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?ﬁﬁ% B 5. Sirt]1 7 A 7 F 30 iy 8 4 3L S 5 0h ) BB R AF 4k 4 A TGF-B1/CTGF
152 T B39 %ok, CD-1 R AL A AR F K20 (Sham). A 4y Jk & 45 3U %A (unilateral ureteral
obstruction, UUO)#=UUO+SRT1720(Sirt1 7% 1t 71)20(SRT1720). Masson%: & /& H 4% T UL &
& 18] Jj 9= T AR, 4 %) Fl Western blotf=Real-time PCRA& M| Sirt] A 4 4148 % B FColl. o-SMA.
TIMP-1. PAI-1%& & /i #=#=mRNA & iA 7K F; TUNELA W 8 Jee 8 T 42 %, F) B 40 8 — 48 % B F
Bel-2/Bax#) % 4L; #0SOD. MDA. GPx. GSH/K-F VAT &AL T L. 5 ShamzaA8k, UUOZE
B B R R R R @ AR R E T 5 (P<0.01); Sirt] K-F BE MR E T & TGF-B1/CTGEAF. 4
$iAR X B FREARATAKFERF EA; B HKF R F I 5 (P<0.01). SRT1720-F F AL 4% %
FERUUOS | AL 69 B 1R R 4F 4k @ % & A2 (P<0.05), F) B 205 TGF-B1/CTGFK-F. 4 4148 %
FE AT KT (P<0.01), B F AR E IE A i%i7]<%(P<0 01). vA_E#LEA, Sirtl &1L SRT17204¢
B BCE B R A AR T, %4 A 5T 6 2 38 i3 TGF-B1/CTGFEAZ 5 il 34 44 4 ) F= B B2 3 55 L
.
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The Protective Role of Sirtl Activator in Renal Tubulointerstitial

Fibrosis and Its Mechanism

Du Chunyang, Wang Shan, Jiang Shanshan, Ma Tiantian, Li Menglin, Ren Yunzhuo*
(Department of Pathology, Hebei Medical University, Shijiazhuang 050017, China)

Abstract This study was designed to investigate the effects of the Sirtl activator, SRT1720, on unilateral
ureteral obstruction (UUO)-induced tubulointerstitial fibrosis and whether this effects depended on inhibition of
oxidative stress and activation of TGF-B1/CTGF pathway in CD-1 mouse. Renal fibrosis was induced by UUO in
CD-1 mice. The CD-1 mice were divided into Sham, UUO and SRT1720 groups. SRT1720 was administered. The
change of histologic were examined by Masson’s trichrome stain. The expression of fibrosis-related factors were
evaluated by Western blot and Real-time PCR. Apoptosis was examined by TUNEL. The study also examined
superoxide dismutase (SOD), malondialdehyde (MDA), glutathione peroxidase (GPx) and reduced glutathione
(GSH). SRT1720 increased Sirtl levels and partially ameliorated renal interstitial fibrosis (RIF) and apoptosis
induced by UUQ. Furthermore, SRT1720 also attenuated the levels of oxidative stress, including SOD, MDA, GPx
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and GSH. Meanwhile, SRT1720 effectively inhibited TGF-B1/CTGF induced by UUO. These findings indicated
that the Sirt1 activator, SRT1720, had protective effects on UUO-induced tubulointerstitial fibrosis. The mechanism

of role performed by SRT1720 may include, at least in part suppressing renal oxidative stress and the TGF-B1/

CTGF signalling pathway.
Keywords

5 18] 5T £F 4 1k (renal interstitial fibrosis, RIF) &
- P08 14 B 9 (chronic kidney disease, CKD) ] £
A Fe Ik R IR — o 3 [ R IR RIFAE B2
SR T e 32 AR REE, 5 AR B B RS A A G
RIF#% 4k 4 K [K] -F--B1(transforming growth factor-B1,
TGF-B1)/45 %5 4 23 4= K [F-F-(connective tissue growth
factor, CTGF)#& & W £ 4E A0 1) GBI 55 Al B 9T
KB, i T % % (reactive oxygen species, ROS)TE £F
YAl Ko R EEAE L, £E 2 5B i P ROSHA SR
BRI T F A4 PUERAS B R BT 1(silent
information regulator type 1, Sirt1)/=NAD™ & #fi 14 1]
it 2L TR LT, 5 B W9 (10 T3 SR 9% 25 L 1K) s B
A F R — T AR P

AR TG, Sirt 1 77 227 I e % i i 410
H TGF-B1/smad3 {5 5 il . A0 BB e stat3, JlE
TR ANE LT AL E B, SRT1720/2 —FhEl (4 2275
R B 2 /N 4y - Sint LEOE 7™ 58 T-SRT1720%¢
FA s PR AE G5 L B AR AR DR 3 1 S 5 20 1
XTGF-B1/CTGF. ROSHIFZMISLIL, HlA ILRIE .
A 0L, AT 50 I B0 PR A 5 L ST Jo 4T 4
AL, W2 Sirt 13 44 FISRT 1720 [8] J5 £F 44k '
JIE B PR AP A SR SRATL R, DASirt 14 Dy 22 il i
R R VR T oy T IR LS P S B4R

1 RS
1.1 #R

HEPECD-1/8 B, 128 6%, W8 B b 5 48 3 F) 4
S0 B R H R A Al. SRT17200 H 3 [H Selleck
Chemicals’A 7). /)y B PUSirtl B 50 B u 4k W H 3£
[E Abcam 2\ #]. % PLTGF-pl. CTGF. 17 fig i
(collagen I, Coll). E-44 ¥k & [ (E-cadherin, E-cad).
a-F¥F WLL3N & F (a-smooth muscle actin, a-SMA).
H AL i 4 J&@ 25 I 410 | 751 (tissue inhibitory of
metalloproteinase-1, TIMP-1). £F ¥ B Jil 84 3% 90 $0
] 7fl-1(plasminogen activator inhibitor-1, PAI-1). B
2 L ik B 983 -2(B-cell lymphoma-2, Bel-2). Bel-24

Sirtl activator; oxidative stress; TGF-B1/CTGF; apoptosis; fibrosis

KX K H(Bcl-2 assaciated X protein, Bax) & B-actin%
o % PR H € [E Santa Cruz/A &), Real-time PCR
A A TUNELR ) & 04 1 5% [H Promega /s 7 o Sirtl
T MRS DU R &% H 55 EIGENMED A 7). BiAR I
AAYIBERR C P/ BB RlgGIE H AL 5t 2 6
AR AE R A A A A B AL 5 (superoxide
dismutase, SOD)~ [N — % (malondialdehyde, MDA).
R 2 B H B (reduced glutathione, GSH) X2 43 Bt H
I A A P (glutathione peroxidase, GPx )£ I
B E A R AR TR T

1.2 753k

12.1 A ES . pERRM  SLIEIYIEE
WL A3 8 F R 4 (Sham, n=8), . % JR & 45
fL 41(UU0, n=8)FIUUO-+SRT1720(Sirt13% 1k 7)2H
(SRT1720, n=8). UUOAL /)N T Jo B £ 1F 47 Al
I RE SR, G 5E A . shamZH B A 4540
AR SRR AR E . SRT17202HF RT3 dIF4h IS I
7 SFSRT1720(100 mg/kg-d), £ A FT. KRJFH7 d
WhHE. DI B, 5y BT 4% 2 R E, 3T
FeamMEE . b 2%, TUNELRIWIE; 3 B
oy BT AR RAE, 3T B8 B LS RNAR 2
. e

1.2.2 Masson# & i M Masson#e 4. N
HPIAS-2000544% 73 B #1453 B - AL TG B, 45 2R DA
) Jo7 2T AE AT AR 1 23 B oRPL

1.2.3  R#BLAM F PR 4E A5 B N5 dUTPSE 1 ARtk
(TUNEL)#l el =  TUNELY: R 75 & ik
B4R, PR R E LM% . 1HEATUNELRH 14 44
Jfa, VAT RRE CABH AR 4 EL R R

1.2.4 Sirtl7& £ 0 & WA & A, JF % i
GENMEDZH i BR 18 5 8 1 (Sirt 1) & P a3 e &
K 0] S e B PR . %R B b R AT X
SR b ic N A BRI LBk bpS3 2 KR, 45t
Sirt] it LT L 5, B A7 mURE 3 PR S IR K e, BRI
HH ELA 5 B R A PR B 0 A 25 2R i (8 1405 nm),
B SR FH bt B9 A ) 5 24 PR 28 e A EOURE o v PR Bl v 12
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1.2.5 Western blot# il & & Jit /K- PN
T AR, WEEE, 4 °C. 12 000 r/min /0220 min,
Lowryi®& il & FiE W& A WK . &+ = ket
Tt BR B2 1A J Tk % (SDS-PAGE) %t i H Jk J&
% ZPVDFIE; WG 95k 3 12 h, 20 5 0 A bt
Sirtl. TGF-B1. CTGF. Coll. E-cad. a-SMA.
TIMP-1. PAI-1. Bax. Bcl-2 }B-actinPi 1£, 4 °C
R, WIS AR I A VR 1 PR SR P BRER
RPUIAR(1:4 0008 %E), 37 °CHEF 2 h; Vel 5 i i
k2% ) Yt (enhanced chemiluminescence, ECL)i 7,
ODYSSEY iz 41 71 Wt 5% e i 15 & 4t & 5 (L1-COR
Gene Company, USA). H 3 EUVPA 7] LabWorks
4593 M1 2 G 1A % Western blot 21 3547 & B0 #7
12.6 %K 58 & #PCR(Real-time PCR)}#-MmRNA
7K TrizoVEHREURRNA, #E1T s 5. Petsk
i & B PCRK F20 pLx M {4 %, SYBR Premix Ex
TaqTM II (2x) 10 puL, ROX Reference Dye (50%) 0.4 pL,
SES =2 uL, bR SR N1 ng/mL) %
0.8 uL, ddH,0 6 puL. M Z&AFH: 95 °CTIAE 30 s,
95 °CAZMES s, 55 °CiB k30 s, 72 °CHEH130 s, F£40
TEFR . MRHE LR E AR R R A A =, KA
27O R R Ak [P A 5 2R A

127 %itsa® S Dats#oR, SRASPSS
13058 T F AT Geit, IR LR A SRR R T 2 0
Mo P<0.05MZ5 R, P<O.0UNZERIEE .

2 H#R
2.1 SirtlFEEFIXFUUOS AR B8 RFE L
oA

FEUUOZH (BEFH ), Sirtl 2 [ 5 /K 7 FlvE 1 3¢

FARHEZE %, MUUO+SRT17204H Sirt1 55 FH /K
SR PEELUUOZH 35 8. 3% E FH(E1). MassonZe £
2R, UUOH AR 57 d/INE ) Joit X s A48 T BB R T AR
H I E I IN(E2A). Western blotiw 7w, 8 BH B i
Col17KF & 3 & T F AR 4, Real-time PCRZE I &
IR FERER A . SRT 17205 35 B T [7] 5 £F 4E AL T
L (E2A) M Col L (2D AT E2E) 3£ ik .

FE, 5EFARAME, /£ UUOZH TIMP-1.
PAI-1% a-SMAZ 15 & mRNA/KF-#5 83% LT+,
1M E-cad/K~F &3 F . SRT172088% & & FF K
TIMP-1. PAI-1. a-SMARIX, #1 E-cad/KF (K

2B~[2E).
2.2 SirtiELFIXTUUOA /RS N R 4RAR
AR

TUNELEEAG I R, UUOAL'E /N b Bz 41 v
T30 30, SRT17200 f8 X5 UUO S| #E 1 B /N
LA T (EIBAREBB). AN, S5F AR
Eb, SRT17208E % & 3 - B 1241 < K FBel-2E A
JmRNA ik, [FINAIH] 7 Baxds 3 AmRNAK]
A (E3C~E3E).

23 SirtlFELFI X TGF-pI/CTGFE BB IR K ik
A

TGF-B1/CTGF(5 5 1@ % £ B £F 4E A0 i P 3k g vh
RIFEEEEMH . S5EFARAML, UUOH /R BT
HTGF-B1. CTGF#E H it XmRNAJK 135 & % I F,
SRT1720f % [ TGF-p1. CTGFE 9 J5i xmRNAIX L&
Y BT AR B, TS S iE s (E4).
2.4 SirtFEEFIFUUOE /MR B & 1L Rk F
SR

58 F A LA, UUOZ & 7~ SODFIGPxiF 1

(A) B) o5 ©) 12 -
S = M ## 1.0
g | o P
s © § 06 S 208 -
s & ] £z
5 04 - - 25 0.6 - ok
— — — Sirt] 2z 2=
, a £ E 04 -
_acti T 02 - R4 i
0 1 L 0
Sham  UUO SRT1720 Sham UUO SRT1720

A, B: Western blotf Jll 8 F A 41, UUOZHMISRT17204HSirtl 25 [ £ ik 1% d; C: |RF AR 4. UUOZ FISRT17204 Sirt13 1 19 48 4k 15 i

#+P<0.01, 5T ARALE; #P<0.01, 5UUOLH LLEL .

A,B: expression of Sirt]l were detected by Western blot in the Sham, UUO and SRT1720 groups; C: the change of Sirtl activity was detected in the
Sham, UUO and SRT1720 groups. **P<0.01 compared with sham group; “P<0.01 compared with UUO group.
El1 SRT17203fUUOS [ HISirt1 2 ZE B F2AE
Fig.1 Effect of SRT1720 on the change of Sirtl reduced by UUO
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A: Masson e €81 I % 25 ' I 1 & 0 FR B 15 190(200%); B B F AR 4H. UUOZH S SRT17204H [ Jii £F 4 4k i #1

SRT1720

~-

OSham
** myuo

B SRT1720
#

OSham
ok *%
B yuo
® SRT1720

> S N
& Q N
O </ &\é\ ¥

4y tb; C: Real-time PCRAG; il

SRT1720%FColl. a-SMA. PAI-1. TIMP-1 mRNAZLFM; D, E: Western blotk& lISRT1720%FColl+ a-SMA. PAI-1. TIMP-1F1E-cad#i% 540

*#P<0.01, 5T ARH A *P<0.05,%P<0.01, 5UUOZ EL% .

A: deposition of collagen in different groups were detected by Masson’s trichrome staining (200x); B: the percent areas of interstitial fibrosis in the
Sham, UUO and SRT1720 groups; C: the effects of SRT1720 on the expression of Coll, a-SMA, PAI-1, TIMP-1 mRNA were detected by Real-time
PCR; D,E: the effects of SRT1720 on the expression of Coll, a-SMA, PAI-1, TIMP-1 and E-cad were detected by Western blot. **P<0.01 compared

with sham group; “P<0.05, #P<0.01 compared with UUO group.

El2 SRT17203fUUO3|EEHISFLELEIFINE
Fig.2 Effect of SRT1720 on UUO-induced fibrosis

T F%, GSH/KF- TG B 8. A2 4k; SRT172041SOD. GPx
AIGSH/K T & 25 38 n . 17 42 S840 B bR & MDA
TEUUOA B Wi P R IAB B L7k, S5UUOZ i L,
SRT172041 REH% & 3 FREMDAZK (3£ 1),

3 i

B AR AL, TEIRYR E ARE. S, AT PH AR
AR, FKe AN T 38 G0 L AE 1] B T R 2 8 1) 4 K
U, TR I, R 9 2T AL 1 T T AR T 2
PSR A & BB E L. AR R, Sirtl 1)
i 1 I A =l w1 R s D T o S
Sirt13% 1k FISRT 172088 % {r 3 & JIE FEUUOAR & T

G 32 A7 A5, AT e BB 2 38 R 43 40 I TGE-B1/
CTGF/&E T 1 #% S S5 A S I«

' 1] J53 21 4 A4 1 5 B SR B0 5 D) o B A% A
J bR A R, 51 S ROREE SN, B NE R A
W20, RAVEAG . 240, 8] 5T R 2 4 240 P v A 24 5
DL K 41 B 4b 3 5 (extracellular matrix, ECM)id J& it
L BORTEALIE . CollJ& T 18] i ik IR, A& £ 41k
TE RS 1) B LA M AR B 7y o ASHE FiMassonZt
SR, UUOS| 1A 5t £F 4EAL TR AR 3G I, Western blot &
real time RT-PCR .7~ Coll & A Jii X mRNA K- & &
Fime OHEZ R0 R 1 o] 52 4 4k 3R, G TIMP-1.
PAI-1. TIMP-1MIPAI-1/2 ECMB& /@B IHNHI Y. &
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(A) Sham Uuo SRT1720

(B) © 3.0 -
_ 60 £ ' ok OSham
X o ‘2 2.5 7 = UUO
— o
E g 20 4 ®SRTI1720
15 40 - 15
£ 2 157
a m g 1.0 iigg
— 20 7 < sk
[8a]
% E 0.5 -
E 1
= f e B | 1 I O
Sham UUO SRT1720 Bel-2 Bax
D (E) 08 + O Sham
A Kok = SRT1720
& Q «'\\ 0.6 7 T
& & & £
P <
[ = |-Bcl-2 % 04 - Hit i
. 8
— — _Bax E . o
0 1
Bel-2 Bax

A: TUNELKHI 4  JUE/NE L R 40 A 9 T 45 19L(100%); B: BT ARZH. UUOZH K SRT17204 TUNELPH LA (A 4 75 43 LL; C: Real-time PCRE:
T A Bcl-2R Bax mRNARIA N HL; Dy E: Western bloth Il %41 Bel-2 M1 Bax 185 [ RIA ML *+P<0.01, 58T ARA S *P<0.01, SUUOA
L.

A: apoptosis was deteced by TUNEL in different groups (100%); B: the percentage of TUNEL-positive cells in Sham, UUO, SRT1720 groups; C:
expression of Bcl-2 and Bax mRNA were detected by Real-time PCR in different groups; D,E: expression of Bcl-2 and Bax protein were detected by
Western blot in different groups. **P<0.01 compared with Sham group; *P<0.01 compared with UUO group.

El3 SRT1720%UUO5 AT HIFZN
Fig.3 Treatment with SRT1720 attenuated UUO-induced apoptosis

A B _ ) _ OSham
(A) ®B) 10 osham |, 35 o moro
sk = 9 30 <
£ 0.8 7 ok T uuo 2 = SRT1720
g ®SRTI720 £ 25 7 t 1
g 067 820
2 p
£ 04 - £ 1.5
[
a Z0-
02 -
Z 05 -
5 0
TGF-p1 CTGF TGF-B1 CTGF

A~ B: Western blot& Jll#%- 41 TGF-1 fICTGF {15 (4 %A 5 UL; C: Real-time PCR K% 41 TGF-1F1CTGF mRNAE LI **P<0.01, S5HEFAR
H L #P<0.01, 5UUO LLEL.
A, B: expression of TGF-1 and CTGF were detected by Western blot in different groups; C: expression of T7GF-1 and CTGF mRNA were detected by
Real-time PCR in different groups. **P<0.01 compared with Sham group; *P<0.01 compared with UUO group.
&4 SRT172034 TGF-B1/CTGF{5Si@EEHIF M
Fig.4 Effect of SRT1720 on TGF-f1/CTGF pathway
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Table 1 The results of oxidative stress analysis in different groups

Parameters Unit Sham Uuo SRT1720

ZH LA BFEARA L PR A A LA Sirt13FA 514
MDA nmol/mg protein 7.12+1.06° 12.01£1.94° 8.01+1.85
SOD U/mg protein 15.78+1.25° 10.34+0.96° 14.36+1.44°"
GSH Umol/mg protein 5.44+1.01° 4.89+1.20° 8.62+0.87"

GPx mU/mg protein 378.34+£28.25°

257.75+40.66° 409.30+41.74%

FAR PR RN AR A B E M 22 7, AR T RO H A R T2 R

Different letters represent significant differences between groups, while same letters represent there has no significant difference

between groups.

N R R A 2 B R B R bR, b
E-cad, 7 H [FIIf 2 R IAH B PR &, Woa-SMA. A&
WF 5 45 B 7R, UUO'S FATIMP-1. PAI-1. o-SMA
K52 T, TE-cadZKF R B, $2 75000 5| i
0 B) o R 44

TSR 22 FOAIEHE (R, SirtfE RN [F] B B i3k
s RN ER. RERM, EO0%E. O
LA Ak T REE A0 FHORE PR S ' 93 H Sirt 1 RS B 21 4
Ve R, e ah, BFFTEEE I, fEN i, I
P LA R SR R i, Sirtl fITGF-BLA
HEVIMEL R, Sirtlid Rk G818 8 2 2 E TGF-B1
755 11 Z% 55 240 P P 40 A0 i o 5 B o AR R B,
FEUUOAE BH /N BB I AR, Sirt] (2 IA Jo i 1 48 5. 2%
B, TSRT172088 15 34 hnSirt1 ik i, RN 5
UUOZH # b P& ik 7 TIMP-1. PAI-1. a-SMAJK *F,
FHiE T E-cad/KF, o035 5 [A] i A AL FR FE

AW TR KB, SRT17206E 1546 %k /> UU05]
EHE NS L g T 40 e Bel-2A1Bax 4y 7
FeBel-2 5% ik B A AR R 1 P T AR R T
F:[Fl. SRT172088 % 2 3% B3 UUOA| i FIBcl-2 1)
BAAR S Bax ) TH o Sirt 1} B /N b 57 41 B 9 T2 1
Ry EH B CARAE 2 Mt B MA LR H A
E, whr. Bl FURAR. BRARSE. DL g5 RIRR,
Sirt1 ] 8N BN b A T K B AT Ak iR T
(1) 53T HEFR o

TGF-B1 & 4 2 4F 2 109 748 v i 8 B2 (1 (i R [
T2 —, CTGF2TGF-B11) (s 501, I T
TGF-B1HI € 2E 40 Al 3 4= . ECMIE 1 &5 2 FhAE H
BATHIHE 745 B4R, TGF-BI/CTGFEUUO 'K %
KRN XS8R EGEN 1B ERE S
BRI R A S LT YAk I 70 485 A — B0 AL
IR 7 ¥ T SR P A R B 2 () ) SPAf o AR 9 45

REIR, fEIEFIEO T, BRI R At b &
YIMDA. Pt ANEF 11SOD. GPx)ZE LR
B WE e 52 S AL RN A R R A AR, A
BoR, ST AR, UUOSIEEGPxAISODIE P
T FE, AFGSHAK PTG B 52 . [F] i, MDAZK ¥ &
FTh . L g R M, Sirtl i 4k FISRT172048 1%
3 BEAKTGF-B1/CTGFI /K ¥, [FA 3% T UUOH|
iR CAR

2 LTIk, Sirtli§ 46 7ISRT1720%UUO 5| L )
' /N ) o £ R A B R 1 FH RT3 43 J o 4 o]
B I S AL B A TGF-B1/CTGFE Sl B S LA . [
Uk, 7] Sirt 1 1) 24 403 A 77 BR VT BE 65 S 2 R 4 B
IIREMIVER oAb, Sirtl2—Fhfi 2 B EE, Sirtl §8
% 100 Fsmad3 . stat3 2 BEAK M TTT IRER AR PN AN 41 4
At T, TR I 0 VB AR VR T B TR AR A
LR E
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