHL B 6 R R, N A0 B BRI T G BRR
RREB1 iX — ras JZ b TG R 45 & 25 F 6B/ Bk & i
2 L ) 2 A B E R, {H i BRI I A
R W], HRE % U] RREB1 RE 4% Ras i B8 805,
11 Ras 30 [ 76 40 M3 a8 ke R 2AEH . BAESE ™k
P Ki-RasA-c-Raf-MEK-ERK X — {5 5 1@ [l 7. 2
557 A A AR A M A . miR-34a i
itk PDGFR-B/Ras-MAPK {55538 % 4 7 5% [ 24 i 14
B ARWESE T RREBL TG G140 it W f 1%
%, $&/8 RREB1 TR0 5 /N R 22 IS 40 i 1 4 A B
Tl AT fiE 55 24 ] A BE A G

25 B TR, 76 TGF-B1 55 14 2 JI 41 Jify 334 5
H1 RREBI 3, T4 RREB1 ] 411 th] 2 JIE 4 fitg 184
B, BEL V40 B JE 01, A5 2B A% A HSPN 1236 1 58 4
B, AE G Hp ) i U0 MIL R O AS BB, A R S e ik —
H5E



A2 EH 1 BTG 288, ] TH D, 25, RREB1 X TGF-B115 S R AR AN FE A5 [ ].
20224F 1 H Rt ER AR (A AR ,2022,42(01) :008-013 - 13 -
[52H] 15(10):1431-1437

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

DELBET J D, HOGAN J, AOUN B, et al. Clinical out-
comes in children with Henoch - Schionlein Purpura ne-
phritis without crescents [J]. Pediatr Nephrol, 2017, 32
(7):1193-1199

NOVAK J, MOLDOVEANU Z, RENFROW M B, et al.
IgA nephropathy and Henoch-Schoenlein Purpura nephri-
tis : aberrant glycosylation of IgA 1, formation of IgA1-con-
taining immune complexes, and activation of mesangial
cells[ J]. Contrib Nephrol ,2007,157:134-138

MELANI M, SIMPSON K J, BRUGGE ] S, et al. Regula-
tion of cell adhesion and collective cell migration by hind-
sight and its human homolog RREBI1 [J]. Curr Biol,
2008, 18(7):532-537

YU M, GUAN Z, LI S, et al. Gene expression profiling
analysis reveals that the long non-coding RNA uc. 412 is
involved in mesangial cell proliferation [J]. Mol Med
Rep,2019,20(6) :5297-5303

VANDER ARK A, CAO J, LI X. TGF-B receptors: in and
beyond TGF-B signaling[J]. Cell Signal,2018,52:112-
120

JIANG Y, CHENG D W, CROOK E D, et al. Transform-
ing growth factor-B1 regulation of laminin gamma 1 and
fibronectin expression and survival of mouse mesangial
cells[ J]. Mol Cell Biochem,?2005,278(1):165-175
BOEHM E M, GILDENBERG M S, WASHINGTON M T.
The many roles of PCNA in eukaryotic DNA replication
[J]. Enzymes,2016,39:231-254

CHANG C J,MINEI R,SATO T, et al. The influence of a
nanopatterned scaffold that mimics abnormal renal mesan-
gial matrix on mesangial cell behavior[J]. Int J Mol Sci,
2019,20(21):5349

T8, ok , il s, 5 S R B LIE T 2
JIR Ay 22 5 3R 5T [ ). AR M B R K224 42, 2019, 39
(4):239-244

FRANKLIN R B,ZOU J, COSTELLO L C. The cytotoxic
role of RREBI1, ZIP3 zinc transporter, and zinc in human

pancreatic adenocarcinoma [J]. Cancer Biol Ther, 2014,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

NITZ M D, HARDING M A, SMITH S C, et al. RREBI
transcription factor splice variants in urologic cancer[]].
Am J Pathol ,2011,179(1) :477-486
HUI B, JI H, XU Y, et al. RREB1-induced upregulation
of the IncRNA AGAP2 - AS1 regulates the proliferation
and migration of pancreatic cancer partly through sup-
pressing ANKRDI1 and ANGPTL4 [J]. Cell Death Dis,
2019,10(3):207
TR, 2 .2 R, % AGAP2-AS1 % Ras/
MAPK {5 5l B e HE 25 B AN M a4 e () . m sl B
BERAA2AA (A ARARR) ,2019,39(1) :16-20
SU J, MORGANI S M, DAVID C J, et al. TGF-B orches-
trates fibrogenic and developmental EMTs via the RAS ef-
fector RREB1[J]. Nature,2020,577(7791) : 566-571
BONOMO J A, GUAN M, NG M C, et al. The ras respon-
sive transcription factor RREBI1 is a novel candidate gene
for type 2 diabetes associated end -stage kidney disease
[J]. Hum Mol Genet,2014,23(24) : 6441-6447
LIU H,HEW H C,LU Z G, et al. DNA damage signalling
recruits RREB-1 to the p53 tumour suppressor promoter
[J]. Biochem J,2009,422(3) : 543-551
ZHANG S, QIAN X, REDMAN C, et al. p16 INK4a gene
promoter variation and differential binding of a repressor,
the ras-responsive zinc-finger transcription factor, RREB
[1]. Oncogene,2003,22(15) :2285-2295
KENT O A,FOX-TALBOT K, HALUSHKA M K. RREBI1
repressed miR - 143/145 modulates KRAS signaling
through downregulation of multiple targets[J ]. Oncogene,
2013,32(20) :2576-2585
B AR B, THERR, 45 S Y Ras-ERK
S P S S R 04 N AR R e 5
[T, AR AR A4, 2012,28(1) :41-46
CHEN D, LI Y,MEI Y, et al. miR-34a regulates mesan-
gial cell proliferation via the PDGFR - B/Ras-MAPK sig-
naling pathway [J]. Cell Mol Life Sci, 2014, 71 (20) :
4027-4042

[WfEEE] 2021-02-05

(AX4iE:%F #)



