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[(HE] 86 HFITWHRT TN FH Sonic hedgehog(Shh) 15 5 %t K 5B 5 5 41 (MSCs) # 48 0 RE 41 ML 43 1k B 5 1R
F ik AE LB R KR MSCs, SE86 000 H AP BEIE R R IR AL A BEE T 41 L Smoothened (Smo) # B SAG
41, Smo 11 7 FF B I, 23 0 45 T M A 25 A A B, () G R AR A AL AN TS 5 A U e ARG I 5 2 AN DR R A
K Shh 15 5 #% M1 55 & 14 [ Ac-Tu, Patched (Pte) ,Smo,Glil JAY %35 ; RT-PCR #4240 Simo .Glil mRNA f 3215 ; 5 1 R
ER B A I & 420 B Smo M Glil R AR A. 4% FHEHEM AR MSCs AEREWRT T, % FiFH S L5k kb1
24 hji ,MSCs REFIREL T K Pte.Smo M Glil H A, HH Smo Ml Glil &AM T MR, Pre HEAM TR L, 1IEH RN,
327 A REAR ff Smo B B MSCs [ # 22 U RE AL 43k . 24 MSCs Rk W R LT B, HEE T K SAG Al {fi Smo M i 5 oF
AWIH LT B, R EHERE MSCs [ #f 2 JT0REAN I 4316 & Smo ., Glil mRNA F1EE [ 2 357K Y30 (P<0. 05) 5 J A3 i 771 BF 15 BA
J&i » Smo 45 EE ik FMLF L Smo . Glil mRNA FIE A 4 3 ik K T FEAIK (P<<0. 05) , MSCs [7] #t & CRE A ML S fk 2 I . &
# MSCs RAWI ML BIAFLE Shh 55 WL BN FHY Shh (552 5% K B MSCs H# 20 HE A i /3 1k
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Effect of primary cilia-mediated Shh signaling on neuronal-like cell differentiation of rat bone marrow stromal

cells

HUANG Jia-gui, XU Lan, SHEN Chang-bo, LIU Shu., YANG Qin"
Department of Neurology, the First Affiliated Hospital of Chongqing Medical University, Chongqing 400016, China

[Abstract] Objective To study the effect of primary cilia-mediated sonic hedgehog (Shh) signaling on differentiation of
rat bone marrow stromal cells (MSCs) into neuron-like cells. Methods Rat MSCs were isolated and cultured. The study was
divided into normal resveratrol-cultured group, resveratrol-induced group, SAG (Smoothened [ Smo ] agonist) group, and
cyclopamine (Smo inhibitor) group. Cell morphology was observed under inverted microscope; the expressions of Ac-Tu, Ptc,
Smo, and Glil were examined by immunofluorescence method. Western blotting analysis was used to detect the protein
expressions of Smo and Gli, and RT-PCR was applied to detect mRNA expressions of Smo and G/i1. Results No expression of
primary cilia was found in the normally cultured MSCs. After pre-induction or 24 h starvation, MSCs expressed primary cilia,
Ptc, Smo and Glil proteins, with Ptc protein in the primary cilia and Smo, Glil in the cytoplasm. In normal cultivation,
resveratrol did not promote the translocation of Smo or induce differentiation of MSCs into neuronal-like cells. When MSCs
expressed primary cilia, resveratrol and SAG led to translocation of Smo from the cytoplasm into primary cilia, accompanied by
MSCs differentiation into neuronal-like cells and significantly increased expression of Smo and Glil mRNA and protein (P <C
0.05). When cyclopamine was added, Smo remained expressed in the cytoplasm, the expression of Smo and Glil mRNA and
protein was significantly decreased (P <C 0. 05), and MSCs differentiation into neuronal-like cells was inhibited.
Conclusion MSCs express primary cilia and have Shh signaling. Primary cilia-mediated Shh signaling participates in MSCs
differentiation into neuronal-like cells.
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‘B 6 5 40 M0 (marrow stromal cells, MSCs)
J& Z A T4 i, BLAT [ 3R A2 o Ak v e L 7E —
RESAE T AT BEE S e o Mg onRE i, H AT
il 375 5 300 K 22 Sk Bt SR R R A KRR AR R
L A T 0 S 56 vl I S R SR SR Ak
Al S MSCs 434k o #f 2 ST R 40, I Ho A2 ik =
s34k i & fE B Sonic hedgehog (Shh) 15§ 5 14 3
Y, Shh{F S RAF7E THIRL & F (5 5l ik 2
—0 L W 5 RIS & T WG T 40 4 1k DL R
XM RG KB, IR R BR AT
5 H 4 i 25 THT A 400 I < R 2, S AR 09 ML RN Ak 2
55 0 AZ A% . 2 LK — R 90 09 A4 30 21 o 7
BRI EN 0 Shh(F5 2 E S HIHE MSCs 1)
P TR A4, H AT MRS AE . R, AR BESE U
WLEEH) KT A F 19 Shh {5 5 7E MSCs i £ T AE 4
W oA 7 L B 7R 4R T MSCs 9 4FEL ]

1 MEFEE

1.1 ZEHHEGRA 15 HARE 4 B SD KR,
PRI 2 100 g, MEHEASBR L i 3 K B Bl R 22 S 56 3h
PR, s AR IES . SCXK (#1) 20070001,
DMEM/F12 i 32 50 B Hyclone 24wl i 4 MLV
B27 WA B Gibeo 24 &, 8 P 54T 2k 40 Ml A
KT (bFGF) ] H Peprotech 2 &, [ 22 /%l (4fi fiF
99 %0) W I B VY 282 A= WA IR A BT Ac-Tu H 58
REPUIARI 1 Sigma 24 W, HeHT Smoothened (Smo) £
SLREPUATN B Abcam A Al ST Patched (Pte) |
Bt Glil Z 5P A Santa Cruz A, AR i
AL bR ICE PR U A MR AR AR . Smo M
FFR BB (cyclopamine) Mg Fl Cayman Chemical 23
"), Smo 3l 1 SAG I B Qbiogene 23 ], 40
5 0 M AR R S A B B R R
AR wl, RT-PCR & A & . TRIzol ik . 500 bp
DNA Ladder Marker 1§ H TaKaRa A #],

1.2 RKAFMARMBKIZR BHCEL7I0 T
%K SD KRB SIALFE 5= A 75 % BRI JC T
FAE TR Y IF R BUR R /NBY T 43 8 I RURR LA
W B DA T T 5 U, G g ICBCE 10 %6 iR AR I Y
DMEM/F12 1532 vl F- 8 , 08 78 53 W T il B 2R
N AR TR A M R R B AN TR SR BT 37°C 5%
CO KM ISR, 24 h R B HRW. UG A 3 d

Bl 1K, 2B AL MSCs 15 L4lifE, 55 3~
4 FRORAS R A A T oL 5

1.3 G#EFBEHFIFFHMARMESML MSCsifR
S AR IR A R TR R 4 A4
AR EIERERA AR SH HAEY
(Cyc)dH . SAG 4., 2/ B IE 5 35 5% 20 ¥ BB 36
SN M I B FRIF A 15 pmol/L FIEEEE, A
2PN 2 A U 5 (DMEM/F12 85 3% K,
10 pg/L bFGE) K5 5% 24 h. ¥ H5'5W (DMEM/F12
B, 15 pmol/L MM D WS 6 h, FR40 447
W (DMEM/F12 ¥ 3% ¥, 15 pmol/L 2™ B, 10
pg/L bFGF, 2% B2 k2 dits 2 72 h, A
FE PR P B S AL R Rl B R FF IR A 10 pmol/
LRI, SAG A& M AR SR 25T LR,
M1 pmol/L SAG U AT .

1.4 SeamiisiEe HiFSENNMIER H
0.01 mmol/L PBS I ¥k, 4% £ R H B %R F 2 10
min, PBS %% 3 K ; 0. 3% Triton X-100 % & T i
5 min, PBS YB3 W 10 % 1113 1l 7 2 i 4 1l 7
FEIR T E 30 min, WM, ABE; A BRI Ac-
Tu B EEEHAR (1 2 1 000 FiB I (20 bt Smo £
FEREBLAR (1 : 500 5 B S B Glil £ 5o B Bt 1
(1 : 50086 B s 1L 2E 4T Pre 2B (1 = 500 Fi
B B4l LL PBS AU — L, 4°C R d s PBS
Uk 3 LA FITC Al (80 TRITC bR #9980 — 4t
(1:50 Fik%) ,ZEiR¥HE 1 h; PBS¥E3 K.PIEIRT
Y% 5 min SR YR PBS ¥E 3 KL AT E 50 % H i
B LREWMBE T W, LRELE 3K,

1.5 RT-PCR # @l 8 B Smo.Glil mRNA # %
ik % TRIzol 570 £ 156 BA 5 Jr 125 418 B 45 41 40 i
B RNA LM E RNA 4l Fk B 5% 566 B cDNA
S—4E, LI OM B, PCR 3 Smo 1 GLi1 3,
FIF A0 B A T AW TR R A R A A .
Smo 514 . B 5'-CCC CTT CGT CCT CAC TGT
GG-3', Fiif 5'-TCT TGC TGG CTG CCT TCT
CAC-3", =¥ K B A 229 bp; Gl 5%, L iiF 5'-
TGT AAG CAG GAG GCT GAA GT-3", Fliif 5'
GCA TTG GAG AAG GCT TTG TT-3", 7241 K/
A 365 bp; WZE GAPDH 514 Lii# 5'-GTG CTG
AGT ATG TCG TGG AG-3', Fiff 5'- GTC TTC
TGA GTG GCA GTG AT-3". =¥ K/NH 289 bp,
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R KR 20134F 9 AL 34 &

FRE AR 94°C TAEYE 5 min, 94°C A M 30 5,59~
64°CiRk 30 s.72°C ZEM 1 min, 3 33 PMEH;72°C
FRAEAH 10 min, B 10 pL 9734 7= 902 2 00 35 i A vt
W UK 43 #r . W FH Quantity Oned. 6. 2 R 5 B K
PEXT MG AT 2 A Hr, HEH M EEE Y -0 5
GAPDH FER 3 7 9 0 06 % B2 (D) W AE AR R I
mRNA ¥ 55K -, LR ER 3 Ik,

1.6 & @ & ¢ i 4 M 49 i Smo, Glil & & # &
i WA I, 4 A 4R ) U T 4R O
M. Bradford A& AR EE, HEAHE AT 5X
loading buffer i B B AH [F] ¥ B, 100°C /K ¥ 10 min,
—80°CHRAF, M NHEARE MR 30~40 pg
EAEHEAT SDS-PAGE., R HI I ¥ k4% 4 F #% 3
PVDF JE E 5% B ATk & 1 h, in—Ht 4°Cad ik,
TBST ¥ 3 K. HRP #7id 9 — 41 37°CH & 1 h.
TBST i3k 3 ., ECL & 7 W €, &8 A 15 Ak

8, K Quantity one ¥PF#E4T K BE(H 43 B, S5 5%
FHE 3K,

1.7 %itsam R SPSS 17. 0 #4452 56 4%
R FE 0T R DL o+ 5 R, 2418
i 2 H300R) L B R B IR R 7 22 43 B L AN T T LG 3R
K SNK-q K 55 , K 550 7K #E (o) 24 0. 05,

2 &5 B

2.1 MSCs %k ik #1 & 4F £ 4 & Shh 13 5 i@ %48 %
A WMRATFEERETAT AL EH A
M, ARPEDEGAE ST, IF B R 0 K Bl MSCs 14 5 %
BRI R WAL B, 20 Wik S sk 24 h 4b 3
Jei s BE A A 2 K2 60 % B9 MSCs A WIHRL E .,
[ if MSCs %35 Shh {5& il #% AH < & F1 Pte, Smo
A GLiL, HA Smo F1 Glil 8 Rk F MK, Pre /7145
THELWE D,

1 REEARUMNRIEUR ShhESEREQEARTHEERAMBYRE

Fig 1 Immunofluorescence method in detecting expression of primary cilia

and Shh signaling pathway proteins in marrow stromal cells (FITC PI or TRITC)

A: The negative expression of primary cilia in normally cultured MSCs; B,C: The positive expression of primary cilia in MSCs

after 24 h starvation (arrow); D-F. The expression of Smo, Glil, and Ptc proteins. FITC represents green fluorescence (Ac-

Tu, Smo, Glil), PI represents red fluorescence (nucleus), and TRITC represents red fluorescence (Ptc, arrow). Original

magnification; X800 (A-C, F); X200 (D,E)

2.2 MY £ B Shh 1z 5 il % 3 MSCs 1L 89 %
o IEE SR MSCs A RIEVIHE E L HEH Smo
F IR T G0 A L b BB BEAS iR 15 S MISCs
SRR 2 JCAEAN M, 2l A B R L MSCs 3k
WIRELF B, H2E S BEA Smo #3h# SAG 7] {fi Smo

RPN RET T L, R A0 T 25 24 2 e 42 0T i
YA s WM Smo ##15F FR EBHJE L Smo 1 FE &R
I8 T4 B 5, 20 MR 28 AR A0 B S T DA 2D o b 2
JUHEA A (B 2)

2.3 RT-PCR # M 28 J& Smo.Glil mRNA # &
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i YEERRT-PCREMNERE HE RN, 5HF
PR R R SR AL A B A T A B P B SAG B
HHFEREEEW T E¥ Smo . Glil mRNA kK

Ac-Tu Smo

Vo

Res normal
cultured group

Res induced group

SAG group

Cyc group

(P<C0. 05), A5, i A ERE B30 50 570 )5, Smo il
Gli1l mRNA #3235 8] 88/ (P<<0. 05),

B2 MEAENS ShhESHAREBEERARS LN IE
Fig 2 Effects of primary cilia-mediated Shh signal on differentiation of marrow stromal cells (FITC or TRITC)

FITC represents green fluorescence (primary cilia) , TRITC represents red fluorescence (Smo), and yellow represents the com-

bination of red and green. Res: Resveratrol, SAG: Smoothened agonist, Cyc: Cyclopamine (Smo inhibitor). Original magnifi-

cation: X400 (Color images); X200 (Gray images)

2.4 EGREEAEN Smo Fr Glil & @ ) Kk 4
ROE O BN R E R BFRAA Smo Al Glil
HEMWERE, WESIE, 70 4 T H 2 2 EEA
SAG %S5 BE W & 13 Smo Ml Glil & (1 A % ik
(P<<0.05); R MARE B G, Smo.Glil HF
(12235 W] il 2D (P<<0. 05)

3@

MSCs J& — & H A7 | & & il G 1 1 2 1 e 40
e —E 2R, B AT B2 Ak 2 R X R 4 L 4
M ICRE AN B A L LA S . MSCs I #%
HORIFAIE e PR 2 RGE MR . Z R0 S50 (i
PUAALH] E R T4 B REVE T MSCs 701k 4 i 28
JUREAN L (0 AT S R B R T MSCs /91l R 1

F . PR BB MSCss 1) 1 25 T8 % 48 J 53 4k AL il 2
EIRTAF 5% B4 45 0. AR ZH A1 301 A0F 5 0 0E W K 4R it
ALY BT S MSCs 43 1k # 28 o0 B 40
J o AL R 20 60% , [ B #E BB Shh 15 5 19
WL R AR SR Ak ST AT A AR A T O &
WFFEWI L 2F B F1 Shh {5 % 3l B MSCs #l 28 JoHE 2
Ji 43 Ak R AR

IR EAEAE T FL sh Y 40 Mo R 1hT , FZ Rk
FaFARKEIE M, HgmERasRse
FRGEE B SRR A “F B 7, A1 46 Bardet-Biedl Z8 &
fit . Alstrém ZEE1F \Meckel-Gruber ZE&AEHY . R
A 2 U S R DA B 28 T 40 2% T 1) A A
WG EF T P s ol 28 A0 I A K 1) 2 A7 B =
P BT 2 — T 15 B M Kif3a 2 5 308 AU T 41
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bp Marker I 2 3 4
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200— (365 bp)
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W (il
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B 3 RT-PCR#&ENFESERRETHE
E R BT Smo .Glil mRNA W R i&
Fig 3 RT-PCR detection of Smo and Glil mRNA

Relative expression of mRNA

3 4

expression in marrow stromal cells after induction
1: Cyclopamine group; 2: Resveratrol normal cultured
group; 3: Resveratrol induced group; 4: SAG group. * P<<

0. 05 vs resveratrol normal cultured group, ©* P<C0. 05 vs cy-

clopamine group; n=3, =+t

Mi(x10%) | 2 3 4

iﬁn—‘ T v — ‘—L}Iil[nucicar}
86 _| e — - ——  — |— Smo
42 _‘ s — _‘— [-actin
5 1.0r & G e
= W Smo
a 0.8¢f
g oe6f
g 04f -
-
L]
2 02}
=
g 0
4

4 EARNBENESERR
FHERAM Smo,Glil EEK R
Fig 4 Western blotting analysis of Smo and Glil protein
expression in marrow stromal cells after induction
1: Cyclopamine group, 2: Resveratrol normal cultured
group, 3: Resveratrol induced group, 4: SAG group. * P<

0. 05 vs resveratrol normal cultured group, © P<C0. 05 vs cy-

clopamine group; n=3, r*s

M A2 B %Y, Proulx-Bonneau 5% & Bl MSCs #£
A TEV R T, HE MSCs 19K 48P0 58 4 W A7
K Kiprilov 85 & 38 S IRNIG - 4i i 40 A 9] 2

B, XS REAMRT EET AR
AE 7 1 AT BE LA HEAEH] . zl-wqﬁﬁibemaiﬁ%ﬂﬁ
MSCs N E A V) H L £, HAf 13 e 175
MSCs 7 i 2 oo HEdi i ; &0t 24 h YLER AL 2
AR IR .2 60% ) MSCs KBV ML £, Iﬁ]ﬁa‘
22 PR T i 5 MISCs [) #4128 S0 R 40 i 431k
W], A Y MSCs #E A AR 3 5K 25 4 6 3 %)L&Q?L
E,IWEF AT MSCs 0] #f 28 JC AR 40 A 09 43 Ak, His
I HEI W 2 2F B AE MSCs 00 28 JoHE 20 i 4 Ak il 72
RS EEAEH .,

Shh {55 %% 5 [ & 2 B 8 (I EC AR Shh, 5
EEE 152 K Pre 5 B8R 11 Smo K Fe st 7 Gli &
FI(Glil, Gli2 \Gli3) %20 i, Shh 7 5 i ¥ 19 &6 55
BRI TR E b, 24 Shh {5538 B POH S
I, Smo 1 i BT % 18 B0 9 2F & |, R Gl 8 F
iS5 2 % 1) 40 R A L B T 9K A I B B PR A B SR
Shh {55 FEAN FHMBEE L. S H5MERE K

B ORI S A # BT A2, Yoshimura 85 ik 52

tha 3 B O VPR B T AT S v R O A M A
RN Clement M58 A ¥ Hh (52 51

W0 JUE 2 & AN LA AR 04 43 Ak L i A a5 JHIEHJ%
A P19, CL6 41 M43 46 2 0 LA 7, e 4h,
Shh {5 S0 PR D oo i Bl S 550w
ZRGHEW IR, ALE K I, MSCs % ik
Shh {5 5 i % %4> Ptc,Smo,Glil, %W Shh {5 5 i
BAFET MSCs, if — 25 B8 & B, 78 11 3 7 s Fl
Smo #3IH SAG 555 . MSCs [n] #f £ 70 FF 41 i 43
. Smo M 41 i J5i 5 B B 4] 2% £F € . [ B Glil, Smo
mRNA FIE F R IR KCEHE I i A Smo #1157
BB S . MSCs J A 52 300 28 50 B 40 i B 25 L 410 1l
T Smo MWL EE K, A Glil,Smo mRNA #i
FEHRBKEH B A, LG REN, Shh (55
Z 5 ¥ MSCs 1 #1 28 T0HE 4 A 731k

o5 LTk A IR S5 R B KBl MSCs £ i54)
% 2F EIFAEAE Shh 5% . 1 BRI R EAF Shh 5
SEE MSCs (802 o RE i M 731 . & PR R B 40 9
£F BT N 58 & (M (8 Shh {5 5 18 5 R4y 2
— (N Pte.Smo Glil) . T ¥4 G £F & 1 A= s 1 (2
Shh {5 5 1 i & 75 %2 M MSCs B #8128 J0FE 41 i 4 1k
15— IRABIT,
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