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Shh /Ptc pathway and retinal stem cells in proliferating marginal region of RCS rats

during development of retinitis pigmentosa

JIAN Qianl , XU Hai-wei’ , XIE Han-pingl , YIN Zheng—qinl (' Ophthalmology Research Center, Southwest Hospital, > Department
of Physiology, College of Basic Medical Sciences, Third Military Medical University, Chongging 400038, China)

Abstract. Objective To observe the relationship of activation of retinal cells in the proliferating marginal
region of Royal College of Surgeon’s rats ( RCS rats, an animal model for inherited retinal degeneration) , and
the expressional changes of sonic hedgehog-patched ( Shh/Ptc) signaling during development of retinitis pig-
mentosa. Methods Totally 28 RCS rats were divided into 4 groups randomly, that is, postnatal day ( PND)
15, 30, 60 and 90 group according to the severity of degeneration (in each group, 4 rats for immunofluores-
cence staining and the left 3 for PCR analysis). Age-matched Long-Evan’ s rats without retinal degeneration
served as controls. The thickness of outer nuclear layer (ONL) was detected by using DAPI immunofluores-
cence staining. Ki67, a proliferating marker was detected using immunofluorescence staining, and positive cells
were counted per counting-field in the proliferating marginal region of the retinal. mRNA expressions of Shh,
Picl, Smo and Glil in Shh/Pic signaling pathway were detected by fluorescent quantitation PCR. Results
Compared with age-matched Long-Evan’ s rats, the thickness of ONL of RCS rats had been decreased with aging
since PND 15, and almost disappeared at PND 90 RCS rats. There were more Ki67 positive cells at PND 30
and PND 60 RCS rats than in age-matched Long-Evan’s rats (P <0.05) ; compared with PND 15, PND 30
and PND 90 RCS rats, the positive cells at PND 60 RCS rats were increased markedly (P <0.01). mRNA
levels of Shh, Ptcl, Smo and Glil in Shh/Pic signaling pathway were upregulated at PND 60 RCS rats
compared with PND 15, PND 30, PND 90 RCS rats and age-matched Long-Evan’ s rats. Conclusion Retinal
cells are activated to proliferate at the proliferating marginal region within a short time in the retinal of RCS rats
at PND 60, which might be regulated by Shh/Ptc pathway.

Key words: retinitis pigmentosa; retinal stem cells; cell proliferation; Shh/Pic pathway; fluorescent
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A 9 L £21, 25 75 4 (retinitis pigmentosa, RP) J& 15 /&
PERLSE R AE B R IR N 2 —, R ik
OGN M B R T R DR gk X iz i & AL B
TG AR A PUEHE o A0 X B % R AR 3 B A A 2
PRI R 30 2 A 1K 24 A B AL I B 248 .  retinal
stem cells, RSCs) B’ o 7E M B 1%
A HESY) RSCs R 58 IT 401k M B A= #2200, AR
WG . FAERBIE LB, 24 G SRS
TR T2 Mg 5 oAk g 345 ) e Shh/Pre ( sonic
hedgehog-patched ) i i 75 #f 25 45 4H i 119 38 58 A1 34 |
AT IS AR & B R AR T B E . 7R
AR B8 R S 55 Y UE B, A0 D) RS RTBRE IR AR I B T 4/ #H
AL A Shh/Pre 3 B% 54 731 Prel L Glil il Smo ()
FiK,UESE Shh/Pie (5581725 TIRM & T 411y
pE

BRI R KR (royal college of surgeon’s rat,
RCS rat) J2&— B BIF 57 35t 4% PR A0 I JEE €0, 3R A8 M st % 1k
AT AH DG B TR A P 52 i %) 28 L ASE A | JHC & g AL ) A
BRI AKAIL o RP R A g — Fofv 08 1 45 475 3l
W, BT O E Y Rc2E |, AT RE 3 3d f Shh/Pre {55 3%
TR R A I 6500 5% A K DX T 440 1) 348 B = A 5
XL T RES S T I AR P ad B I e 2 ) T 40
P ALy B AR A T AR A A A A SR o FRATTSR FH 2
HsEARIC Kie7 G i, DL SOt & PCR Ak,
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1.1 sERshih 44

RCS X F ( Beckman Vision Center, UCSF School of Medi-
cine, San Francisco, CA, USA I1%)28 H, 20 ~300 g, M A
FR, 2t AR e s R AR Ak 43 15.30.60 .90 d 4 41 (SEIR ) | fesis
LA 4 B, 500 PCR 4 3 H, RAFHE S AR NIE
R B (Long-Evan” s JC) M IEH X IR
1.2 3ttt XA

Anti-Ki67 (/N B IR, Santa Cruz A &) , L 2E 0/ B 1gG/
FITC(1H1:4) , DAPL 2 6 4kt (Sigma 24 &) , th = 35 P it 5
(FAZ4:HF) ,Rever Tra Ace-a-itfi % i & (TOYOBO A 7] ) ,
PCR System 9700 ,PCR System 7500 ( Applied Biosy Stems) , Tris
B =R PR L P e, L3 S E ) |, Tag PCR Master Mix, DL
2000 T AL B RAR AW .
1.3 iR
1.3.1 WM EAMEZ (outer nuclear layer, ONL) J& B B
HRURRIE S, B IR, [ f5 , T MR AR AR A7 21 2Lk R 1)
(12 pm) KL BREH 240 ) 4T DAPT 5850 0% 631 B AH .
HORFBENLZEI S 5k U1 R, R SPOT {5 53 Hr % 14l i ONL
JELRE R i 5 A B .

1.3.2 e 9 L 2k 2 46 R K R U0 1 4T Ki67
G E G U YL 01 UM, T 800 I B 2k A ke I, PR
I . THEX 2 AP REZE 100 pum FHBRER (A7 303
50 pm L, LLPBS AU — iR BITEXS IR

1.3.3 #&6ast PCR - DR BRI I H , U R RUIRER , 76
SEARUBE T 6 B A I SRR A, 43 B3 00 10 2% IR A
SRR ;@M 1 ml RNAout, 7K B2 , $2IBUE RNA , I 5 vk
B (3% 42 °C 10 min,30 C 20 min,99 C 5 min,4 C 5 min, ¥
5555 % cDNA ;@M\ GenBank (http ://www. ncbi. nih. gov/entrez/
nucleotide. html) JHHUK f Sonic Hedgehog-patched {5 5 i 42 Hp
S {5545 F Shh Pl Smo Hl Glil 529 ¢DNA FE 41, 4% 1t
PCR 51 (£ 1) ,i% F#ESREEL B G , PAGE 4lifk; ®%EtE
& PCR IR Z :cDNA 2 wl, #5149 (10 pmol/pl) 0.3 ul,
TUF5 4 (10 pmol/pul) 0.3 pl,2 x Mix Tag 10 pl, ddH, O
7.4 pl, BARFL20 wl, R SR 194 °C 30 s,9R)5 63 °C 30 s,
72 °C 30 5,35 35 NMEH, NGRS, AR AR PCR AR5 14 i
2R AN 3 ith £ A 45 R 60 a] S BE B, fa ih C, (H
KM WE CEE B BT R R A0 I E TR, B
Ak 27 2 P AAC, = (€, HRYEEN - C B HIEHN) g —

Smo il Glil , 455 #: K GAPDH,
%1 PCRE|¥FEF

¢DNA 51973 FERIRAN
Shh [ ¥ 5'-CCCAATTACAACCCCGACATCAT-3' 162 bp
Fii# 5'-GTCCTCATCCCAGCCCTCAGTC-3'
Ptcl [ 5'-CCGGGACCTGCTTTCTCAATT-3' 162 bp
Fii# 5'-CCCAGCAAGCCCAGGAAAAG-3
Smo I3 5'-CCCCTTCGTCCTCACTGTGG-3! 229 bp
Fifif 5'-TCTTGCTGGCTGCCTTCTCAC-3!
Glil -3 5'-ACGCCTCGAAAACCTGAAGACA-3' 164 bp
Fii# 5'-CCGGGGAGTTTGCACACATAT-3
GAPDH |} 5'-ACCCATCACCATCTTCCAGGAG-3’ 159 bp

T 5'-GAAGGGGCGGAGATGATGAC-3'
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TE X RRZH K UL IO JE2H R 5 48 58 8, DA BISMIR U A 22
FTYANEZ (ganglion cell layer, GCL) | N 4% )2 (inner nuclear layer,
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ZE5(P>0.05) ; 5[ 5 % R KR LR, Seg gl KR 15 d
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60 d £ ONL B /453 ( P <0.01) , HZ5#y 251, /0 INL F1 GCL JE
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2.2 RCS X RAALM B L 4 & R 2 e 38 7848 /) 69 T AL
SIS B A 2H P 0 R 3 2 Ak X H T DL K67 B 4 R
L, 40 M A% €, TR AS DR R TR sl B0 8T, 43 24 v i) 240 B A% T
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A:Shh mRNA;B:Ptcl mRNA;C:Smo mRNA;D:Glil mRNA a:P <0.01,b:P <0.05, 5 F# £ 33 JR 4L 4%
B4 FRFHEXRIELER PCRGUAFM RN LE L X Shh/Pte FSEEH XS FHIRIEKTE

] P AR 225 3 o IR L2 2l 00 1 200 i 4 7
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Hedgehog( Hh) J&—Fh /2 WAWE 85 11, B 1A S 1F T,
SR 0 AL I A 22 Ay T R iR A
Wy 12 WS SZ 1A Patched (Pte) 1 7 Y ES R 1
Smoothen (Smo) ZH . 1E¥A Shh (BN, Smo [19i%
PE22 %] Pre (94|, — B Shh 5 Pte Z54, Smo 1141 B

filtlR, B AT 22 5% 5 N1 Ci/Gli ZIEHAS = 10 N %
2,56k 15 CREB 25581 (CBP) 45 5 Jm , s
FOFEIN, 095 Prel (Gl A4 i J& 30 8 1 ( Cyclins ) , {2
PE A A3 T 3 L

FEAL B, BE ik Shh FZAFAE TR Z A
RREMMMNZIZ . FERRIG I, fe 5 A 1 22715 20
Ji 535 S, L7400 00 JIE T A Y 3G 58 . Shh Ve BB B2
Ak, R T A I PR A 220 SRR ), I 1
SEMZ T A BOE A S et
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Shh 15244 Prel \Smo (2K W 4% w5, H R g7+
Glil 7R3 Lo, i KRS A pEZ B 48R
ML A, T RERI 1 #2271 40 i Shh 97338 FIAE
WL 40D Prel \Smo Z ARG 1K, Shh/Pre 155 1&
R BT , ol 200 i EE R I A 4 P 400, O 4 K
B (EE] T ASTERGIYT, 40 A0 0 A 2 D, LA
AR AN B T A PERIAE TS, Bl Shh fY
MR /L AN R LRS- A R S A, ] E R
R BRI I JBE 300 5 A= T DX 240 i Kt RS 5 RE I AT R,
IR BB SR AR , TR B S AL PERERR

FATH S ER IR A, A2 90 d IE R IR ZH R B
Shh/Pre 55 731215 WE W & , I A WS R
ARG TE o Ul T A0 MG A A R T or R, nTRE
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= H ALK P2 ¥ (advanced oxidation protein products,
AOPP) J& 4 M BT g AL B M (4 7 4 . 6 138 B D) R el il A8 4 1k
P AOPP 7K C WY 3 &, B AR YT A48 1 5 o 10 3 0 3l fik
PIBRELRE 55 M 5 AOPP K-S IEAHDG, U6 AOPP W RES 5 T
Bk EERE AL (AS) I o SR I H HR ) (extract of ginkgo
biloba, EGb) BEFFAR I He (Jal 20 38 8 BB T2, AR S %
FI AOPP i 5 1 A Y Bz it b7 , IR L4 EGh IR A o

1 S

1.1 ZBshin 5K
HEESD (2 ~3 A H) KA 40 2 R 200 ~250 g, il
e EBE sy iR . ENFER AT FHEEH (BSA) (EGb,

YEBTEIN  WRX5 , %, MR A R PR B L, 042, 220 A0 1 55 24 2
JFHAIAFSE ., E-mail ; cshuangxiu@ 126. com
5 H #7:2008-07-02 ; f& [E] A A :2009-03-29

CHE BRI H AR 2 B 252 S5 K00 R 2T 1R 5 FH 414000 ;7 i Re 2 b A P

L-K5 84 A AL P B AL (SOD) \ KA FARE | S BRI

(ACh) g H Sigma 2\ &, HAxiatF 3 4 = F= oA 4l

1.2 i

1.2.1 AOPP-BSA (4 ¥ BSA S5ik&mLL 1: 120 19#

B AR AR A, £ IR CE 30 min, #] 4 H AOPP-BSA,

AOPP &5 5% : LAERE-T(0 ~ 100 wmol/L) #£ 340 nm 4 5

FEAE A o il 28, I 2 AOPP fE 340 nm &b A9 W % FE {H

[D(340) ], AOPP ¥ Ji IAI R EMe-T e R o

1.2.2 BhKIR A FIAE 3 7 ikl B, Mk

B 3Bk E A 4 °C K-H b, $l408 4 mm KM, B

RS TANGMES b E sk hipe o sk sk,

1.3 &t 554

1.3.1 EGb Fl AOPP-BSA Xt P & ThBERIREm 43 11 41,

BEH 8 MM R, OIF H % 4H ; @BSA X} HE4H: F] 3 mmol/L

BSA;®) ~ GAOPP-BSA #4143 %1/H 1.2 .3 mmol/L. AOPP-BSA f
(TF#1008 1)



