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Construction of lentiviral RNAi vectors containing human smoothened gene and its
inhibitory effect on proliferation and differentiation in human periodontal ligament
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[ Abstract | Objective  To construct the lentiviral vector of human smoothened (SMO) gene which
can down-regulate the SMO expression in human periodontal ligament stem cells ( PDLSCs). Methods
According to the human SMO gene, 3 sequences were designed to build RNA interference lentiviral vector. All
the 3 vectors were packaged in 293FT cells, and then transfected into the 293A cells. The interference efficiency
was evaluated by quantitative PCR, and the optimal one were transfected into the PDLSCs. Western blotting
were used to detect the interference effect of SMO gene and the effect on differentiation in PDLSCs. CCK-8
assay was used to test the effect of recombinant lentivirus on the proliferation of PDLSCs. Results  Three SMO
lentiviral RNAi vectors were constructed successfully and the lentiviral vector 1 was considered as the optimal
one by quantitative PCR. The mRNA level of SMO was reduced by (28.5 +2.5) % by this vector. The protein
expression of SMO was decreased by 80% in the PDLSCs after transfected by the lentivector vector 1 when
compared with the cells without transfection. This transfection also resulted in a decreased cell proliferation
(1.0909 +0.199 2 vs 1.863 0 £0.206 2, P <0.01) and a decreased expression of bone differentiation
marker, RUNX2. Conclusion A lentiviral vector of SMO is successfully constructed, and SMO interference
suppresses the proliferation in PDLSCs, and inhibits the differentiation of PDLSC to osteoblasts.
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NF T 48 (human periodontal ligament stem
cells, PDLSCs) J2& IF W “F 7% 2y it 72 v e st b e 11 56
SHEARM, anfer R G 5 S oA H AT E S F R SR
FENE o 4 IBF 5 43 F Hedgehog (Hh) 5 AL
FLEY 2 E IR R KT R R CHEAE N, %185
PR B I N AMIF ST %A Sl B S s A D) 6
R R HAE R R T B A A i
W5 IFIESE T Hh {5538 #% 5 0 S /E AT B9 PDLSCs
B 1) A3 s BRAROE S R F AL A T Smooth-
ened(SMO) /& Hh (55 i@ pg P i S22 K E 1, 1155
Hh (1155 S R0 DR 1) 3 5k, AT TS 115 538
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PDLSCs th1'* I SMO 235 7K F- J 241 i 48 5 43
FRsZR , 5T i — 9T SMO J R i 2 e B A )
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1 HRSH®
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20 M 45 57 o-MEM  DMEM J¢ Jify 2 IfiL 5 . 293 A 201 Jifd #% |
293FT ARk Mg B Invitrogen 23 7] 5 18K T /4 pGreenPuro i
H Systembio 2] 5 R ME N VI Bgl T .BamH I (EcoR T ,PCR
BRI H TaKaRa 23w 5 BORL S OS] & 22 5 iRl & 0 |
Omega A 7] 5 SMO (sc-6366) £l Runx2 ( sc-101145) & H Santa
Cruz,
1.2 A SMO A B FH#)5 9] 4 5 & AN 5% 7 F B AR

EREAE 3

K2 GenBank , ZRH A SMO FE K (NM_005631) , 4% BB 7 £
i T H (http : //mnaidesigner. invitrogen. com/rnaiexpress/ ) $2fit
WA BT 3 & T % 41,5 -GCGTCATCATCTTTGTCATCG-
CGAACGATGACAAAGATGATGACGC-3",5-GGGACTCTGTGAG-
TGGGATTTCGAAAAATCCCACTCACAGAGTCCC-3',5'-GCTGCC-
ACTTCTACGACTTCTCGAAAGAAGTCGTAGAAGTGGCAGC-3", H:
EEXE 0 B R AR S 4 5l o 5'-GCGTCATCATCTTTGTCATCG-3'
(1221 ~1 241) ;5'-GGGACTCTGTGAGTGGGATTT-3" (1 428 ~
1 448) ;5'-GCTGCCACTTCTACGACTTCT-3" (1 683 ~1703) , ¥f
BRI E R RRIE KR IEA BamH 1 1 EcoR 1 BV 134
pGreenPuro , 15 2 i T A R # K fir 44 & pGP-SMO1 ,pGP-SMO2
pGP-SMO3., s Ky RS DNA ¥ 33T (Invitrogen) ,
1.3 1R A4 & Bk 2 i L] T

SRR e pR AT AR #4610 7E 10 em BEFRIIL
P 3 x 10° 293FT 4, 55 2 AN IE ] 70% fih 3 BE R
Frtedy . FEYLRERE IR I AP A G BEZURPE 25 pmol/L, %%
BB R THRERAA 20 ug . pMD2. G 5 pg . pSPAX2 15 pg Jil
AR 2 SAFR 263 pL, 285 A 2 mol/L CaCl, 37 L,
SIS B FEALA 300 ul. 2 x HBS, Jaii NIt s , e
HGHCRHE P A B B TR I R R SR 2], 7 ~ 11 h 5
bt IR0k 48 h SR EE 1T (500 x g .0 10 min) ,

0.45 pm JEAITUE/T%E, BT -70 CHRAE, i wm B2 T 2 R
TR EATAG I, 45 293 A A0 F% 2. 5 x 10*/FLAY S BE Bl A
12 fLtR 24 h S AR R B B2 98, F5 4% 72 h )5, U8R
AN, 38 i ARSI e e 1 L, TR R 0 VR IR
1.4 F#HhaFEET

293A A 2 x 10°/FLARA 12 fLA 24 h 5, A RE
FREEFT 3 A TP A (MOL =5) o 24 h J5, ¥ |75 46y it
DMEM B3 FRBEARSEIE TR 24 h ARG ALK 3 g/ mL (YIRS
T RARGERE TS ML K B2 80% J& B HAL A 6 fLAR T, dkst
R EME Y 90% AN, 35 52028 2 PCR Al
SMO &R 3k, i THRRCE . Hi gk 48 h 5 090 i i5R
WA TR
1.5 %22 PCR #2 Western blot #m)|

2 RNA {# ] RNAiso i $2 L, cDNA f7 %% 5% Ff] Prime-
Script® RT reagent Kit ( TaKaRa) #t47,SMO 5|#) . FiiF 5'-
GCAAGCTCGTGCTCTGGT-3"; T it 5'-GGCATGTATACGGCACA-
CAG-3'; 4% B-actin B1¥1% : L1 5'-GGCATGTATACGGCACA-
CAG-3'; it 5'-GGCATGTATACGGCACACAG-3' , SEI 58 Y6 58
t PCR fifi ] SYBGreen ¥57E Angilent 8% 1 5¢ 1, BT iR
SYBR® Premix DimerEraser™ (TaKaRa) , Western blot i AR 7E
J5 #8472y GAPDH,
1.6 PDLSCs 894 & 3% Fx B8 R AE 4

B 12 ~ 24 2 PR My 5 2l B A= T B BR 13 21 1K 5 i 44 fie
FRHTEE A U, I 1% SR PBS [ whgk , SIEBUCA R 1/3
M IR, R P T AL e 5 55 9% 48 h J5 BRI, J5
B3 R, 1 5 80% I % 1R, 20 0 =40 MO 40 3 7 T 3K 7 46
3 fUPDLSCs , 3 i3 it A M AR FR AU 43 - AR 55 4 48 PDLSCs il
A PBS BB BB A S x 10°/mL, & B 100 L filA 4 % EP
B HIMA/NERBUA STRO-1 /NRFTA CD146 K [6] B4 %6f i F.
P, 2o T A A T 20 i 2% 1 bR 25 4 STRO-1,CD146 [
Ko BUE RS SA  BESR 4 1R PDLSCs ‘B8 JF 14, P
2 x 10" /LAl T FL R U8 T 88 110 24 FLAOA , 40 6 il 3k
90% LA - 43 35 S 48 101 AR 75 5 R, H% U B S R,
3HEERES, PERLL AL O Y@M ge, %E)a i T)a 4
e : PDLSCs 4% 2 x 10°/FLAH T 24 LA, 24 h 5 A B
B TR (MOL = 10) ,24 h J5 38 K LN BRI AL, I AHT
B o-MEM B53% 3 500 WL, Fr il 2k K< 2 2 80% fil 5 & I
BRI A 6 FLRk . 24 h j5, IREGFL N BE 9 5, 4y
FA 2 pg/mL BER R R AT o-MEM B IR BRAREEIE I . Rraiig ik
W5 AL IR A, HT T Western blot 1,
1.7 Znfesg s

53 SR T AR R T 10 A e e 200 M 2 T X R 4 40 i A e
T A 10°/4L4HA 96 FLAR 1,24 h J5, A 10 pl.
CCK-8 i), F 1 h J& , Sl IR ARALAG I 450 nm S6%5 FEAE,
SE 4 B A S BRI O o
1.8 fmias-tuiem

WCERARSE AN Y TR FENY PDLSCs , $2BCEE 1, Western
blot A B4k br ) Runx2 ) #ik7K F-, Western blot %
BRI EEEAT
1.9 “itso
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2.1 FHhmEHERAME

T 5 R Bk )G T Bel YIS E , kg5 5~
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8 kb—
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6.7:pGP-SMO3 #5 2 A fl&
1 THRESHEHEE

2.2 FHaRER

K37 48 h 5, 5Ot WA T AR 201805 5 AR IS AR I dh % o
203A 4 (E 2) 3 KPR —E TR . SEroe
St R PCR 6 45 3 7R, pGP-SMO1 2 B AT B dk: THUB0R,
SMO mRNA 7K 5 3k %F B 41 1 (28. 5 +2.5)% ; pGP-SMO2 4]
SMO mRNA 7K %t BEAL 14 (54. 5 = 13.5) % ; pGP-SMO3 4 1)
SMO mRNA 7K *F g % FZH 9 (59. 0 = 8. 0)% , [K 1t %k B
pGP-SMO1 FiF PDLSCs ' SMO [t 555% .
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SR IR T s B E S 3 A S T LA 0 R
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AT LA 55 P B el e D) R A i W B 358 (81 4) |, TE BRI G
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Pk, R 18 8 T LB IR BE S 75 28 K P 20T I H 3
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0.04) vs XTREZHRAEEAE (1.15 0. 13) ,P <0.01] , iE I s 214
T RESTE PDLSCs H N 1 SMO 5 R K3k M 55

(C] D
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CCK-8 1A 45 5 /i , pGP-SMO1 41 (1) 14 5 55 A e 241
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P<0.01;(1.09+0.20) vs (1.86+0.21), P <0.01], %t &
SRTEL TR YA M T S 2200 (P = 0. 81) , 3] SMO B[R (1Y
T2 T PDLSCs (193458 , 73 PDLSCs Y4515 4518 .
2.6 SMO A A FiA4p4) PDLSCs &) ik B 28 fiL5-4L
TP s % Y4 PDLSCs Ji5 , W42 4 i il Western blot i
I RUNX2 SEH AR 1k, & BT 48 SMO JLH J5 , Runx2 3Rk,
2R JRBEE(H.(0.27 £0.03) vs (0.61 £0.08),P <0.01], 3%
B SMO SLPH Y R IR T PDLSCs [a] B 408E 731k, WL 6,
1 2

Runx2(55%10%)— -

1. % B8252 . pGP-SMOI 22
& 6 Western blot #ill PDLSCs #1 Runx2 3, SMO FHfI&Ri1E

3 itig

Hh (55l BE ARG & & i R o Z R 2l 2R 4%
HIE A A BB, AR R A B s AR
MZFN) iz k™ . Hh EAEWILSI g 3 FlH
JE A : Sonic hedgehog ( Shh) | Indin hedgehog (Ihh) .
Desert hedgehog (Dhh) , JH Shh FiI Thh 55 I i
FUIAEOC , By 45 40 A 40 1 1) e B S8 E 5 4k,
AL ) AR T 0 4 R i T i ) 7 5T
gAY ONZ RS S N = i O i AT A N = S N )
TR o Runx2 S50 404k 45 AR 6 Y 2 4 S (X
T IR BB & A B B KA E . ARG R/
BB R SR Runx2 J5 A T BN CE 5 s B 1L,
PRI, AFDOT T 4 A o0 A S 194 2 1 A 1 TR it
Runx2 16 J8H 415 A0 B0 i B B o g T 6
HZRIRIKF- el AR A] e e — 8 B i ek, AR
R RIS IESE Hh (5530 %2 5 T PDLSCs 11
Hor it (R — (55 SR AR BT AR T o

Hh 3@ g LR Hh 5524k PTCHED 35 444
G54 IR Z 7K SMO BT, 8 BT SMO W] 5 3o
BRI T 500, Hoh A Sk R F- GLIL s
Bl L Hh {5 58 s AL E = AR R, SMO
HH R Hh (5558 b i 2200 05 B e s s
SMO B A] 33 Hh $E 5L (135 1k

ARSI I8 0 1R R A, 2 IR HLRE A R
32 100 240 i 1 [ B s P J e A A S0 4t . [] s R X6
T EA R IR, B 0 AR A 2R B Y
Joa BE ORI B A0 IS, AR 25 ) R G A A S IR 2 O
AE e 20k H LR, TR b % 4 i i) 43 24
AEER BT USRI — P50, A 5256 30 o ) g

34N SMO SE RS 5 B T8k ik, & PCR %@ I
DNA U, UESCEAR G JE Ry, 3R T 5= 1
R, N i PCR X SMO 3 [R] 25 38 46 I 45 41 i
7, pGP-SMO1 ffi SMO mRNA /KR T (28.5 =
2.5)% , [A] ipF LA e F R S 5 57 1) PDLSCs , 48556
AR 5% K Western blot K illl, %% 44 J5 PDLSCs
SMO JE R FR ik 7K 8.3 T, O E— 25 k5% SMO X
PDLSCs [ BB A0 AE F B HL o F- WL B 8 T R 4711
SEGFLA

Y% F PDLSCs BUH b 2 22 b, vl e 2 Fh (5
S MR ZMES TS5, @ RNAL SR i
SMO HEPK K35 fig 5 45 5 P 45 PDLSCs /9 1 [n] 431k 5
RETSUER] Hh Xf PDLSCs B H 70 fb 1 5 22 5 X Wt |
BMP 2541 & 515 538 [ & Hh {5538 5% HAb 5 5
Gy ¥4 A [ERE R SE I, X S fr i — 2B 5T
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