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WE  ZHFR B AR Hedgehog-Glil(HH)Z 5 & B & LK 4m i & A #:1K (epithelial-mes-
enchymal transition, EMT)A= i & A F 694 ) A 5 TGF-B14Z T d9xEAUH] . % 5 3l i Ak sh 3%
AR A D E LR NRK-52E, VAZEFAE A 2T B 4E, vA1~50 ng/mL % 284 & sonic hedgehog(Shh)
A 5 ng/mL TGF-BI4E A F40, vAIm A SR A e N HHAZ 5 45 571 FEL 37 A %ﬁaﬂﬂ (cyclopamine, Cyp)
5 umol/LA FFR4H. #miedEF~24 h, KA ELISA. qRT-PCR. %.J& £mfi 5 K4 &%= Western blot3F
77 k¥ M HHAZ 5 48 % 4~-F (Ptchl. Smo#=Glil). TGF-Bl. EMT#8 %4 F (Racl & & . UKL 4w
JoARE Y a-SMA A= _E K 40 e A7 &4 E-cadherin). TR X &R mRNARE & 9 kA, L RAI, IMER
M Shh_E 8 SmoA= Glil & ik, #74] Ptchl & A |, 4 Mg HHAZ 5 ; HHAZ 5 /&35 BN % LR 4a i
E-cadherin®) & i&, EiHa-SMA. A KRR ATGE-B149 &L, ¥ -FH/E, Smok L TR, dtmap
#HHAZ 5. EMTARR ZEA, 5+ FRATGF-B169 &L, M ATGF-BlFEF 1% LK @I0EMT, B 4
L AHHE 5 4F SmofeGlil 89 &4, FiAPchl 894k, 3 ~TGE-Pl 75 FHHE 5 &k, G Lk,
HHﬁé‘%‘ﬁVTGF-BlﬁV;‘E THE LR @REMTA R R & Arid42. HHIZ 5 & TIL# TGF-Plad &

iX, F) By TGF-B1#8i & HHAZ 5, M TGF-B1 5 HHAZ 5 7T f6 442 X & VA AAZEMTA R B AR

KR TGF-B1; Hedgehog-Glilf5 T W /NE b e i, b pe—fa) i Ak IR i B AR

Dialogue between TGF-f1 and Hedgehog-Glil Signaling Regulates Phenotypic
Changes of Renal Tubular Epithelial Cells and Collagen Deposition

Liang Yong', Lu Hong?, Lin Chengcheng', Wang Silu', Xia Peng’, Wu Cunzao®, Chen Bicheng', Bai Yongheng'*
('Surgery Laboratory, the First Affiliated Hospital of Wenzhou Medical University, Wenzhou, 325000, China;
’Department of Laboratory Medicine, the First Affiliated Hospital of Wenzhou Medical University, Wenzhou, 325000, China;
*Department of Transplantation, the First Affiliated Hospital of Wenzhou Medical University, Wenzhou, 325000, China)

Abstract The aim of this study was to investigate effect of Hedgehog-Glil (HH) signaling in phenotypic
changes of renal tubular epithelial cells and its association with TGF-B1. Rat renal tubular epithelial cells (NRK-52E)
were treated with 1~50 ng/mL of exogenous recombinant sonic hedgehog (Shh), or 5 ng/mL of TGF-B1, or HH

signaling inhibitor cyclopamine (5 pmol/L) for 24 hours. gqRT-PCR, immunofluorescence staining and Western blot
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were performed to detect mRNA or protein expressions of HH signaling-related molecules (Ptch1, Smo and Glil),
TGF-B1, EMT markers (a-SMA, E-cadherin and Racl) and type III collagen. The levels of TGF-f1 were detected by
ELISA assay. Our results showed that Shh increased the expression of Smo and Glil and decreased the expression of
Ptchl, suggesting that HH signaling was activated. Activated HH signaling resulted in down-regulated expression of
E-cadherin and up-regulated expression of a-SMA and type III collagen. In Shh-treated NRK-52E cells, the levels of
TGF-B1 were also enhanced, but inhibited by cyclopamine. Cyclopamine also inhibited EMT and ECM deposition. In
cultured NRK-52E cells, recombinant TGF-f1 not only induced EMT, but also increased the activity of HH signaling.
Thus, these findings suggested that both HH signaling and TGF-B1 were involved in EMT and ECM accumulation in

vitro. Activation of HH signaling can promote TGF-f1 expression, and TGF-B1 also can activate HH signaling, sug-

gesting that cross-talk between HH signaling and TGF-B1 regulates renal EMT and ECM deposition.
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ot ppeg ) R A= M B E SR, HHAR S is ik 5 4
LY R A DIAH IR B AT I g4 A
R, PR R B ) AR TR U5 3 MV L e
Jito & 44k, (epithelial-mesenchymal transition, EMT)
FN4H fg AP FE 5 (extracellular matrix, ECM) 2 A5 ¢
t, HHAG 5 B8AAAEA R R EETEAL , TR AT ek
KK TGF-B1 k4, {HHHAE 5 5 TGF-B1
2 A AR DG R S % i EMTART ECM 8K 43 1 HL
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WAL HHLE 5 % S TGR-plm ik, JFkir e+
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1.1 FERATRINEE

DMEMZH i 15 7723 (€ [E Hyclone 22 wl); fify 2 ifil
T CBUIM DY 255 24 W), 1B E 1 A Trizol B2 U (35
Gibcor fl); Pl 0-SMA. Racl. Ptchl. Smo.
Glil itk (36 [H Santa Cruz/a 7 ); E-cadherinPi 4 (3€
Abcam/A ] ); HITRLKE J5UFN B-actind i 44 (Bioworld 23
w]); TGF-B1 ELIS AR & (il v B £ 2 7))
41 5 [ ShhAll TGF-B1(3E [E PeproTech/A ] ); qRT-
PCRIX 71(3& E Promega /A 7] ); MYCY CLERFS EPCR
1% (3 [ BIO-RODZA 1] ); 75005 2 PCRAX(E[H Ap-
plied Biosystenss 7] ); Varioskan Flash4>i % g

TGF-B1; Hedgehog-Glil signaling; renal tubular epithelial cells; Epithelial-mesenchymal tran-

F1H54% (35 H Thermo ScientificZy 7)); DM4000 B LED
6B L (2 [E Leica s ).
1.2 {HARiESR

K EUE /N B R 40 i NRK-52E T b B b
A RRATE B4l 2 . NRK-52B40 15 7776 &
5%/NFIMLTE I DMEMES R P IF B 137 °CL 5%
COMEFRMN o TLURINT, 420 B fic il ik B2 e T 6
LB, At A K 5 50%~T0%Ri A N, e e L5
DMEMBS IR IF 4R 1 S50 o % AL P A;
S I E 4] 2 [sonic hedgehog(Shh) 1, 10, 25,
50 ng/mLEX TGF-B1 5 ng/mL; TFi4L: In A A A
HHA{E 5 HIBH W7 77 HE ] (cyclopamine, Cyp) 5 pmol/L.
T TR A0 43 BB 57 24 b, P8 E AN 2 BB 0
R ML
1.3 qRT-PCR#&MmRNAZRIE

K Trizoliad 7 $#2 B VAL HE 41 i () RNA, T
1260 nm/280 nmAh Wl & W' P A LAR i K AR 40 i
FATE o AR50 U W] 54 RN AT 4 5% 18 cDNA
I F Primer 5.0 111X TGF-BIFI TGF-BIR
mRNARREFYES ), BLp-actinfE R NSHHE, R
FAXEE AT R A A 1Yt B A A
&, HEh: TGF-pI: 5'-AGG CGG TGC TCG
CTT TGT-3'(iE 1] )F1 5-GAT TGC GTT GTT GCG
GTC C-3'(JIf)); TGF-BIR: 5'-TGA TCC ATC CGT
TGA AGA AA-3'(1IE[7)F15'-CTA GCT GCT CCA
TTG GCA TA-3'(J¢[)); p-actin: 5'-CCC ATC TAT
GAG GGT TAC GC-3'(iE[[)f15'-TTT AAT GTC
ACG CAC GAT TTC-3'(JInl)o HUH k=41 pL,
HEATPCRY 1. PCRY HE /A Z: 5 uL 2xSYBR Green
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PENE R 2 pLI¥) (B PUFE 1 L, 2R
200 nmol/L). 2 pLRMNZEI . 1 uL cDNA. 34
P41 95 °C 5 min; 95 °C 10's, 60 °C 35 s, 40Mf
o SRIUV IS PCREE BAT S5tk , SRH] 2
THHEANN mRNAFRIE & AAC=[Ctyaepcsmea)—Cty
sasapan - Ctawsemaem—Ctyswaerm ] o
1.4 ELISAMNTGF-p13 =

W 25 G B 40 iR Bs 2R B s WL SR X
Puig s ABC-ELISAVEEG I TGF-B13 &, B HHL
KE TGF-B1EPT AL T Wb AR b, A o o R i
T TGF-B1S B4 45, AN AV Z B
TGF-B1, JER % 2 AW I E AR b, BRI A
1Y BEATRIC K Streptavidin 5 4B 2 454, IMAJEY)
AR W, B NI IRR IR, 1450 nmAt I
FEFEE(DE), 18 ik 2 bR UE 2SRk IR
1.5 Western bloti I EMTHE X 4> FRIX1H R

O $ A KT NRK-52E40 i, 25404034 24 h,
AR L, I PBSUE 20K, I\ H (A dh B2 A 4 A A
1, BCAWEIN & B (1R . BUAR 1120~100 pg, £10%
SDS-PAGE LUK 73 B3, i M4 # 2 PVDFJE, 5% /i fig
Yikr37 °CHIA1.5 h, Pt ARacl Ha-SMAPLIR4 °C
B LR, 1:5 000F5FE () HRPRRCH) —HU =l &

Control

Ptchl

Smo

Glil

1.5 h, By, XA e e, B, Hi
2%t 'l Image-Pro Plus 6.0%KF3EAT 2K BEAE 5081, LA
N 2 B-actinfR IF .
1.6 HAEFREALERNHHES. EMTH
ECMR 7 tEX 7 FHIFIX

0 M 0 JR I T A ISR i, 20 I LA 2x 104 i 42
Bl B 1 6fLAR T, W RIEE IR BRI RS
60%~70%F 5 5, 70 25 Ab BE 24 h, 572K 57
B, PBSIEVRANE 3K, FH 4%% 3 A 52 30 min,
0.3% Triton-X(1 mL/fL)#% M, %= 20 min. 0.5%
T W S Ay 5 P o %4 RN 5 3 B % Pteh
Smo. Glil. a-SMA. E-cadherinfll ITIi J5L i) —$L
TAEW, 4 °CHEE %, PBSHE3¥K. 1IN Dylight
488(LR- ) B S94(LT )bt I — P TAE, 37 °CHE &
60 min, [f]_F¥Edk. WINDAPLIF &3 A b, Eii g
5 min, [A] FYEGE . 41T Sk (LB 21 (A RN i 0
AP, R 105K 7, BEK T H 10 s
L (400%), iz HImage-Pro Plus 6.0%44 7 BT A4
2 J& (integral optical density, IOD){H .
1.7 FitibiE

KHISPSS 13. 08/ AT G v 2% 40 #r, 45 F LA
PR EARUE 22 (ets) R, PHREAS LR T o459 FHOKS

Shh Shh+Cyp (Cyclopamine)

A 0 G P 9 G A M Cyp TPl Shh AL BENRK-52E4H il 1 Ptch 1 SmoFIGL1 L. 7 N AHE Py 4y Bt At BA f5 00 48 1 G 58 6 I

Expressions of Ptchl, Smo and Glil in Shh with or without Cyp-treated NRK-52E cells determined by immunofluorescence staining. Immunofluores-

cence staining merged with nucleus in the lower-left corner.

El1 CyclopamineFfiShhxIHH{Z S B 5200
Fig.1 Effect of Shh with or without Cyclopamine on HH signaling pathway
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2.1 EAFEHShhXHHIE SIS0

I o B e 58 G G (o 45 B B R, 10 ng/mL ShhE
FINRK-52E4i 124 h), Ptch1 25 [ R IA W E R R,
117 SmoF1 G155 [ I IE W W71, 1 Ui W] Shhis &
HHA 5l B (& 1)
2.2 ELHAFEHShhIEMTFIECM 271 H 800

A ez O A A A5 R R, 10 ng/mLI¥) Shh
VT WU ET 4 40 A5 254 a-SMART ECM AR 43 THTHY
R IR KT, T N T B R 4l AR & ) E-
cadherinff [1 1) IEKF (E2A) . 1h4F, Western blot

(A)

Control

Type III collagen

E-cadherin

o-SMA

B)

Control Shh

Racl

o-SMA

= 22kDa

— 43 kDa

Rl &k J 7R, Racl fla-SMAZE [14£10 ng/mL {1 Shh
YER G, R A BT (B 2BFIE 20). X
Legh WAROR, WA HHAE 5 b W /N b R 40 i)
EMTAHIECM ZFHEFE .
2.3 ELAEHEShhITGF-p1 R EF KR IARI M
ELISA%S R W7, B =41 45 11 Shhir) ik 52
I, NRK-52E41 il TGF-B1 2K (A 1 5 i 1k 2 i
F LA (K 3A); qRT-PCRAG I 25 JL iR, Shhit g 1
TGF-B1 mRNAFIRKIA R, HMEHILZ Ik TGF-BIR
mRNA 1)K 1E (K 3B), &g ity , 41811 Shh
WE B TGE-BIRIL . SRMAFFT I, Shhiil A&
— Hd 10 ng/mL2 Ji, TGF-B13& 1A & 14 bz
T2 XL RTE AL HHAS 56 TGE-BUS 5 2 A

Shh Shh+Cyp

© O Racl/B-actin
2.0 1 M o-SMA/B-actin
2 157 =
2 1.0
e
0 .

Control Shh

A AN S Fe RN Cyp T-THShhidd 72 FNRK-52BAIME TH TR R . E-cadherinflo-SMATZIE o AN FAAE Py 4 sl A1 AZ i (0 40 0 S 34 520k
l; B: Western blotffllRacl fla-SMAHR [ K125 C: ABIEIZ# IR 4 11K I BIMIODAH, *P<0.05, 55X AR LEEL.
A: expressions of type III collagen, E-cadherin and a-SMA in Shh with or without Cyp-treated NRK-52E cells determined by immunofluorescence stain-

ing. Immunofluorescence staining merged with nucleus in the lower-left corner; B: expressions of Racl and a-SMA determined by Western blot; C: IOD

value based on expression levels in Fig.2B. *P<0.05 vs control group.

&2 CyclopamineT#IShh3EMTHAEZ R EFRHI=2 MM
Fig.2 Effect of Shh with or without Cyclopamine on EMT and ECM accumulation
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(A) 1200 B) & 39 £60 *
— N z 2 1
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£ 900 3 )
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X
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A: ELISAKIShhifs F J5 TGF-B1f{1 %5 i B: qQRT-PCREIM TGF-BIFITGF-BIR mRNAEIE . *P<0.05, 5 xf M4 EbA; *P<0.05, 5 Shh il

5o
A: TGF-P1 levels in Shh-treated NRK-52E cells determined by ELISA assay; B: mRNA expressions of 7GF-f1 and TGF-$1R determined by qRT-PCR.

*P<(.05 vs control group; "P<0.05 vs the Shh group.
[E3 CyclopamineFfiShh¥} TGF-p1¥0 TGF-f1R %% B8
Fig.3 Effect of Shh with or without Cyclopamine on expressions of 7GF-f1 and TGF-S1R

(A) Control TGF-B1

E-cadherin !

50.um
—

a-SMA
©) [0 Racl/B-actin
1.2 B o-SMA/B-actin
2 0.9 .
<
A 0.6
S
0.3

Control TGF-B1

Type III collagen :
~ <
@
e e

A: A 55 FO Y R TGE-B 17 5 NRK-52E41 il 1 E-cadherin, a-SMAFIIIRR R 261K . 70 AR P A 5 40 IR 110 40 i S 5 6 Pl
B: Western blotfiilllRacl fla-SMA K [ (141 ; C: MBI THA F 5 8 A A = IODA . *P<0.05, 55X M4 AH LLER .

A: expressions of type III collagen, E-cadherin and 0-SMA in TGF-B1-treated NRK-52E cells determined by immunofluorescence staining. Immuno-
fluorescence staining merged with nucleus in the lower-left corner; B: expressions of Racl and 0-SMA determined by Western blot; C: 10D value based

on expression levels in Fig.4B. *P<0.05 vs control group.
El4 TGF-BIXTEMTHOAR R ZFRHI S0
Fig.4 Effects of TGF-p1 on EMT and ECM accumulation

— TEWR FE R - 5 Smo 1 Glil £ [ 1) i 438 W B i, 1M 4% Shhjfie
2.4 INELRAFFIHHIE S X TGF-p13RIA. EMT  #lfl(f Pechl & (1, HLakik B, g5 R38R, e
RECMZF Y5200 051 T B Shh TS D T HHAAE 538 B L (B 1)« 1Ak,

PRHE I D HEAS 5 8 s R S 1k (RO BT 77 o 4 WEICR BN, FRREWIER 11 E-cadherin 1 (1) 14 F
UESE, 765 pmol/LIFMEMAVER |, A Shhis R o-SMAL PR 8 A R RTE SR (K 2), B iR
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Control

Ptchl

Smo

Glil

TGF-B1

e de 4

A 505 9SG YO M TGE-P 15 S NRK-52E41 1 Ptchl. SmoMIGH1ZIEA . 27 N FHE P b fili & 41 A2 i 1 4N D e ¢ 6 1R

Expressions of Ptchl, Smo and Glil in TGF-B1-treated NRK-52E cells determined by immunofluorescence staining. Immunofluorescence staining

merged with nucleus in the lower-left corner.

El5S TGF-BIXEMTFNHH{E S AYE M
Fig.5 Effects of TGF-f1 on EMT and HH signaling

TGF-BIFITGF-BIR mRNAWRIE(KI3B), Xubgh
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2.5 TGF-BIXEMTHFARE R BRI AR

Wi 4AFT7R, TGF-B1 %53 NRK-52E41 g t
b 0 M (3L E-cadherin) [ LS 2T 4E 40 i (%04
0-SMAFIIITZY fisg Ji5) 44K - Western blot# il 45 1 o,
7ETGF-B11%5 % )5, Racl & I fila-SMA R 1Kk & 1
i ETH (K 4BA14C). a-SMAFI E-cadherinie EMTI]
PR, Raclt F 2 (Euk bRz 40 i EMTHERE 1) 5%
B, FARAFEEMTI R IR i Jsi R IA Ty, 3
NAEAEECM &R i .
2.6 TGF-B1xtHH{ESHIS M

I H e e RO P 2 R B OR, TGF-B15 34,
HH/5 538 % A 557> 1 Pteh 1 215 5 2% K, 1iiSmo
MGl Fek W% B, $87~HHAG 58 s 4 oE (8
5).

3 iR

HHGE % 3= 52 11 fi & sonic hedgehog(Shh). 52
{APatched(Ptch). {55 JT 5% 81 1 Smoothened(Smo) A
TN S D GUAL R . K52 % B (A Pch 247 T4
LB b s 2R 11, Ry e eSS A Shhis (. 9 ANE
7 Shhi 115, Pteh ] 351 Smo 3 v, BE 3w R i
S #E 3Rk . 4474 Shhk 4 9F 5 Ptech&s &1,
Smo PR 00 ) 280 IS e gk I, 58 P SRR T i ) e s Y
Bl Gli, #EiMis 5 HARFE R [ 3RIA, X 28 H briE
H AL 5 i R AR S SN, e-Myce cyclin C
Mleyelin D55 o IEHFIK W HAME SEANK K G LR
kA FEELE T, (HRESRIOE I HHAS 5 )] 5 | g
JI e 5 B R T A A

BRI RN, HHAG 5105 EMTI R 4B
KRR BRI R Y], Tl A M 4 2K 4 Shh
YER T NS BRI, TRATRIIEEA RS S
HH{E 5 (6 4k, A AE 18 a-SMA. Racl & [ A1
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LRGN B bR G o-SMAF L Bz 41 i 41 il b 54 E-
cadherinj& EMT E 245 &S, a-SMA L 1) T = Al
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% HHAE ‘530 EMTAH G 73 1 IR 08, #2878 HHIE 5
X T EMTH A 2 oS, SR HHAR 5 Wifer 4 3
WG BATHEDN, X AT eSS b R 4 S B AT G
P B T R R AR, b e 4 I IE i 5% 4 b Bk
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P E B R MANAG . Ff/ 1l Shhif L HATE 5,
W% 2 TGF-B17IE B W w1 FH B B A ) =i
HHIE S, Sk TGF-pl i35 T i, X segt B,
TGF-B1w] fig A HHAE 51 M 1o iV TGF-B1
P FEMTH, BATTARILHHE 5 A0S . XM B
% e R U TGF-B1 5 HHAS S ARAEAE X 1ML o

g bPrid, i ARAN LS, BATTWIAIESE T HH
FSMTGF-pUE SIS E T H/NE L MLEMT
HERE . RTREIIALH A 75 A0 THHAS 5 MG TGE-B1, 15

SEMTMRIR 2R KA. SR, HHAS 5 %4> 71
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