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Ursolic acid suppressed NADPH oxidase-Hedgehog signaling pathway in hepatic

stellate cells in vitro
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[ Abstract | Objective  To determine the effect of ursolic acid (UA) on NADPH oxidase ( NOX)-
Hedgehog (Hh) signaling pathway in hepatic stellate cells (HSCs). Methods  Culture-activated HSC-T6
cells were divided into 6 groups: normal control group, leptin group (100 ng/mL), UA group (50 wmol/L),
NOX inhibitor DPI (20 wmol/L) group, and the 2 intervention groups pretreated with UA or DPI followed by
stimulation with leptin for different times. The mRNA expression of Shh, Smo and Glil/2 was detected in above
cells after 12 hours’ treatment by RT-PCR. The protein expression of Racl and Gli2 were analyzed in the cells
in 24 h of treatment by Western blotting. The proliferation of HSC-T6 cells was detected in 12, 24 and 48 h
after treatment by MTT assay. Results  RT-PCR analysis showed that Smo mRNA expression was increased
when leptin stimulated HSC-T6 cells for 12 h (P <0.05). The expression of Shh and Gli2 mRNA was also
increased compared with normal control group, but without significant difference. UA pretreatment significantly
down-regulated the mRNA expression of Shh, Smo and Gli2 compared with control and leptin group (all P <
0.05). Leptin, UA and DPI had no effect on Glil mRNA expression. The protein expression of Racl and Gli2
was increased when leptin stimulated HSC-T6 cells for 24 h (P <0.01). UA pretreatment significantly down-
regulated Racl and Gli2 protein expression compared with leptin group (all P <0.01). MTT assay showed that
leptin promoted the proliferation in HSC-T6 cells. After 12 hours’ pretreatment with UA, the cell growth was
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inhibited significantly than in leptin treated cells (P <0.01) in a time-dependent manner. Conclusion  UA
inhibits the expression of Shh, Smo, Gli2 mRNA and down-regulates the expression of Gli2 protein in HSC-T6

cells. One mechanism of UA inhibiting cell proliferation is probably via its inhibiting NOX subunit Racl and

then NOX-Hh signaling pathway.
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VAR TR, Hedgehog (Hh) {553 % 2 5 T
e KB o FET T 40 I RE A% B it Hh 2 4
T 3435 Hh {5 558 3%, S 80 1k 9 1T 208 40
(hepatic stellate cells, HSC) %5 41k >y JIL 5 2T 4 48 g
(muscle into fibrous, MFB) " ~*' MFB [ 43 W 5% 32 4y
WA Hh FCARGE Hh (5558 P& 47 22805 IR, A i
HSC 38514, M H 1-77 . Choi 45" % Bl % 55 ObR
g et PI3K/ Akt 42 30E Hh {5 5 #% , {2 ki
1E%Y HSC 1) MFB %4k, 1 NADPH %8 1k [ ( NADPH
oxidase, NOX) 7EF£F 4 fb & vh 2 57 2558 %
IR, A 5T & B NOX 2 5%t Hh {5538 [ (1) 7]
22, NOX WAk Racl SIS Hh {5 i@ #% , {2 #E HSC 1]
MFB SEAL MR = o A4 BT 9 R B,
Fr 2 B BE SRR (ursolic acid, UA) f€F 98 HSC-T6 1
NOX i % Racl ,p22™" mRNA ik & pd7" 1 5%
A, 30 NOX 3% M i i ERK1/2 {5 5 3 %  JAK2-
STAT3 {55 P& IE AL, misi T Y S5 i) ™ A= -4 ol
HSC-T6 4 frss ™~ . ATt — 4 gL g
FRAN ] NOX V. F& Racl ik )5, &5 Hh {5518
PR RO

1 H5HE®
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DMEM (&) 14 3 35 [ Gibeo 2], i 4R L35 1 A A7 1Y
FH AW, BAKRBIE R A EIE PeproTech 23w, AR IR DPI
1) B Sigma-Aldrich 23 &), LY294002 ,SB203580 I H 25 = K/
Y3 R FE T, Trizol . ANTP , Oligo ( dT) |5 . Tag PCR MasterMix ,
DNA Marker [ .2 x Taq PCR MasterMix Il 5 dt 50 KM A= (LR}
AR/ ], M-MLV Reverse Transcriptase Il H 3% [E Promega /%
], NOX SEHERY 5 | 534 b 5 St A ) AR A BR 2 Wl 5 Al P
M ER (MTT) 1) 5 34 1) R 2 R 4 AR A5 BR 2 7], Mouse Anti-B-actin
Monoclonal Antibody \BHREFARIC L 2EPT/NR [eG(H + L) I H
et RS R A R B EEARIC 1L E BT R 1eG(H + L) 1l | 2
Cell Signaling Technology 7y #], Anti-Racl antibody . Anti-Gli2
antibody , Anti-Cytochrome h245 Light Chain antibody I H & £
Abcam N F] o
1.2 @i oam

HSC-T6 24/ ( K BT B AR A AR ) eh b3 vp B2 25 o iR
T HEAE . AT & 10% G4 L35 5 % &K (120 pg/mL) Al
HEER (100 pg/mL) f) DMEM 3557, 75 37 °C 5% CO, X /f

FNRRE &R B % , AR AN 2R K & 80% ~90% i, /- 4B AR E
BRIk SR % . SMA LY TA] K A5y 6 21 1E X
B (AT 0. 1% WL DMEM B5379%) (8 R il 34l
(100 ng/mlL) | A& 5 1% Xt B ZH (50 wmol/L) . DPI Xif & £ ( DPI
20 pmol/L) RESRTR T 4L (BESR R 50 wmol/L + 38 %)  DPI
T-HIZH (DPI 20 pmol/L + 5 2) o M2 Mudsivi£L I AR 70% ~
80% Bf , W JEHE IR, T TRAL A 55 7N [5) 24590 1) 55 S 9 Tk 3
30 min, FEIIAGE M E 12 .24 h 5 48 8 F 4L RESL AR XS
HAZH 1 DPL X REAA AL EE , B I AN 25005 5 o
1.3 ##FEA584% R M (RT-PCR) 4 Shh,Smo .
Glil/2 mRNA # % ik

KigR i i 25 AL A M AT R R i 25 b 8 12 b JF 4%
Trizol 7 W1 43 2 HUR RNA, JF BB S AL cDNA, KR T A
JRJEFN B-actin 514751 K F Primer Premier 5. 0 414311 (51
YFFI W), i B A ) TR A PR A A A . PCR X
NS AR 95 °C L5 min 28,94 °C ,30 ;3B Jk , Shh Smo |
Glil/2 Fil B-actin FiB K 3 43 Bl .55 °C .57 °C .56 C Fil
55 °C,30 s; ZEAH1,72 °C,1 min; &K IEM,72 °C,7 min; R4,
4 °C,10 min, {4 PCR 4" 34 7= 4 30547 By Mg W 058 Mg Pk , D058 e
PR3 HT R GEEA THRAR IR B BT R 5 A AR X S5 43 A, 5 3 41
B T e R mRNA JK AR, 433 5 AH %R ) B-actin mRNA
AR R ARAR B, 10 T T P R A b, S 36 AT 6 UK

%1 Shh Glil/2 #0 B-actin 5|#1FF51

FEH gl PHGKJE (bp)
Shh 1F 4% :5'-CTGGCCAGATGTTTTCTGGT-3' 117
2 X% .5 -TAAAGGGGTCAGCTTTTTGG-3"
Smo iF 4 :5'-GCCTGGTGCTTATTGTGG-3’ 75
% SUE% :5"-GGTGGTTGCTCTTGATGG-3'
Glil iFE X% :5'-AACTCCACAGGCACACAGG-3’ 79
2 X4 :5'-GCTCAGGCTTCTCCTCTCTC-3'
Gli2 iE X% .5'-CCATTCATAAGCGGAGCAAG-3’ 105
JZ A% :5'-CCAGGTCTTCCTTGAGATCG-3'
B-actin 1E X4 :5'-TCAGGTCATCACTATCGGCAAT-3' 432

S SUEE 25" -AAAGAAAGGGTGTAAAACGCA-3’

1.4 Western blot # | Racl #= Gli2 & & &) & ik
25VE ] HSC-T6 41 24 h, fin A& 45 1 B0 50 i) 2 B
FEIBOB AR BN S S A 1, BCA G I 2 ik B2 . LT 10% 1y
IY BTN 5% WedRIE . A EFEM M SDS EAEZE MK, 100 °C
RS min SRR G M B P UK, e RS A A PR AT 4 R IR (NC
H5%) 5% (- Wk 2 b f NC B — Pl b 4 CEE
o Racl HUiAHE 1:1 000, GLi2 47114 & 1: 800, Y5 #%
NC 8 A PO E 4 b FRRVERRS , R AL 2E RO
1.5, H Molecular Imager ChemiDoc™ XRS 4347 2 48 #4712 56 .



o 36 B S = F K K ¥ ¥
J Third Mil Med Univ

2014 23 H 15 H

Vol. 36, No. 5
Mar. 15 2014 429

FRGBOR B, e B 41PN Y Racl K GLi2 B IR BEAE, 533
SHIXTRLAY B-actin A BEAEAH HLAS, THAH P RO BE(E L o
1.5 MTT Aeim K S 2k 20 fetk (HSC-T6) 4m i 3g 7h

T HSC-T6 #f M L K Rla B Z 5, T 0. 25% [ 1 Tl 1
e RO 22 96 FLAR A, A0 BE 24 9 3L S 000 4,
Fidr BANAE R LY 60% s #ir 4Ungy , R o v 6 AR AL, 7
BEEFR 12,24 48 hy BALIATCE MTT (5 mg/mL)20 uL,
METAAIEIRF P T 4 h 5L ALEIR  AALIALS0 pl 19—
I AR ( DMSO) 4k 5 10 min; EREFR X L ZEFFHER 490 nm £
M35 FLI G BEAEL D(490) ] o

AMIA R A = [IEF X HEAL D(490) - S28a41 D(490) ]/1E
HXTHEZ] D(490) x 100%
1.6 “itsa

SRR LA x £ 5 R, BRI IE AR A, R 7 22 5%
PEATHLIN R 7 223 Al SNK-g K655 5 A SR A I M I 254 A
Ji 2N 5%, W SR T Bk A 36 (2.4 Kruskal-Wallis T 71 Nemenyi
%) 1 SPSS 13.0 Geit AT #r

2 HR

2.1 RER BRI Z k48 i Shh mRNA & ik 69 %5
RT-PCR 528 (18 1) IR, 58 2 H)3#% HSC-T6 4l 12 h J5
Shh mRNA 335 5 E# X BAM L, 2R LRI E X (P>
0.05) ; BEJRER T T4l Shh mRNA &3k W] WAL T8 2 41 I E
XFIRZH (P <0.05) ; DPL FFi4H Shh mRNA 235 i E % T8
FHBIEF XA (P <0.01) ; AR B T SRR IR 5
DPI THZHAHL , 2R G2 X (P >0.05) , RUIFERRK
F1 NOX #4137 DPI 488 ¥ HSC-T6 4 it Shh mRNA [ 3335,

1 2 3 4 5 6

Shh(117 bp)H_
B-actin(432 hPP_@

3.0
2.5
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Shh/B-actin

1 2 3 4 5 6
415

1B 2 AR 2E ;2 0% 253 AR R AR xT PR 44 . DPI &b B8 41;5; A R
BR FF140;6 :DPI F 748 ; A: RT-PCR #ml 25 ;B £ 2 % 547
a:P<0.05,b:P <0.01, 5 4 33 BB ILES ;0. P <0.05, 558 Fa ks

1 RT-PCR #il%& A HSC-T6 £Aff Shh mRNA {% %

2.2 AR E K49 I8 Smo mRNA £ A 49 %
RT-PCR 55 (& 2) R, 98 3% HSC-T6 4 M 12 h J5,
Smo mRNA FRHIEH X B F 5 (P <0.05) ; BB R T T4l
A1 DPL F 40 Smo mRNA & ik 44 fnh 251k 1988 2 4 J OF # X 1R
41(P <0.01) ; RESRER T-Hi4l 5 DPT T-F4lIaIAH L , W5 & 2 7] 22

FIGH A E (P >0.05) o AESAER X HEZH \DPL X HE2H Smo
mRNA FAH 8 F AR T 1EH X AL (P <0.05) , 5 4 Y+ i
HZ FAHE 2= R OG22 B (P > 0. 05) s W AE R MR \DPT 1
e MR R A 1Y HSC-T6 4l Smo mRNA 3Rk,

1 2 3 4 5

Smo(75 bp)—

B-actin(432 bp)—
2

n
©

el o
o W o

Smo/B-actin

o
n

2
L B RT MR 2 08 A 4053 A RBR XT R 454 . DPI xF 405, ik R
B TR ;6 . DPI FFi48; A: RT-PCR # M 4 £ :B.: ¥ & 5447
a:P<0.05, 5 EF 3 B4 ;b P <0.01, 5 5% & 210k 4%
E 2 RT-PCR #ill|% 48 HSC-T6 £Hf Smo mRNA HjFRix

2.3 ARBAFE KR4I Glil/2 mRNA &k 69 %k

RT-PCR %55 (& 3.4) W/R, & 41 HSC-T6 41 i Glil
mRNA FXZERTLHEI%E N (F=0.487,P>0.05) ,{H Gli2
mRNA FEERAGIHH L (F=2.587,P<0.05), RN
¥ HSC-T6 i1 12 h J5 , Gli2 mRNA R3ARY =+ 1E# X 184l {2
ZRTGI2FE X (P >0.05) ; 8RR T 41 F1 DPT T 2H iy
Gli2 mRNA AW B ER TR KA (P <0.05) , SERER T A
5 DPL AL 22 T G2 L (P >0.05), FH Glil
mRNA KBNS K Y)T A2, 0 {8 B f DPL A] R
4 HSC-T6 4l Gli2 mRNA {1323k,

B-actin(432 bp)—

| 2 3 4 5 6

®

3.0¢
25¢
£ 2071
L5}

Glil/B-act

1.0}
05¢

0

1 2 3 4 5 6
ERil

1: B A R 2 0 253 AR B AT R4 . DPL A R4 55 i
B F 4856 DPI F i 48; A: RT-PCR 42l 25 %5 B: ¥ % & 4547
a:P<0.01, 5% Farbix

E3 RT-PCR #7#%& %1 HSC-T6 ZHHf1 Glil mRNA [k ik



5536 55 ¥ O= FE K OK ¥ ¥ W Vol. 36, No. 5
430 2014 43 A 15 H J Third Mil Med Univ Mar. 15 2014

Gli2(105 bp)—

B-actin(432 bp)—

1 2 3 4 5 6
_®
5.

Gli2/B-actin
o]
o

215
1B s PR LH ;2 98 2403 A RBR *T BE 40 ;4. DPI 33 P40 ;5; Ak R
B FFA4;6:DPI F 148 ; A: RT-PCR #2 M 25 £ ;B: ¥ & 3 o047
a:P<0.01, 55 ki
4 RT-PCR #ill% 48 HSC-T6 ZHff Gli2 mRNA f%& %

2.4 REBRTFATEEIF T NOX 24 Racl &G
8%

Western blot 455 (& 5) /R~ , 8 & Jill 1% HSC-T6 4iJitl 24 h
J&i Racl 2 H A FRBEIEH X R TR (P <0.01) ; BESRER T T
4 Racl EHMF LR L TR EM (P <0.01);DPI 14
Racl BHHMRBZ WAL T E KA (P <0.01) ; BERIR T Hidl S
DPI F il 41 21 8] £ %%, Racl A RIALH IR XL (P >
0.05), Z5RFLIREIRER | DPL S REM il A5 A9 NOX i 3%
#EH Racl 33K,

1 2 3
Rac1(22x10°)— ~ ‘ pa—

Bactin(S1x107)— MEEG—_—- A — @

25

a
j I h ib
0 - ®
1 2 3 4

gl
1B 2t R 4E ;2 8 403 A R AR T 74 ;4 . DPL FFA4L; A West-
ern blot #M; B: ¥ £ 54 a:P <0.01,5 EF 2 RBaArbix,;
b:P<0.01, 5% &tk
E 5 Western blot #ill %48 HSC-T6 8 NOX I & Racl
EARE

fe R BR 3T & 5 549 HSC-T6 2m i Gli2 & & 49
Yol
Western blot 45 5 (18] 6) ik 715, 983 25 )18 HSC-T6 4 Jfg 24 h
J& , AE P Gli2 B A FRIR B IE # X IR T (P <0.01) 5 B
KT WG Cli2 HH R IAVI AL THZA (P <0.01) ;DPI
THi Gli2 4 H A FRIAMETHERA (P <0.01) ; AR IR T4
5 DPI Tl ML, 22 R i 2EE L (P >0.05), ik

4

Racl/B-actin
=N
W (=]

(=}

=
wn

2.5

ZEIRARITRE AR TR AN NOX il i 57 DPT 24 m] LI ] 8 52375 & 19
Gli2 HHM#IX,

i 2 3 4
G2 (22x10%)— q- B

B-actin(51x10°)— | — — — —

@
25

a
2.0
N b
. b
1 2 3 4
24

2151
1o SE AT RB2E 2 9] A 4053 AR R BR T T4 ;4 . DPI T 7485 A West-
ern blot 4 ; B: £ & F 454 a:P <0.01,5 EF Bt
b:P<0.01, 5% Farkik

B 6 Western blot #&i|%& 48 HSC-T6 #f A Gli2 & HRIRIE

A& R B 3% K 5509 HSC-T6 2m fi3s 409 % vh
MTT 538 45 28 (18 7) .7, 98 25 00 ¥ HSC-T6 4l fitd 12 h
J& , AM A A 5 AR TR X B2 (P <0.01) |, R IR [A]
FER A A KA ) 236 30— A R ARG 5 RE SRR T BU4L . DPT T 4
12 h J5 AR AR R A ) A 2 2 s TR R 4L (P <0.01) , R
R H2H DPT 1 21 10 3 % B2 A bl 22 57 040 12 2 X
(P>0.05) , AESLIR T B4 ] 5 2 11 B A Ge i 22 52 (P >
0.05) ., 4553 WIR £ LM HSC-T6 4H FuHEH , IF 5 Ab
PRI [ E 1, FLAR 9 7 FH 3 . AESRIR S DPL AT L) 5 4 41 9%
R IARESVER]

o W

Gli2/B-actin

(=]
n

2.6

100 - a
80 - e
a
60 -
S 4or
¥ o20r a a A
i‘__\? 0 fr & xa
= 24 48
¥ 0r i (1/h)
<40t
60 — Ty
R AR
-80F —+DPI4l —<RERmTmidl
_1ooL " DPITHIL

a:P<0.01,5% Z4kik
B 7 MTT E#&ilfEREIHERFSH HSC-T6 4t 5 i 2200

3 itig

HSCs & o7 T JiIF 55 J& Disse i P4 T 200 8 5 P 2z 40
H 22 18] PR 3 U LT 4R AL 1Y T2 250N A0, 2 R (2
P O IE S M 3 e, 1 ) HSCs 805 , 3%
R IEACHI I ARG (RD MB) o 3 L R BT IR
W], B3R \TGF-B . PDGF | Ag Il 2545 Fftfie JIF 2 4 4k 4 7
¥rT 45 MAPKs  PI3K/AKT NF-kB,AP-1 Hh Z5{5 5
K O L 51 HSC G Ak I R AP AR 3R



% 36 B 5 M = EE K ¥ ¥ M
J Third Mil Med Univ

2014 23 H 15 H

Vol. 36, No. 5
Mar. 15 2014 431

AESRAFAE 2 B Hh {5538 Al 5 E 30495 18 52 S £
AiAb i KA B R L Y RFIEZ G , Hh iR
Shh 25 & T 5 32 K Pich, % 5 & WNR A4 £ i
B IR S AR ) Smo B, T Smo 0% &
YA PN 1R Gli B 53 R 7 5 0%, DT o8 45 6 R 1 3%
KU R Hh 5 S0 B 0080 515, K HUk TR
TR AT Gl bl EHEMESIY P A7AE 3 B Gli
F TR IR L, 43 Bl J2 GLil \Gli2 J GLi3'" ™™ A4y
TER S AL 19 I LR 41 L ( HSC-T6 ) 45 Shh  Smo , Glil/2
JEPRI ek, Choi Z8° & B8 £ 5 ObR 4543 J5 i i
PI3K/ Akt i 12 3% Hh {55538 #% , £ #F HSC 7] MFB
Eeflb o AW LI R AE ISR 4L B IH 7,
KB E R LA EJH Hh {5538 # 5 Shh Smo % Gli2 1y
mRNA 335, {0 Glil mRNA &3k H1% A4 B A8 4k, #E
D98 2230 Hh 5538 )5 Gli2 &2 51 LR 20
§ S 5 A YA i B B SR T

NOX J&H 6 MNMIA R ZE AL AR, fFEH
PR b AR 0 5 gpO1 ™ F1 5 37 3 p22™ LA K fir
T4 5 A 3 pa7™ | p0™™  p67™ Fl/N G H
Rac, & 19 4= PRI RE &4 W™ A5 0 4 4807 (reactive oxy-
gen species, ROS) , Z 55 555 KR GENMES
WAV 2 W e . De-Minicis 25 fF5¢ & 30,
JHEE HSC L% Ob Z{R4; & 5, 76 3#E JAKL/2-
STAT3 {55 #% B[R}, JAK 838 155 3% 75 NOX F£ 4
ROS, 1M AKT ERK1/2 ({55 9K, #Hik
7T 4E NOX W% Racl o] 3476 Hh {5538 i, {2 f
HSC #1280 )% AL R A5 T 33k BE 57 26 W], NOX
WA ROS 2 5 HSC WAE 517 008, 9 (S
SR AR AT I T & R RE SRR AE T
HSC-T6 1 NOX W 3£ Racl. p22™™ mRNA 3 ik }
pAT " RS A, ] NOX % VE i M il ERK1/2 {55
i D TR SR P A i) HSC-T6 41 Jifd i) 384
BTN {E AR SRR R 78 e 1 ) NOX [ 2 3K T 5% i)
Hh {5 538 J§ M A TEE

AT R, 8 R ] FJE NOX W7.%E Racl & 14 #
Hh {5530 % Gli2 £ Y21k, 78 Rl i NOX 7% Hh
S RS R YE T HSC-T6 20 st . 44 T pe IR
THiE T 8 7 Hh {55 i@ # ) Shh, Smo I Gli2 [y
mRNA ik, 5B BE SR R GE 90 ] Hh {5538 B% 4 7 1)
FEHFRIK, 24T Western blot il i 7 , BEALR
FHH T 9 RiE T Racl FE A F£R, 5 H M Gli2
B FE, LI AE SR e BT E 295 5+ NOX-Hh {5
S RO . Hh {5 530 B OE 22 #E HSC ) 1
BT TRATT I BT 5T 45 B I AR R R BE A8 1
HSC-T6 4 s, ek HPi =17 o AHFSE 19 MTT s
D25 5 A, 39F — 25 HiF 52 BE S R RE 1 i HSC-T6 2 fitg 384
Bl o A AT AT 95 45 5, FRATI N RE SRR 78
P NOX fh 23k RGPk I , e il NOX & 4% 1 45 Fh

FEZ0 4 EE AT 21 21k £ 53 5 (0 Hh {5538 1%
ERK1/2 {5 55 % Fll JAK2-STAT3 {553 1% ), #2715 g
JERR T AR A S P IT£F dE AL 259

S Xk
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