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AT, ¥ RMC 2 S A H s WG FR I %) L B2 B (SIRTT #00E FD + @4 B 1 pemol /L 12 7 i (14 {5 A
KR 5% 24 h 5 W S BRSO %) . SIRT1 RNAI 4L (B T ¥ 9% % pTRC-shSIRTL B YL 4 h J5 , e B RO 55 5% W15
F£) .SIRT1 RNAi+ A4 ORI TP 8 pTRC-shSIRTL J& Y 4 hJ5 , e FH o B 15 32 085 35 ) | (6] B 350 1 5 0) R 2 A H e e g
BRI, DISER O E & PCR AR SIRT1T.MCP-1 Y mRNA %35, 8 [ BN s K SIRT1 A1 NF-xB p65 Z BEL & 1 1Y
Fik,ELISA Hi AR MCP-1 - & &, 4 JECRL I P IE SE T8 SIRT1 56 Y shRNA 12 95 8 20 044 #E L 1y . HL A8 4 1
RMC ™' SIRT1 £ #E3k (P<<0.01), SR RMC SIRT1 5 & iEFE L, NF-«B p65 & 1 Z BEALIE 38 , MCP-1 mRNA F17&
FIZKCF- 3875 5 SIRT 00 ) P22 7 e v 30 i W 5 AL 19 28 4k s T TR SIRT1 vk m M5 5 19 RMC NF-«cB ps6 Z 1k & MCP-1
mRNA FIE 173K (P<C0.05 5 0. 01, %+  SIRT1 Al &5 5 5 19 RMC MCP-1 ik, HALH 7T 8 5 NF-«B p56 % ZBEfk
AKX,
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Effect of SIRT1 on high glucose-induced NF-kB p65 subunit acetylation and MCP-1 expression in rat mesangial cells
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[Abstract] Objective To explore the effect of silent information regulator 1 (SIRT1) on high glucose-induced nuclear
factor-kB (NF-kB) p65 subunit acetylation and monocyte chemoattractant protein 1 (MCP-1) expression in rat mesangial cells
(RMCs). Methods The lentiviral shRNA plasmid pTRC-shSIRT1 was constructed for interference of SIRT1 gene and was
identified. The RMCs were divided into high glucose group (treated with high glucose culture medium), resveratrol (SIRT1
activator) + high glucose group (treated with low glucose culture medium containing 1 pmol/L resveratrol for 24 h, and then
with high glucose culture medium), SIRT1 RNAi group (4 h after viral pTRC-shSIRT1 infection, and then treated with low-
glucose culture medium), SIRT1 RNAi + high glucose group (4 h after viral pTRC-shSIRT1 infection, and then treated with
high glucose culture medium); we also established normal control group and hypertonic mannitol control group. The mRNA
expression of SIRT1 and MCP-1 gene was analyzed by real-time quantitative PCR; the protein expression of SIRT1 and the
acetylation of NF-kB p65 subunit were observed by Western blotting analysis. The protein level of MCP-1 in the supernatants
was detected by ELISA. Results DNA sequencing confirmed the successful construction of the plasmid pTRC-shSIRT1, which
could knocked down SIRT1 mRNA expression(P<C0. 01). High glucose decreased SIRT1 expression and promoted acetylation
of NF-kB p65 subunit, and increased MCP-1 mRNA and protein expression. Resveratrol, an activator of SIRT1, could reverse
the above changes induced by high glucose. Conversely, silencing SIRT1 gene significantly accelerated the high glucose-induced
acetylation of NF-kB p65 subunit and MCP-1 expression at both mRNA and protein levels(P<C0. 01 or P<C0. 05). Conclusion
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SIRT1 can inhibit high glucose-induced MCP-1 mRNA and protein expression in RMCs, which may involve NF-¢B p65

deacetylation.
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1.1 s3a4 REE/NER R B MR (rat me-
sangial cells, RMC) i At N 7w B2 B B oo B
HEK293T 4 M #k  H ATCC, &2 25 40 il TM109
WA A B s S AR R A R A F] L IR DMEM $5
FREE EHE DMEM 8532 3L 0 H Hyclone 24 W, i 4
Mg [ €AY A A, RSN DI Age T .
EcoRT #1 T, DNA ZE # § B Fermentas 2\ A ;
10 XM Buffer, 52 i} 9¢ 5% % & PCR i 7] & SYBR®
Premix Ex Taq™ (Perfect Real Time) 4 H TaKaRa
NCIIRY 3ok AN S NE R IR Rk AL/ b S =l
23 #4345 pTRC-EGFP, pTRC-Scramble-EGFP,
pHelper 1 pVSVG, pTRC-EGFP #4k & 4 fig ¥ 4
FIE/N RNA By ICl, [5] B 68 3% 15 1 5 A 4 (0,5 2R
M (EGFP); $it SIRT1 #L & 1 B Abcam 24 Fl
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(ab104833) ;¥ Z B4k NF-«B p65 $i 1&g [ Santa
Cruz( PA5-17264) ; MCP-1 (MJE00) ELISA # il iz
MEW A RED AH,

1.2 shSIRT BmFH Ay HEflr RIE
SIRT1 (XM _003751934. 1) % K {5 B, # 1] RNAI
FELR VA B A BN XE SIRT1 56 X 147 2% 5%
BAF IR ¥ 51 5'-CCT GAA AGA ACT GTA CCA
CAA-3"(fi T SIRT1 %K) 1 573~1 593 bp &b),
IEA BUER X585 5 19 W 2% B Kb SRS S AR T R
(DNA Oligo) : IE [ 5'-CCG GCC TGA AAG AAC
TGT ACC ACA ACT CGA GTT GTG GTA CAG
TTC TTT CAG GTT TTT G-3'; & I1 5'-AAT
TCA AAA ACC TGA AAG AAC TGT ACC ACA
ACT CGA GTT GTG GTA CAG TTC TTT CAG
G-3" (W% Age | #il EcoR T BEVIL ) 2038 K IE
XWEE DNA, 54 Age | EcoR | W AEFYIJG ) pTRC-
EGFP &3 A S 4 TM109, 5 2 & Amp
PrbER) LB SR 35 3L I 37°C 15 3%, $k ok BH 1 wo bt
% Invitrogen 2 &1,
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L, B LA B E 29 S 5 < 10" AN, Jin A pTRC-
shSIRT1 i 8 K B % 77 E A BE 8 pg/mL, R
ARSI 37°C 5% CO B 52401595 4~6 h i,
50 A IR AR SR 3R . A A R R L 4 R s 2R
& (pTRC-scramble-EGFP 5 8 ) X B4, 3 d J5 18
b 2 G B W R AR FE R EGFP B3R5 B
K SIRT1 mRNA FIH A £ R,
1.3 Sk am AT XA KB K RMC H&
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WEER TG S5 5 (2) HAE P EE (SIRTL B D + e A
O 1 pmol /L EE P B ) OB 1E F2 W85 5% 24 h
Jo S TR R G R W 97 SIRT1T RNAL 4, ImA T
Yo B pTRC-shSIRT1 /&Y% 4 h 5, #e G BE &5 57
WHE 37 s SIRT1 RNAi+ M 2H , 45 0+ e 2 2 e
4 hJE A H v R 8 IR KT 3R L [ I B O E O BRZH A
HEES B R BA% 3 21,
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1.4 3% k%% PCR # @ SIRT1 # MCP-1
mRNA #9 %k WHELM . H TRIzol #2H RNA, M
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CCT CAC TAA ACC ATC-3', ¥ Ha =¥ K B 105
bp;SIRT1 (GEHEFF5 . XM_003751934. 1) F 5]
¥H 5'- CAG GTA CAG GAA TTG CTC CAC
CA-3", FiE5I %A 5'-CTG ATC TCC TTG TTC
AAG TTC ACA G-3' ¥ =¥ K E N 85 bp;
MCP-1(EH ¥ 515 . M57441) B354 0 5'-CAC
CTG CTG CTA CTC ATT CAC TG-3', FiiF51 ¥
H5'-CTT CTT TGG GAC ACC TGC TGC T-3',
PG BN 93 bp, MK R ddH. O 10. 5
pL.SYBR® Premix Ex Tag™ (2X) 12.5 pl. [V
1% (10 pmol/L) 0.5 pL, FWESI# (10 ymol/L)
0.5 pL M cDNA 1.0 pL, BR R & 25 pL, B
S 95°CHUAEYE 1 ming 95°C7AEHE 10 s, 62°CiH k
TEAH 25 5,45 D, 7856 R Y LE A By B 32 B
B, B ESE 3 W, BULAE R A (Co)
WA i B A4 ACt(Ctyyzsem — Ctymaenm ) » FF
DVIEH 400 1 #F73—1k, DL 2 2 RoR B 1Y
FHXT 3B K,
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3| PVDF B b, # BT T-TBS(% 3% Mt g 4
¥OEM 1 h 5, 25 A —$Hi (SIRTL: 1: 100032
Btk NF-kB p65: 1 : 5000 4°C & 7. Bk, 2% 5 H
TP 5 000) FIEMEE 1 b, FEREE P R R L K
eI 2, A A B, SR Bandscan 5. 0 $k 44
GyHTSRAR OGE EEE, B E X Rk =H W&
LR/ NS Bactin (A,

1.6 ELISA #m e Lk MCP-1 &8 4%
A 0 R % 3% L L # B MICP-1 ELISA 3857 &l
B SRR I R

1.7 %itFam KA SPSS 11. 0 Gt 8kt 17
Giile b A R R L 25 R AL 2 R L
BRI 200, KK ()R 0. 05,

2 & B

2.1 Fi SIRT1 3 B # shSIRT % 5% 7 £ Ak 4 22
A W Es R R WA ) SE A IR € 48 1E 1
i A3 pTRC-EGFP #{kH, ¥ pTRC-shSIRT1 %5
T RMC G AR Z A R s g0t EA,
20 YL R AE 90 % LA B (B TA), SERT 56 E
PCR FIEE [ 5 B0 30 45 51 o 5 48 2040 Bl 21 Fn R
Y 20 A L, pTRC-shSIRT1 %5 5 /& 4t 4 SIRTI
mRNA FIE H KRB R T (& 1B.10),
1 2 3
e ]
v — ]

1L

Y
=

Relative expression level

3
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pTRC-shSIRT1 %% 2 Bt RMC /5 EGFP # SIRT1 B 5% i%

Fig 1 Expression of EGFP and SIRT1 in RMCs after infection with pTRC-shSIRT1 infection

A: Expression of EGFP in RMCs under fluorescent microscope; B: SIRT1 mRNA expression detected by real-time PCR; C: SIRT1 protein ex-

pression detected by Western blotting analysis. 1: Non-transfected group; 2: Empty vector; 3: pTRC-shSIRT1 transfected group. RMCs: Rat

mesangial cells; EGFP: Green fluorescent protein; SIRT1: Silent information regulator 1. Original magnification: X 100 (A).

non-transfected group and empty vector group; n=23,r+s

2.2 MEAIK SIRTL s & 4% 56 2 K whe
SIRT1 R &K ey #em  SEWE2EEE B PCR 45 R FlE
FIBT BRI 25 2R 7 e M 0 AT i/l SIRT1 mRNA

**P<C0.01 vs

MEAMEEL, SIEWNBALKZERAES T ¥E
Y (P<<0.01), R SIRTI 37 #) F 22 7 i 75 ok 1
A = WA § 19 SIRT1 mRNA fIE [ FEEHm, 5
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EREA LR 2 5 A Gt E X (P<<0. 01); @
SIRT1 RNAi T4 7] fff @& 4 /5 19 SIRT1 mRNA
AR A R IR — Lm0, Hod SIRTL A RIL S &
WA A 25 A B it 2 3 L (P<<0.05), Z55E W
#1.K2A,

2.3 iEFE SIRTI & 4% 56 RMC T ERAL
NF-«B p65 & & & A 69 % 25 1 B 45 S (A

2B) BN, mbEE T 24 h Rl 4 Wik NF-«B p65 &
IR, SIEH AR EZRA R ¥#E XL
(P<<0.01), L RNA T#e4 R SIRT1 L85 . 1]
fEPE R BHA S 1) RMC NF-«B & H LB K, 55
WA 2 S A Gih 2% 3 L (P<<0. 05), #1232
JE T TN AT LA AR o B S A NF-«B 2 A 2 Bk
K 5 A L 25 A Ge it L (P<<0.01),

F®1 HKHEMAKE MCP-1 mRNA,MCP-1 & B # SIRT1 mRNA B3R iL{ER
Tab 1 Expression of MCP-1 mRNA,MCP-1 protein and SIRT1 mRNA in each group
n=3,r+s

Group SIRT1 mRNA MCP-1 protein pp/(pg * mL ) MCP-1 mRNA
Normal control 1.000+£0.012 146.87+7.65 1.000£0.014
Mannitol 1.050+0. 022 148.3947. 34 0.86540.003
High glucose 0.47440.014"* 195.49413. 97" * 1.923+0.023* *
Resveratrol+ high glucose 0.73440.02354 150. 3546. 804 1.12840. 01644
SIRT1 RNAI 0.28440.010" * 207.87+9.25" % 1.963+0.013* *
SIRT1 RNAi+ high glucose 0.29140.0152 208.13+8. 154 1.956+0. 0214

SIRT1: Silent information regulator 1; MCP-1. Monocyte chemoattractant protein 1.

AL P<0. 01 vs high glucose group. n=3, x+s

2.4 B EARLEK SIRTI & B FF0 R @10
MCP-1 mRNA & @ &k e Hm LG E &
PCR 45 £ Al ELISA 25 R R, m AR 24 h 5l
{23 MCP-1 mRNA FlfE H A RE, 5 1E 5 XA
B EFAGIT %2 X (P<0.01), L RNA Tt
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Relative expression level
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** P<C0. 01 vs normal control group; ~P<C0. 05,

HARME SIRTT YLBR AT 3 — 20 T8 & B 75 5 1 RMC
MCP-1 ZEK TV, SRR ESAGEIT¥FE X
(P<C0.05), AH B, 122 P s 1 10 AT i g 0 % 2 10
MCP-1 RiEBEMR. SEMA K ESAGITFE X
(P<<0.05,P<C0.01), &R WFE 1,

] 2 3 4 5 6

— Acetylanon of
NF- kB p63 (69 000)

— [3 -actin (42 000)
is
®%
0 " A
3 —T— ;‘
E
i 2
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&
L5 AA
p
B
= 10
=4
5
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& HYMAE SIRT1 | 8 %%k (A) & NF-xB p65 Z Bk 7k F (B)

Fig 2 Expression of SIRT1 protein(A)and acetylation of NF-xkB p65(B)in each group

1: Normal control group; 2: Mannitol group; 3: High glucose group; 4: Resveratrol+ high glucose group; 5: SIRT1 RNAIi group;6: SIRT1

RNAIi + high glucose group. SIRT1 . Sitent information regulator 1; NF-«kB p65: Nuclear factor-kB p65 subunit.

group; & P<C0.05, &4 P<C0.01 vs high glucose group. n=3, 7=+

3 3 i

i PR I bl e W7 i 1) 22 0 e 30 B 4 R L R
I R K 2R AR S8 (RAS) 16 V3 i 4 2= 4L 7™ ) (ad-

** P<C0. 01 vs normal control

vanced glycation end-products, AGEs) I 1% . 25 H
B C(protein kinase C, PKC) Fl 4 1k W # A M £
il 4 B DY 5 A S 0 R RE 2 R R T S 1R IR B9 45
Pt o S0 S I OGS R . NF-«B 2 45 &
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i S B B 1, i ps0 B p65s WA A I A
MM, TEHEIRE T, NF-«B 5 H A& K LB 4
G54yl NF-«B LLJCIE M 0 T8 A7 78 T s s 2
20 i A2 2 4% Fh Ol O . 1B & AR B, NF-«B # IS
fb., EHE LW 5E R, NF-«B p65 310 #i & 2 5%
e LB AL K S X NF-«B A9 36 M % 56§ 2. NF-«B
p65 310 M2 M2 5% £ WAk . Rel A/p65 .47 A fig
5 IkBa 256 . E AN . 5 DNA M CTTHEZE & L Hl
A S LR 2R3k MR, Rel A/ p65 W37 2 2 Bk AL,
FoiF NF-«B/TeBa #H B 7E H, #F 110 9§ NF-«B 1
PESO D BFGE W, SIRTL I BEff NF-«B 1 Re-
IA/p65 WEAAL & ZBEAL , HE T A0 6 NF-cB 1 5% 5% 1
P, T B 3 A AE 7, Yoshizaki 2510 BIF 57 45 5 i
/R, SIRTT AYBLIE  RelA/p65 B 25 Z BEfL , A
AN TNF-o 355 09 R 5 S . 1 &R 3T3-1L1 A
i ML SIRT1 K& [H A 34 i NF-«B p65 /9 i {7k
-, MO 5 A A DG R R R R T A A

B /INER 72 IS A4 A 2 /0N R [ 00 L v s g e
BR B AL, 72 DN I R AT 43 0 K B R M L Bpl
20 M AL Cextracellular matrix, ECM)FRE , 305
ANER B Ak, B 5E K B B AR R A AT A i s
SIRT1 14 il 4 4iE F 42 #F F R DN SIRTL 11
PO A A RE T LU T ps3 i R FOX i 1R %
B 1) R A0 i S AR N KT | SRR 2k
{4 48 A 1 3 BE L BT TGF-, i 5 M 2 1B 40 i 0
THE D HR R, SIRTL 5 NF-«B p65 Z [H]
JE O AEEAH FAE v R WL AR E AW 5T 43 iR
BROSIRTL &b 31 22 5 i T i, 00 ¢ 5 0 5 5 19
RMC NF-«B p65 1) & i fb7K ~F & MCP-1 2 ik 19 48
b, S5 TR, EHRE S RMC %k SIRTL 37>, H
T SIRTI & HEAIFEAR . SIRT1 A S AP R AE T R 155 , B
NF-«B p65 LB KT8 . MCP-1 R J 8 1 Rk 1
I, AR T A B R 0 e B S g R Y SIRTL 3R
IRREAIS M NF-«B p65 CBEALAK T R#A%, MCP-1 5 S R
FIZeAI />, MiTiER SIRTT JE ALt T mb /e
fifi NF-kB p65 £ B ALK F MCP-1 E ik ik — 4.
X% SIRTL Al i NF-«B p65 A7 2 2 BEALTE b
P51 R IR R AE R 5 TR AP E . X AT RE R
DM FIRTT BRI i SR

4 FBMR
A A8 75 W AR SO T AT AT 6 2 o 2
[& % x #k]

[1] Navarro-Gonzalez J F, Mora-Ferndandez C, Muros de

[2]

[3]

[4]

L6]

[7]

L8]

9]

[10]

[11]

[12]

[13]

Fuentes M, Garcia-Pérez J. Inflammatory molecules and
pathways in the pathogenesis of diabetic nephropathy
[J]. Nat Rev Nephrol,2011,7:327-340.
Luis-Rodriguez D, Martinez-Castelao A,Gorriz ] L, De-
Alvaro F, Navarro-Gonzdlez ] F. Pathophysiological
role and therapeutic implications of inflammation in dia-
betic nephropathy[J]. World J Diabetes,2012,3:7-18.
Kong X X,Wang R, Liu X J,Zhu LL L,Shao D,Chang Y
S.et al. Function of SIRT1 in physiology[ J]. Biochem-
istry (Mosc) .2009,74.703-708.
Zhu X, Liu Q. Wang M, Liang M, Yang X.Xu X,et al.
Activation of SIRT1 by resveratrol inhibits TNF-q in-
duced inflammation in fibroblasts[J]. PLoS One, 2011,
6:e27081.
Jung Y J.Lee J E.Lee A S,Kang K P.,Lee S,Park S
K, et al. SIRT1 overexpression decreases cisplatin-in-
duced acetylation of NF-«xB p65 subunit and cytotoxici-
ty in renal proximal tubule cells[J]. Biochem Biophys
Res Commun,2012,419:206-210.
Kume S, Kitada M, Kanasaki K.Maegawa H,Koya D.
Anti-aging molecule, SIRT1:a novel therapeutic target
for diabetic nephropathy[J]. Arch Pharm Res, 2013,
36:230-236.
Schmitz M L., Mattioli I, Buss H, Kracht M. NF-kap-
paB: a multifaceted transcription factor regulated at
several levels[ J|. Chembiochem,2004,5:1348-1358.
Chen L F,Fischle W, Verdin E, Greene W C. Duration
of nuclear NF-kB action regulated by reversible acetyla-
tion[ J ]. Science,2001,293:1653-1657.
Kiernan R,Brés V.Ng R W,Coudart M P, El Messaou-
di S,Sardet C.et al. Post-activation turn-off of NF-kap-
pa B-dependent transcription is regulated by acetylation
of p65[J7.J Biol Chem,2003,278:2758-2766.
Yoshizaki T, Milne J C,Imamura T, Schenk S.Sonoda
N,Babendure J L,et al. SIRT1 exerts anti-inflammato-
ry effects and improves insulin sensitivity in adipocytes
[J7. Mol Cell Biol,2009,29:1363-1374.
Kitada M, Takeda A,Nagai T.Ito H,Kanasaki K.,Koya
D. Dietary restriction ameliorates diabetic nephropathy
through anti-inflammatory effects and regulation of the
autophagy wvia restoration of SIRT1 in diabetic Wistar
fatty (fa/fa) rats:a model of type 2 diabetes[J]. Exp
Diabetes Res,2011,2011:908185.
Xu Y.Nie L.Yin Y G,Tang J L.Zhou J Y,Li D D,et
al. Resveratrol protects against hyperglycemia-induced
oxidative damage to mitochondria by activating SIRT1
in rat mesangial cells [ J]. Toxicol Appl Pharmacol,
2012,259:395-401.
Kume S, Haneda M, Kanasaki K, Sugimoto T, Araki S,
Isshiki K. et al. SIRT1 inhibits transforming growth
factor beta-induced apoptosis in glomerular mesangial
cells wia Smad7 deacetylation[ J]. J Biol Chem, 2007,
282:151-158.

[AxXHmE] &



