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Tab.1 Specific mRNA primers for sonic hedgehog (SHH) signaling-related genes

Gene Sequence (5'—3') GenBank Length/bp

Gli1 CCTCGTGGCTTTCATCAACTCT (F) XM_002729800.1 185
GAAGCATCATTGAACCCTGAGTAGA (R)

Ptch1 TCCAGCCGACCCAGATTG (F) NM_053566.1 252
ACATAGTCGTAGCCCCTGAAGTG (R)

Smo TGTGGCTCAGGTAGATGG (F) NM_012807.1 170
GGTGGTTGCTCTTGATGG (R)

B-Actin CCCATCTATGAGGGTTACGC (F) NM_031144.2 150

TTTAATGTCACGCACGATTTC (R)
Ptch1. patched 1; Smo. smoothened.
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Fig.1 Effect of resveratrol (Res) on renal pathological
changes of unilateral ureteral obstruction (UUO) model
rats (HE staining, x100). The rats underwent UUO surgery and
postoperatively received daily intragastric administration consecutively
for 7 or 14 d with either normal saline or Res 20 mg-kg™". The kidneys
were excised on the 7th and 14th day and tubulointerstitial damage
was graded as described'*’. 1; 7 d; 2. 14 d; A. sham; B: UUO
model; C: UUO+Res 20 mg-kg™'; D: semi-quantitative results of
scores for interstitial damage. The arrows show tubulointerstitial
damage. xts, n=8. *P<0.01, compared with sham group; #P<0.05,
#P<0.05, compared with UUO model group.
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Fig.2 Effect of Res on collagen deposition in kidney
tissue of UUO model rats ( Masson staining, x100). See
Fig.1 for the rat treatment. The degree of interstitial collagen depo-
sition was graded'*). 1; 7d; 2;: 14 d; A: sham; B: UUO model;
C: UUO+Res 20 mg-kg™'; D: semi-quantitative results of scores
for interstitial damage. The arrows show interstitial collagen depo-
sition. x+s, n=8. **P<0.01, compared with sham group; * P<
0.01, compared with UUO group.

2.2 Res Xf UUO XRS4HZ ECM B4 ZFRHIR
G s ALEE (K 3) o, IF R4 7 114 d
(& 3A1 F1 A2) K UE a1 5T I Y e S ek 541K 5



PESGEFE FWFRE2014 510 A% 28 5% 54 Chin J Pharmacol Toxicol, Vol 28, No 5, Oct 2014 - 721 -

RFARLIHM L, UUO #EHI4] 7 A 14 d (& 3B1 A0l
B2) i R A5 A BT 380 ) o e I 28 e i 2Rk ) Sk
51 ( P<0.05) ,14 d ZH 5N P ; Res 452 7 #1114 d
(B 3C1 A1 C2) , AT dnb 2 o A A B e 5 I 284 g it i
%531k (P<0.05) .

(7 " /Ll M
":‘;?""-‘:?""?}" > .

D
80+
[] Sham
uuo
60 W UUO+Res

N
o
1

Type 111 collagen expression
(AQOD value)
5

14
Time/d

Fig.3 Effect of Res on expression of typelll collagen in

kidney tissue of UUO model rats (immunohistochemical

staining, x200). See Fig.1 for the rat treatment.1; 7 d; 2; 14 d;

A: sham; B UUO model; C. UUO+Res 20 mg-kg™'; D: semi-

quantitative results of type lll collagen: the average optical density

(AOD) value of positive expression under each view ( accumula-
ted light density/analysis area). The arrows show type lll collagen

expression. xxs, n=8. *P<0.05, **P<0.01, compared with sham
group; *P<0.05, compared with UUO group.
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Fig.4 Effect of Res on proliferating cell nuclear
antigen ( PCNA) expression in kidney tissue of UUO
model rats (immunohistochemical staining, x400). See
Fig.1 for the rat treatment. 1. 7 d; 2. 14 d; A. sham; B. UUO
model; C: UUO+Res 20 mg-kg™'; D: the percentage of PCNA-
positive cells. The arrows show PCNA-positive cells. x+s, n=8.
** P<0.01, compared with sham group; * P<0.05, * P<0.01,
compared with UUO group.
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Tab.2 Effect of Res on sonic hedgehog ( SHH)
expression in kidney tissue of UUO model rats

SHH/pg-g™" tissue

Group

7 14(d)
Sham 1915+111 2133+104
uuo 3799+308 * 7899+482 "
UUO+Res 1699+99* 1951+127%

See Fig. 1 for the rat treatment. SHH levels were detected by
ELISA. x+s, n=3. *P<0.05, **P<0.01, compared with sham
group; #P<0.05, #P<0.01, compared with UUO group.
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Fig.5 Effect of Res on SHH signaling proteins in
kidney tissue of UUO model rats (immunohistochemical
staining, x200). See Fig.1 for the rat treatment. 1. sham; 2.
UUO 7 d; 3: UUO+Res 20 mg-kg™' 7 d; A: SHH; B: Ptch1;
C. Smo; D. Glil; E. semi-quantitative results of SHH-related
proteins. The average optical density ( AOD) value of positive
expression under each view ( accumulated light density/analysis
area). The arrows show target protein positive expression. x+s,
n=8. *P<0.05, *P<0.01, compared with sham group; *P<0.05,
# P<0.01, compared with UUO group.

Tab.3 Effect of Res on expression of SHH signaling-
related genes in kidney tissue of UUO model rats

Target gene expression (2744%")

Group 7d

Ptch1 Smo Gli1
Sham 1.03+0.05 0.99+0.07 1.06+0.13
uuo 0.38+0.02" 1.35+0.10" 3.81+0.20°
UUO+Res 0.53+0.04* 1.05+0.06" 1.90+9.90"

14 d

Group

Ptch1 Smo Gli1
Sham 1.01+0.07 0.98+0.07 0.99+0.08
uuo 0.12+0.01™ 2.41+0.21" 3.44+0.197
UUO+Res 0.35+0.01* 1.47+0.11* 2.22+0.15"

See Fig.1 for the rat treatment. The mRNA expression of SHH

signaling-related genes was detected by real-time RT-PCR. x+s,
n=3. *P<0.05, **P<0.01, compared with sham group; *P<0.05,
compared with UUO group.

SHH {Z 5 F % iy SHH it ik 5 5% /& Ptchi .
Smo K FiFRIEE IR F Gli 4, 4177 SHH &
FHET, SHH 5 Ptch1 Z54&, f# B XTI Smo #4312
N, SETTE N Gli, 51 & FR , oA 22 ML
SHH {55 1 1k Jr X, 16 1L 1) SHH {5 5 vl ) 4%
Ptch1 c-Myc 4 & 191 25 11 D1 45 538 58 AH 5C Y
BRI EIKS) L PRI, SHH {555 [ 25 48 i 1 e
W R R B REY,

BN ENEE RN Tl il I = g A
PCNA FHH: 41 i 7 i A7 48 i v 9 b S Bl e 7t v, G
FORMERHSS 7 d B, B /NS TR R Y L B 4 A DA % ]
o DX 3 ) 20 e 34 A S B B R RN b R
15, HZ B 055 R I T B IR, 23 8 BRR At i 448
BT 1T e A A R IFL AL TP A A TR 2T 2 1 ALK
1AL, T () S5 DX S5 ) BT A 240 R B SR 2 A 1Y)
AT Ha B e 4 o RIF A9 £ RN, &F
Akl B v, 40 R 0% X R RN AT g 55 A A G Y
SHH (55 55 MG A ¢, BN =5 k8, T 1
2 R S LT AL & AR SHH {5 S 37716 A [H)
FEEETEAE ) I ] Smo B [ R S P 4 B ) 26
FEEREATIRYT , v A SOl SHH 15 5 1935 4k, BH W
JF ELR AN A B A - e 4 3 g A b HL O 7, ki
T IBLFAEAL T8 B, ASBIF 53 38 2ot i bR 45 4 BHL
FHEKR RIF W3] SHH 553Gk, Bk, 3
& SHH {55 MR 259, 7T RIF iR YT 12
BB A,



PEBEEEARER

E£2014 510 A% 28 %% 541 Chin J Pharmacol Toxicol, Vol 28, No 5, Oct 2014 - 723 -

Res Je o & LAY HA % SHH {55 i #%

T —REZMBAAY . Res XFRN K=,
FEORYA T W4 (LLA 45T ) | FERL 4B AR R A

Y. Res & —FRIRMIPTEALR , BAT B  FEAL
/MR EE TR FA YT s Kok RE AL SEVE T, A
WFFE 4 LW, Res AT i I AU B (4 23k, il L
FEB ]S A R, SR 22 0% RIF dEFE, [H I, Res
HADE A4 EN . DLaiitst B, Res nl i id
T SHH {55 0936 Ak, 300 1B At 98 4 e 3 3, 5
HoET, b U R . Res tnl il (5
£ 6 /1Y SHH %ﬂﬁﬁt,ﬁﬂﬂ%ﬂﬂ*ﬁéﬂﬂi
Jas s, o W & ¥ P A b B M o AR,
b, Res Jl i 8 % SHH Evuuﬁ%ﬂﬂﬁlﬂﬁﬁ%
LA E . P, Res XF T SHH {55 %% 311
P ﬁ+%ﬁ%ﬂﬁﬂfﬁﬁ AR5 UL H] Res T
LT YAl B 4141 h SHH, Smo HI Gli1 Ay ik, 1
T Pteht fY3R3A Ui A4 R HE FHL 5 | RIF i %
W, SHH {55 B G fb o v] 8% Res #7241 44k
KA WEALAY SHH 25 7 £ Fhja) 5 40 i iy
WaEE , #E UUO K EUVE 412U, 20 it 3 g S # 2
PCNA 133555, i Res 16975 PCNA 358 i
FRAK, XAk s ol g2 Il AL i I 55 ECM ARy
W 2 —

Zi LTk, Res 1T LAZE Mg iy i R 45 1 B 20
1 RIF, 455 RTINS 4S 8, A A Res $t RIF /EH
WL SHH (55 19 i% Ak, E 06 ECM Bl o 76
B E) Bz 0 BRURSCL, SR M, Res XUL SHH 1&
SR I A RS H AT AN R, R, i
#ﬁ%%R%%MﬁH%v%%%ﬁ%%AﬁﬁE
5 TGF-B, FU/NE I 4 i R4 S X R B

SE Lk

[1] Bai YH, Lu H, Zhou Q, Lin CC, Liang Y, Hong
WL, et al. Expression of sonic hedgehog pathway-
related genesin kidney tissues of rats with unilateral
ureteral obstruction[ J]. Chin J Pathophysiol( H" [E
SRERA BARAE) , 2012, 28(12) ;2227-2232.

[2] BaiYH, Hong WL, LiuB, LuH, Lin CC, Xia P,
et al. Sonic hedgehog signaling is involved in aris-

[10]

tolochic acid-induced renal tubular epithelial cells
injury in vitro[ J]. Chin J Nephrol( H4& & JIi j55 2%
&), 2013, 29(4) .288-292.

Slusarz A, Shenouda NS, Sakla MS, Drenkhahn
SK, Narula AS, MacDonald RS, et al. Common
botanical compounds inhibit the hedgehog signa-
ling pathway in prostate cancer[ J].
2010, 70(8) :3382-3390.

Lin SL, Chen RH, Chen YM, Chiang WC, Lai
CF, Wu KD, et al. Pentoxifylline attenuates tubu-

Cancer Res,

lointerstitial fibrosis by blocking Smad3/4-activated
transcription and profibrogenic effects of connec-
tive tissue growth factor[J]. J Am Soc Nephrol,
2005, 16(9) :2702-2713.

Lum L,
network: sensors, switches, and routers [ J ].
Science, 2004, 304(5678) .1755-1759.

Choi SS, Omenetti A, Witek RP, Moylan CA, Syn

WK, Jung Y, et al. Hedgehog pathway activation

Beachy PA. The Hedgehog response

and epithelial-to-mesenchymal transitions during
myofibroblastic transformation of rat hepatic cells in
culture and cirrhosis[ J]. Am J Physiol Gastrointest
Liver Physiol, 2009, 297(6) :G1093-G1106.
Omenetti A, Porrello A, Jung Y, Yang L, Popov Y,
Choi SS, et al. Hedgehog signaling regulates epi-
thelial-mesenchymal transition during biliary fibrosis
in rodents and humans|[J]. J Clin Invest, 2008,
118(10) :3331-3342.

Mo W, Xu X, Xul, Wang F, Ke A, Wang X,
et al. Resveratrol inhibits proliferation and induces
apoptosis through the hedgehog signaling pathway
in pancreatic cancer cell [ J].
2011, 11(6) .601-609.

Su YC, Li SC, Wu YC, Wang LM, Chao KS, Liao HF.
Resveratrol downregulates interleukin-6-stimulated

Pancreatology,

sonic hedgehog signaling in human acute myeloid
leukemia [ J]. Evid Based Complement Alternat
Med, 2013, 2013.547430.

Huang JG, Shen CB, Wu WB, Ren JW, Xu L,
Liu S, et al. Primary cilia mediate sonic hedgehog
signaling to regulate neuronal-like differentiation of
stem cells for resveratrol

J Neurosci Res, 2014, 92

bone mesenchymal
induction in vitro[ J].
(5) :587-596.



- 724 - PEGEFE FWFRE2014 510 A% 28 5% 54  Chin J Pharmacol Toxicol, Vol 28, No 5, Oct 2014

ar

Resveratrol attenuates renal interstitial fibrosis by inhibiting
activationof sonic hedgehog signaling in rats with
unilateral ureteral obstruction

BAI Yong-heng', LIANG Yong', SHI Bo', LU Hong®, WU Cun-zao®, LIN Cheng-cheng’,
HONG Wei-long', CHEN Bi-cheng’
(1. Key Laboratory of Surgery, 2. Department of Laboratory Medicine, 3. Department of Transplantation,
the First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000, China)

Abstract. OBJECTIVE To investigate the molecular mechanisms of resveratrol (Res) in renal
interstitial fibrosis ( RIF) in rats with unilateral ureteral obstruction (UUO). METHODS Forty-eight Spra-
gur-Dawley rats were randomly divided into UUO ( normal saline, n=16), UUO with Res treatment
(Res, 20 mg-kg™', n=16), and sham-operation (sham, n=16) models. The kidneys were excised on
the 7th and 14th day. The deposition of collagen fiber in the kidney was detected with HE and Masson
staining. The levels of sonic hedgehog (SHH, an inducer of SHH pathway) in kidney tissues were deter-
mined by ELISA. Immunohistochemical analysis was performed to evaluate the protein expression of
SHH signaling-related molecules, including SHH, smoothened (Smo), patched-1 (Ptch1), and Gli1,
proliferating cell nuclear antigen (PCNA) and matrix component type lll collagen. The mRNA expression
levels of Smo, Ptch1 and Gli1 were detected by real-time RT-PCR. RESULTS The degree of RIF
observed with HE and Masson staining was obviously increased in UUO kidneys, but decreased in Res-
treated kidneys. Enhanced expression levels of type lll collagen and PCNA in UUO rats were suppressed
by Res treatment( P<0.05). Res administration decreased the expression levels of SHH, Smo, and Gli1
( P<0.05), but increased the expression of Ptch1( P<0.05), suggesting that Res inhibit the obstruction-
induced activation of SHH signaling. CONCLUSION Res can attenuate RIF in UUO rats, and the possi-
ble mechanism is that Res down-regulates the activity of SHH signaling and inhibits cellular proliferation,
resulting in inhibition of matrix accumulation in renal interstitium of UUO rats.

Key words: resveratrol; Hedgehog proteins; ureteral obstruction; interstitial tissue; fibrosis

Foundation item. The project supported by Natural Science Foundation of Zhejiang Province (LQ12H05001) ; Natural
Science Foundation of Zhejiang Province ( LY12H05004); Wenzhou Municipal Science and Technology Plan Project
(Y20110028) ; and Wenzhou Municipal Science and Technology Plan Project (Y20130158)

Corresponding author. CHEN Bi-cheng, Tel. (0577)88069338, E-mail. greatsailor@163.com

(Ycki H39T. 2014-01-18 43252 H 1. 2014-09-16)
(AR SCGikE . %)



