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Abstract

With the rapid development in recent years, dental implant has become one of the
major prosthodontic approaches for edentulous patients, and the 10-year survival rate
could be about 95%. However, patients with systemic bone disease, such as osteoporosis,
still suffer from the risk of implant failure, which is due to impaired bone formation and
osstointegration. There are many approaches to improve the osstointegration in
osteoporotic condition, among which biofunctionalization represents a promising one. It is
found that casein kinase-2 interacting protein-1 (Ckip-1) is key to bone metabolism by
negatively regulating the osteoblast differation and bone formation.The Ckip-1
knockdown by siCkip-1 notably increases the bone formation in osteoporotic condition.
Thus, Ckip-1 siRNA (siCkip-1) is a good candidate for the implant biofunctionalization to
improve the bone formation, thereby to increase the success rate of dental implants.

In this study, using chitosan as a gene carrier, we prepared CS / siCkip-1 complex

through electrostatic interactions, and then developed CS/siCkip-1 biofunctionalized TA Ti
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implant (TA-CS/siCkip-1) by coating the CS/siR complex onto the thermal alkali (TA)
treatment Ti implants. At first, we observed the implant surface microstructure and
analyzed its surface properties; then we evaluated the transfection of siCkip-1, as well as
the cell proliferation and osteogenic differentiation level of the rat primary bone marrow
mesenchymal stem cells (rBMMSCs) on the surface of the implant; finally, the in vivo
osseointegration in the osteoporostic rat model was assessed. Our study was designed to
confirm the feasibility of the application of siCkip-1 by evaluating its effects
comprehensively. The purpose of our study is to provide a basis for surface modification

by siRNA in osteoporotic condition and to guide the design of biofunctionalized implants.

Part I Preparation and surface analysis of TA-CS/siCkip-1

[Objective] To develop TA-CS/siCkip-1 and analyze its surface properties, and provide a
suitable model for the following experiments.

[Methods] The hydrodynamic size and the zeta potential of the CS/si Ckip-1 complex
were examined by a Malvern zeta sizer. For TA treatment, the PT samples were soaked in
sodium hydroxide aqueous solution at 60 °C. Then the CS/si Ckip-1 complex was loaded
onto the TA samples, and TA-CS/siCkip-1 was developed.

The surface morphology of PT, TA and TA-CS/siR substrates were observed by
scanning electron microscopy (SEM). The surface of Ti-CS/siCkip-1 with Cy3 labeled
siCkip-1 was scanned by confocal laser scanning microscopy (CLSM). The surface
wettability of the Ti samples was evaluated by using the contact angle system. The protein
adsorption of BSA was quantified by the BCA protein quantification kit.

[Results] The size of CS/ siCkip-1 complex varied from 100 to 1000 nm with an average
value of ~ 235.9425.6 nm. The mean zeta potential of CS/ siCkip-1 complex was about
13.7 £2.77 mV.

TA possessed a microporous/nanofibrous network structure. CS/siCkip-1complex

was evenly covered on the TA and could enter into the microporous and the interfibrous

space. The thickness of the CS/ siCkip-1 complex layer was about 2000 nm.
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TA treatment could significantly increase the surface wettability. And the contact
angle of TA-CS/siCkip-1 was much lower compared to that of TA but still higher than that
of PT. TA-CS/siCkip-1 resulted in significantly enhanced protein adsorption amounts
which were even higher than those induced by PT and TA.

[Conclusion] CS/siCkip-1 complex formulated by electrostatic interaction owned low
poly dispersition index and showed positive charge. The complex could cover on the TA
implants evenly. TA-CS/siCkip-1 showed enhanced wettability and protein adsorption

ability.

Part II Theregulation of TA-CS/siCkip-1 on biological
function of rBMM SCs

[ODbjective] To evaluate the proliferation and osteogenic differentiation of rBMMSCs on
TA-CS/siCkip-1 implants.

[Methods] The rBMMSC cells were insolated using all bone marrow adherence method
and seeded on TA-CS/siCkip-1 with Cy3 labeled siCkip-1. After culturing for 24 hours,
the transfection of siCkip-1 was observed by confocal laser scanning microscopy. 1, 4 and
7 days after seeding, the cell proliferation was evaluated quantitatively using CCK-8. At
predetermined time points, the alkaline phosphatase (ALP) production, collagen secretion
and extracellular matrix (ECM) mineralization were measured to evaluate the osteogenic
differentiation of MSCs on the Ti samples

[Results]| The cells at passage 2—4 were used in the experiments. 48 h after the cell seeding,
almost all the siCkip-1 was located surrounding the cell nucleus, indicating a successful
cellular internalization of the CS/si Ckip-1 complex.

Compared to PT, TA led to significantly higher cell proliferation. No apparent
difference in cell proliferation was observed among TA, TA-CS, TA-CS/siNC and
TA-CS/s1Ckip-1 at all time slots. TA-CS/siCkip-1 generated much more ALP and collagen
product and better ECM mineralization than all the controls.

[Conclusion] TA-CS/siCkip-1 showed good biocompatibility, and siCkip-1 could enter
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into the cells and improve the proliferation and osteogenic differentiation of rBMMSCs.

Part III The effects of TA-CS/siCkip-1 on osseointegration of

osteopor ostic rat

[Objective] To establish the rat osteoporosis model and evaluate the effect of
TA-CS/siCkip-1 on the osseointegration in osteoporotic condition.

[Methods|The female SD rats underwent bilateral ovariectomy (OVX) ,and after three
months the femurs were scanned by micro-CT.

The implants were inserted into the femurs of the osteoporotic rats. After 4 and 12
weeks, the osseointegration was evaluated using Micro-CT reconstruction and quantitative
analysis, histological observation (Van-Greson staining), EDX scanning of bone-implant
interface and biomechanical assessment(pull-out test).

[Results]Micro-CT showed that the osteoporotic model was successful established.
Micro-CT indicated that the new bone formation around TA-CS/siCkip-1 was far better
than the controls. VG staining showed that the bone on TA-CS/siCkip-1 was continuous
and closely contacted the implant surface. The line-scanning indicated that
TA-CS/sickip-1 had the maximum range of newly formed bone around implants, as
indexed by the Ca and P rich substance. Bone-implant bonding strength increased with the
healing time from 4 to 12 weeks. TA-CS/siCkip-1 showed obviously higher maximal
pull-out force and ultimate shear strength compared to the three controls at both time slots.
[Conclusion] In vivo, TA-CS/siCkip-1 could significantly improve the osseointegration in

osteoporotic condition.

Key words: titanium implants; biofuncionalization; siRNA; osseointegration;

osteoporosis.
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N GO BRI EAE A8 505 2 1 o B2 TR 3

Fini M 2P0 7B 4 & MM ER, &SmO 78 RBiks 204 P s E 54
e JI BRI IR, A5 LR JUA T I ASEEAE ARG« (1D B SRR RE 1
Al (2) A ECE A RE T IR TR) 78 5T 40 B alsb s (3D 8y 4 L ) 5 i 128 £
s (4 FEAELRETE KGR R R R CGERKEF AR 1D
ZIRIAS T (5) STaeg RSB &R, ERKEFMMEREF 55 g
SRR 77 o IR SR 3 A4, 5 B O &6 Ha AR 4 0 210 o R A8 4k
EINAE B R BRA 254 B AR EHEN S RIS KU . D'Ippolito G 25 &, Bl 4
WIS, A RR 4k 6 T (¥ 1R FE SR 40 AR H IR D R B S AR R DG 1B ST R AL
%MET, BIRAE TR ), Torricelli 25 bb A fe B (RN JoR R AA TR I B
S, WS MORIE ARG g . T AR, B R (OC). TGF-pl1 #
IL-6 HIE& AT HAEE 2 R0, R L JILKAPYR B, 44 EMEBEmA, %f IL-6 1)
FIAE FIURTS, 5 HOR TR SOR AR B 20 B Sk A P B A R, R R 4
o

AT REE R Gk BE MRS ES, 26T T BN T BRI,
FR G N R AT B A 258, WMERER B AT VR RS R AR R . 6k
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BRI Je MRAR A1) 4 B M L FH 45 (K0 A0 L 1E DRI I8 A3 BRI S22, 4R,
LG WLE R BE R EAR S5 5 IR, ARSI R A B 20— RIS R NPT,
WECER SR BT, XUBEIR k1K) B i S B K R JE IR B XD RS M 2%, (5 I I A5 2
BRI, DRIk, MR R, et B B A E A A RS A
R 53— WL 5 TR RSO 1 AT SRS B, 1 AR A 2 AR
R, RSB EEMERREIENRE, EEAEIRIT IR E ARG
TTHIREWRED . — i, KRR, S B ELRZ B AT
R JR LT 4E S AEVEYERR . B R A S I R R AR R T, TR RARIR T ERE
i, R RATIR VR B 25 A XU IR sk N B A AR T, TSGR IR IRR
IREEREARLE A BB 26T T, #RDUH — % (2 BE BB IR -

2
-

AP AR R AL A

R T HAL R BBACIE T, s AR, PUR TR . R RIAEAE A
PURTMESERS £, Sy Z M AR R, R, 2R RAF AR 1 R
AR R AR B AR S TR AR I 9955 — AR A Il FiofE 4 (1 2 1 1 ot
e AR MRE R A R K, SO R SR N 1 B A AR R
WA, WM AR E R ONUeR L . I, AT DA IS 2GR AR B AT 2R 1 Add
B, AP0 AR L 46 A LR R E P
1 GRALFE K

WAL 225 2 P EOR, BEWS PR M AR AN, TSRO SR (il
KKK FIRPEAR . 2SRRI R AR CAGIESE T AR L A1
e BEFPAELAA () AE V) 2 O o B T S AR 2 300 11 2 T R 2 R0 40 Bt 1k A
AR RE I, BT RAE AT AR F Ak 70 PR A B0,

WFFCUESE, ORERIZE 22 18 (AR B4 F 2 B B 4R AR T T 42 100, 4k
PR 2 8 45 S I AL R 2R 1. PURIE S R RN 3 3 22 T8 AR AR
F, Webster S ORI, AHEL T4 Gebitifk, AORTEIRR B REE T 352 2 1 11
Bt o RIS, A4 RER T B 9 oKAL 5 AU IR I RS BT 50, 9 oR AL AR T 11 22 R) £ g A
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5 TS 4 S M 20 Y ) KR ELAE FH o X R B 4 B AT e BV R 9K AL 3R 18 55 —%Re i, Price
RL 2% SR i BT 440 i 40 A Vi LA B B P 2E g KA P A A 3
T, SEREIR, XPE SR Mk B A ARG Y . Brunette DMLY B4 K T
S THT i A0 M AT AT 4R HRG R L9 A 31, T Ak Rl R R e T M Lo 1 1
YN B B R I 2 B GKR AL TE SR, Price RL 2509 B AR BL, BUCE AMBAEYK
A BER SR T SR I H B B 3 o X I B e . FRATTER A AT BRI it R I, KAk ER T
RERE TR SRl B SG TR RE 7 S A Ve, (RISt ] DA I A ) BB oA, Semi i 455
URACAP R AR AT S i AR M H AR B B, BRI BE B 255, AR DIML] i AN 2
A ARG LU LAY (1D SRR NI AR R AR (2D (k4 i v A
ANYIRENE: (3) WIEAYIREEE; (4) SHFEHEADNE WA 17
FEAEH

Z R R VE W] ] T AR AR AR T oK e, AT (1D WL,
IR B A GUOKRRURL R 4 AN R TR (20 A, iR, k. B
AbEE (NaOHD FHPHMRAE ML (3) YRKRBURIIIRBUE G - Bl (RIRRLTFUIED
PR AUTRL: (4D JeZIREE AT PR . X 8607 %% G AN A R R A1
JREE, e R EALE, ALK B AN A D Re B 755 BN IRUR B 20 5 A T AR A4
R g A FoAh 7 (BERb AN/ Bt 84k FTRR BT 94, T P AR K A ) 2R 18
PHAR AL LA FAE AR, FEM BRI —SHTENE: IR - BER:
T BN RA BRIAL "7 A P 428 O T
2. AL HE

B AL P 1 Hyun-Min Kim 2852 H ) — R AR R G 7 A0 BTV, o2 —Fh 7
V2187 B LA A AR FRRR P, B TR 4R H DR C &l 2 N T 2 &
R B BAHEGEFENR AT T AR AR I R B, 78 SR BN
AHIFLFEVERE, BRI et s iR, MR AR T TiO, 5 OH /&, JEL HTiOs
I KAAE R A HTIOy HaOo ‘BN ITEER A Na' [ B, 528 TE BTG E BRI
KB ER . AEELS, Pl R R T RN A — BUN K 2 FLRE A 2,
Fob ik e T AR P 57 R A B0 4, R R O3 T A RIS PR R
Wb, FTRVRIESR A Ca¥ 1 PO KA N, fEEBREEBEKH (HA) MR 5T
L Bonth RIFIAEYIELE . TR R A S5/ R T T BOR SR B I KCh
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PR T AR N AN A 1) (R e o i A 22 OB, AN Pk 22 S A
BERATRZ R E A S, WAEE BIMARE AR I 5 IR, R T HAEZ )
[42]

B AR A B AR R A2 N AR RSB AT B T T2 B 9T . Bo-Ah lee S80I 5T LA IR
PR 2 I AE B AL SR T 3G A A, RO B S, ARG S E A0 20 RE
JI AR . Ken S5RF22 S0 7 S5 AR B 5] 78 /57 24 J6L 7 A Ak B MR A 2 1D 1) ok
EIEYE, R T RS B S A R XE 22, A sk 3 TR 40 I A A O BT B 1 R R I
(ALP). T ZUEJE (Col-1). HA5E (OCN) 253 ik 3 mml> 44 bt kb 33 fh
HARBEAR . RAKN, BEFEHAEERN BN AU 2, H R 5 g Y
BPIMEE R B, AEIS F AL AR AR RE T PR AR 2 1T B 1R AE BORT
FiAE R, B4 A BE S gl 0L, Bl EE B AT DA A o R T A E T, puk
RAWFEER, 724 E R N . Achariya Rakngarm 251706 Flvi (A Bl ib 22
JRIRNE & Ca I, TRBARERES, FEASRLAARI AT DA k5 R A A DA
BmPTAE 2, HIE R F R KA 5 5 I R 00t s R 45 0 . A TE 1 Rl 1
A fNERAE B AL HER R T 5 AL [ /E A, Bougas K SRR AL 3 2R TH Ik AE W IR 1
RIFEFR R, (R KA T . Kodama T BBiAAE T S R E A N BMP-2
HAFE (heparin) BRI, BE/EMEE MC3T3-E1 40 MR AP RE A4 2 1 i 2 AL
TEOL, RKIUBRVERERREE . B 5 3R 55 BUd A S B AR IR /K3 BT, Hoaz i i AE
NG, i i [R] Be E E h 2 T8 /KPR B 1 FR i T J S *90
2. MiEIEKTREL

T A SR P A A SR T A FE 5 T, MR T — AN A BTSRRI T AU (A B
WA= T o N AE SR TR, TR R e P R P e A, MTTIA B il &0 #2 . 4
R A AR H B . P TR A R 1 7 A B AR i MR g3 e — e N R B R R R
gy, EATTRT LB IS 5 40 M A 2 5T B A AR SRR AN N S N, M SRR
NEARTEFR Z Iy B 52 i B4 N A 25 e (Fel) A/ Dh e (R BE)” . B T Mo A4 36
T AR T B LU R e Be i l B A oAk, SR E R G A R
A TR s W AR PRI, AT B AIRAR F 500 O KU s - BAT A= T MR A 1
et G T AL AR R ) S S N 3E4 Ok, AR G BT T R EAALEE DA YA
J7 18 :
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TR AR R A S . RN R W TR AN R 2 R I Y B, AT
A A B MR A 2 M OE N AR TR AR T, AR T R AR A 3 R (] S
IR . B 2o B R IV R, 37 s — R AE1R, HA B IR
R, (RRbE e, PAEREESET. £ HA WAl L, H—DE, e HA £
TN BMP-2, 44548 HA %5, U 0F S0 R AR R I X B 45 4 s B,

B e T KRS TR A mE NS T, TS A e R Y
JRAR AR AL G o AERPAELAR ST FCIRUIE Ak A, 3 v 3 440 2 A ARl 1P PR
BEEMGTE, AR EE i, AR B Z 1A R o

HTREW: MR TR R RARNZHE, £ B R R
HARRA ARG MRV ARV 2 7 A BN, Wb S o b3 H UKk,
] DU OSBRI R AR SO IR, R 4R i A EE B iR, (gt & A A 4 i >4 oy
JRE AL . SERME S AR A B RORIR & N T AE AT e R IR IR, 3k RS A
arfp B34,

EETERE AN BIRSKAEER. T RJR (col-D. A4ERIERH (FND,
FEAMR- HER-RAZRZ R(GDG) A A 155 R e AR Ji B 4 43 7 1) [ B
HE ARG RE T B RS A R Th RESE 3 ARG . AT RN A 0 1 hn kR A
SETHT, YA PR s A PRI 1) A B L R S A BMP-2 1 LA I 7% MAPK
S SIEHOR AR, Paviova TV 250N BMP-2 Hib b BIERSG 7, R ILH 58
FIEEREE T R - HER - REER (RGD) FySIALZNH 1 4H 1 525 i
R, BENEHCE AN 15 S E BT AN ARG N SN Th RE . RGD BRI T BoRi e 4
Y LR HE R AT T ALK S B T B 2 o B B ALY, Sverzut AT 25 1EFl
TGS G T RURJE, (2t T e 4 o4t

RNA F#HIBEAZ Ckip-1

1. RNA F#BEA

HERVAYT (gene therapy) & I A: SR M 1 — Pl R 52 (B S A AL i ik 97 F
B, UM IRBIRIRTT T BN e . B DRVR YT I 35 BT N HE [ B RR T
R AN &2, K AMNEE RS EY)l (DNA 80 RNA)D S| ZIAN, A
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MUk B S EE R, WS ANENARESHSA TR EEA R, BE 2 REENIER
P Ty B Sl SR I S 2 PO 095 356 TR M T e 08 B3R T H 1P SRR V67 R )
WAL E N DNA, FEE X FERIAIT % RNA HFFCHIRAN, BL RNA AZEA 3L A
BT IR R R N AR G TT I 5y — T TR - RNAL SR Y ) 7 AL
20 42 80 AR FHWIMEL RN, (H I o TALEMANE R . B3 Eted 90 AR,
) Fire Z5RLF AT 7075 N BRAT 28 FUS 2 B0, RNAI A& —Fh st AL R A7 4 o s 1) Ak
Vs R R IE BT AL o I8 XOUEE RNA P FIRE e e 5%, (0 BE DR BRIk BR 72 2B )
A e,

RNAiI FEAFEH N2 5P B/ RNA(microRNA) K /N T4 RNA(siRNA).
P AE LA R A E, (HRAEFHE S Hir mRNA frpihsia, fHRIA,
RBNEEAER H . miRNA RIET B S ERAH, EmERPLELZ, Y18 miRNA
TERZHEAZ RS 11T (RNasellD. #2211 exportin- 5 F— RIIEH T, BRI
Moz, TERUZAAE miRNA. BT EFEENSEEIEMR RNA 5 3 0 B B & &
(RNA-induced silencing complex, RISC){EH T [FIVEZEE mRNA, 520 mRNA #
PR, AT R H AR R A 0 o miRNA. 5 PRI 28 FA 45 S 1 2 2410, B miRNA
RERZ IS AN A mRNA [3R1E, —4> mRNA HAE[FI # 2 4> miRNA Frifiiz. 24
FRIL, miRNA RS IAEZ) 1/3 NRERNFRIL, 25 MK — R,
WIEFTARAERR . T, Al SiRNA 2 ahEM: . 405 SR AL A, B8
O P R L DR B ATLRE S B e R SRR A, ANRER DR PR AR R E ) dsRNA, A AT
INTRHE dsRNA,  51R— RE G LM A0 N FE R B A% BRI T (RNasellD)
HITEFTR, dsRNA #BTVINERE 5 B)/N 4 RNA(sIRNA), FiA%eE Xk, 5
N [) mRNA JERL RNA %S UTELE &%) (RISC complex). ££ ATP 45 i) i b8 e i 2
J5, FEAE mRNA CREsg a2 RPTED, Hfi g & 8 B R R R [ R IA .
2. BERHALH RNAI IGYT

RNAI v BE HRE S PRI 250, DA DN A2 AR A % 2 BRI e A ke R o 1 1)
T H. NLEMsiRNA 5 miRNA, O 72 H 10 3L 30 A0 2 M ) 2 BT 7 126 A1 L ] T
BERIZHTIO. RNAT AT LU B VETT B0 T B, N2 Fhioms i3 (05 RS R e vh T
JTiE, SiRNA 5 miRNA [REA 54 RUFI25R02h 112450k, WTUER T8 24
HARGRE, A EA R, BN R EE R TR, 2k
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NBRIRIT R e B R T, el 7 MR A0 TT IR BRI . FESR 1R T
AR, B AR, S NAMNETER R E siIRNA/MIRNA, A H 3 Juidt N Rr e 4
YIANE, BRI AL RIFIER, 56 R mRNA, {50 AH R R 3T
2R, IS BNETT IR . RNAL T T 2 M iRy, nis g L 245
PRI SR AE AL AESS, BRI HIV. HBV, AR 20 it B B . RSOl
ISE o EP A T SRR BRI A 5 RS 4 B BRI B AL S U, 54T DNA 1
IR YT CAIE B B G IR LA B BRI 1975 77, 9L RNA YRRl 3 KA T 1Y
BT BEE T IR SER LA . RNAL 7 R T~ 2 Fpri AR IR, R E e .
FELMERBT LS, Bl RNATL JyREal 8B 200 KR TT A8 H TR IT BRI & 5%
T AL RS .

BB AA 2 K S A ASFET 51 ER 1N, 20 miRNA Sl g i s gd f b A
AEIZEH WS TSR, T EE, SCRERRE, eI b
A 5 28 (A R PLARI B A1 RS 3 AR RO )i 72 7 ) miRNA 345 miR-2861
miR-214. miR-21, 23a, 24, 100, 125b £ X ff . miR-2861 #& 55—l AR K I 5 & it
BiAAE J5) miRNA, E4EH T RUNX2 72K 7 HDACS, #miH i . Seeliger C
LW ORI, B UG AS BEE ME AR ZHZA N miR-21, 23a, 24, 100, 125b HRE T .
MiR-214 BEEERIG K LI, (BT ATF4, 3061 8cE 0L A B 7 th. 1EF{2
BEE TR miRNA A miR-29a miR-31. miR-15b %5 .miR-29a A& %1 i) i 15 Dkkl
sFRP2 1 Kremen2 5 wnt {5 ‘5 I8 g 40 K], (2 #EF T2 o miR-31 #E[a1/E ] T RhoA,
M A A T RE . miRNA IR 782 & FUGAA 19 RNA Pt i B 226 4y,
] miRNA #1575 (anti-miR) 5 miRNA mimics(Fq8147), AEEHE BI(E#EH TR
T B R G BOAE 6> 81, Wang S anti-miR124, 7 R i 155 1B R s FA 4%
PR M miR-29a, 0 7% B SR 753 ) Wt AT Dkk-1 ZhRER) RAT,
(i 32 B 240 M 23 AL AT P i AR

siRNA I T-H AT B 40T 72, siRNA TEFI I RHE, 5 250 2 LA
TAAE: TSR mRNA SGTRF S PERE s BORr e, DU S s 0 R i B o«
TRITHREUEETE, DGR, 8 A S MR A T 8RR T E
H— B2 siRNA WRIT IR R, KR8 IR RN X S5 S5 SR B0 B, HHE R
FEH) siRNA FEFRI B AR, B BB M) RNAT B4 =ANJ51H, &5 H#aiE—
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RANATUAEN BFREE AS I ANEN 1 BE AEM AR R G T A% 7 (NFATcD)
2, BEWRUGERE (HZUE A K (cathepsin KD %) FIBLE A0S E (R K
K732 44 (EGFR) 48) . KR HARFE AUIAAE R RNAL TS ABHR N, L] RNAI
FF B R AA M6 TT A7 AE BRI /117, RANKL, 2 B 4H A 1) — S S8 ) 20 AL AT
WA, FAAET RN, WS T 4000, B SRET 4egn i m & R L. ©Rei
454 NF-KB (RANKD, s PR 2 AR e h il B i 704k . N HEEXT RANK
[ SIRNA ] A3 2840 i ki 40 A B R RO 7, B4R 21 467 (Z£p467) %ot Rl
24 i ) T T A0 B R A A R R, BEXT ZEp467 1) RNAL m 4 g 1y
Y0 TR ORI ) B T TR B A4 TEAG T UM% IR T 1 B A(NFATC) 23 5
2 i TR 1 7 A R A T B PR B S DR 7 R BB A R ) SRR T IR 3R, R
SIRNA, {5 5 PN PR 77K~ FEAK, BB & AR A sl o 2% JE R RR & 88 (FPPS)
SIRNA  RJ D3k 46 14 0 1) B 200 A 3 P B W AT T AAR [0 1) 7 2K v 40 L A e
HANNG, CEFEIERIINH] TR 4 S R A RS, SN T R B . DKK )
Wt {5 S AL T, 2B TR SRR R 7, 0 IR OBR AT (2 B TR e
A,  c-jun. PPAR-g. MMP-1 }%2-13. PTK2 . GNASI. Noggin Z5#F ] {F & i
BiAs RNAL W71 HAREL S, I8 5INH siRNA, FERPEREEYUER, WifiEREsT
H el
3. ERFRBAEFTRE

BRI R, PR sIRNA/mMIRNA (4 2508 Je i /L DU 4640 8 ik
AR N DD B A B 5 JE e IS s RERS BIA AR A T H ARG REE 15 7 i 14k (1 48
MRS, JE Ik P A P A RS s 4T M PR 36 G ol s A SR EDORT B A, S04
FAEBALRE A siRNA/miRNA, fHHIN#EE] RNA F S U E &1k L, IS RNAi &2,
M FRAIE 5 S5 R TBRVE T . AL, 2T siRNA/miRNA FIZE VAT )2 R AR K
FERE BT Refis A 0 siRNA/mMiRNA &3 2 H ARGH MR H AR 07 10 22 R 45 33
RG0, B2 AT R R DR AR . 5 DR B A 3 B0, 5 0 5 2k IR R A R A 2 2k IR 2K
Ao 5k DR B A A 1 R v HLR AR IR T R N Y m AP Rk, 2 Mo 2 T A
AT MR BAHOCREE . B RN B AR AE DR R R A8 B TR,
TSGR I OISR E L T 2 RGEHH. (Bl TEEE 55
RAEREENZ . BUEbE. MM RE. BB RO . A
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s BRI TR AR A R A B . R R AR, RIT
IR AN A I PR B 52 R FH 4 — R AT AE IO, O ZE DR AR 1 o — M £ . AE
BRI DR AR Sy A B T IR PR AN SR B IR A K. e AT odd i AR 5 A7
FLA (1) DNA/RNA MG TEREEY), XFEEYEHE T M 5RE, 32405
B A OR4 DNA/RNA %2 LB . BeJa, —#70 DNA/RNA BERCEI40
JF R B 240 M s S - 2k T,

FHES TR AR T A R E AR . B & . Lms i 30k 5 13 31 H e J5
VARSI F, WTRMERNZ R iy 7 254, (KR ETR. DNA. RNA. B fE
ISR A, B A AR B R R 34K . [ Felgner PL. et al ™ ¥ YOk e F kAR
NFEEEEAR LR, O8Iz A TERBANT . EhePiEE DNA/RNA il
HAERTE R E G, SEWNIR/N. @5 aim g RAE . EFIREEIEN
BN, CZ R T siRNA/MIRNA 252 Rl RIGRTE T, A i i iR IR o A3
R FEA AR 2000, 1,2- BEHE-3-=H 34 - Akt (DOTAP), TransIT-TKO %%
30, BA TR R 2L 7 1At 157 PR i 5 4k 2000, BB AR G 1K) mi- 138 mi-148 [ Ffif A
RIEThEEtL, WP, FEHAEMT, miRNA ¥R, FHAEMBEA KT
TER, RIHBCE(RIEER . BHFAW R, BHESF IR BUALE N siRNA 3 H 2 A 7
fE—Sef . e, BARHEEE MGG siRNA, (EFEVR A3 N AR A 2
BRIF, TR HAEM AR E . AReA BB siRNA A K. 74k, BHEF IR m A7
E—E M, BB MBER, BONBRHIF AR 15— EET

BH T R G R AR BRI IE IR B RE, I O BT 7 SR Jk DR 804 A — ANV K
It FE 7 1] AR R BRI BE B 1 R &) EZ AR RN RSN R, W
WREMW RGN, ZkinzRBER. 2REER. 2949, AEAKEA,
DL AR AR A, W3R LI W R B R IR %5 . 2 ME (chitosan), h2=&FN
RAE PN (1-4)-2-2 55-B-D & HE, 2 - (1-4) B BiEs: DA &P A N-&4
We-D-Z LB, & — P RRILR IS T 208, EARF P2 FE. BNk
MON: B VI AL, CHOERRATE N AT ARITE A R AR AR R, TR RS
DRI A= A TE A G R B N, FE AR A BRSOt E (LDSO) ik, FIREHE
SR AR RS AR SRR PR, B UL R K S
BeAh, BRI PR AE ST RE R, B AR ) S B R TS SR A B Ay
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BEZ TV DRE, BAEREIEERE, T EDIReA e, RN EE, BFIK
B, PUEANEITRER, SEmAR A AE . Ak, SRR IR EE MR AN 2T
BAE P Bl LB N T 25 10563% 7). 2006 4F Haliza Katas Z5R1 25 51 VR
FEERBEE DY sIRNA HIFERIEA, AT SEWHIsIs 7%, ~FIRAR. S 3eE.
FRENE AVETE R AR ST T TSP, RS T HATAT IR, RS IR
FT RNA B LRl . IR AEoR, EIRGY . JRs &5 2 s 1 B R VR 7 i 75 77 T
KPP, 41 chitosan/ NS1siRNA 51 ASIH1A Py F45 F IR A AR 25 51 A2 1 4%
RERUBGL 55 RO 5 &5 4 X4 b ot 36 52 4 RXFP1 (¥ siRNA, AR AT 51 i 41
A KA A2, B Chitosan/ EGFRsiRNA $8 5 i 57 154401 A8 40 Mo ) 25 P i e v
B2, S AL S R T T B A AR, A T AR B B A )
SHA—EREEM, IS ER T 225 8 24 25 R A2 AT PRUECEN LA A Y
YEM ez 4tk . A B -EW RN N @ e EZAFENE, —FNRGEIERNH,
HIRE 5251 L3RS N i Ik A JFG oo L VA A 238 48 58 B AL AR L, %07 TH RO BT
FKELEX T MIRIGIT . 5 —RNRIMNA, ZM@eEst 7 Ea5Wrii b A
BN WL, Bk HRS EBEACET A, REREESYIERT BisiA,
MEEE. MHMHL TS M, BMAZRERD, RE T &EEM. &8
RLFJTVE, WMRR NS, BERCRHEIT O ik BALARE, REASE. IR
R HEATRE R N VRS . B SSE . RERN T B T R AR, AR B — DR
NHIFRZ BT 54, Morten @. Andersen %5 * ] 5% JHE 32 41l TNF-a siRNA 454,
I AR e IR DRI CBR AR, DR A AT T2 Y 7 R /siRNA. JRj &8 F 25 FH A
R SR T AT 1 6
4. Ckip-1

Ckip-1, B&HEE 0 2 AHEAEAE S 1, SIS NE —F S B FEEE 2 1 o
W (CKy) M EAEFA M —FEE s A o b g5 Ih B8 AW 78 R 30
Ckip-1 FE[RE 1z RIEFGmtid ¥ —Fl 46kDa (15 AT, A& (K45 0 AL i 1)
IR E A (PH) , BREmE R (LZ2) M E & R4
P DX I8T33k 58 ) (R A7 A5 T AT LURIK S 4 8 1 R AR A B AR : Ckip-1 5 CK2a 45
& ARBEFURERT CK2 KI5, 55 3R 2 AR5 YA TAE e gt 1B tL; 513

IIH
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i
I

FRIE AR A o WAE(CPo) 2 A, i35 FEAIK CP IR BRI V5 1, s F-AL3) & [ (F-actin)
FRERAERT, TE R 2 K 1 LA AR A R (A B AS . Cip-1 BLHER SRR AN 22 52/
TR R B R R E R, AT REER LR 3-EE (PIBKO 55, AN KA
i: Ckip-1 I REARAFKE E R & BE-3 (caspase-3) SRMIFBIEE A 1 (AP-1) {55 iEK,
[F] S 3 RO DL R A Bl-3, MG, TEs— AN IR BHEH; Ckip-1 7T LAHHE 5
L R R AL (ATMD BIAF R, 225 DNA S5 E 2R i E A K
SZRE ST . THE FN) FSEAR IFP35 K HF R#Y N-Myc MHEAEHE
H5t (Nmi) #2555 CKIP-1 AHEAEHKEBER, #&/n CKIP-1 AT REZ 5410
K155, ZEARN1E N TFP35 Al Nmi 42 BRI R 7. Ckip-1 383 A [F 15 2076
SRR AR 5, S5 SRR R S R AR . A, I A A S A
FRARTSME ), BT TUAS JA U IR, e 1 4 M A R 4T L P 3 B e 1 4 i s
A, fER—MIESEA, B5MENEALEE, S5IREZMEZNGE 5@,
PN E SR AN G K TS S A B,

Ckip-1 7] ot I 15 G- AH AR A 38 A e sk R s, (REER A
WEER LA 24k - 2008 4, Lu.Z5 R} 22 K 1E Nature 24 3& R RO 7045 B 48 1, Ckip-1
W PH X5 Smad 2 AT T 1(Smurfl)f) WW Z5Ryisgs &, (i Smurfl
SR HIEF 3 LA e A0 B VE T Re, B Al RS AR B T e i
FREE AR E . Smurfl 2 E3 72 RIEEBERIEN R, B KERMEA,
TGN AEAC . TR B B R EZAEH . Ckip-1 5 Smurfl 7£ Smurfl K4
255 DXL X AR 5, RAEF AR RIPER, {23k Smurfl-JRMMES &, 5
VMR KA, PR Smurfl /-3 8 H FUZ R AT Smad1/5. RhoA .
MEKK?2 Z§JRAMBERE, RIS B SRR M fa s B . X Ckip-1 AR BT REIEAT
TRATIEFE, 385 JE DR BB 52 453 Ckip-1mRNA {12635, JERREFRJE smurfl ZhHEVR
55, HEE (BMD) MEEBVALSUAT (BV/TV) BB 4i8m, &maomnte, H
ML T AR A SR B B . U A D) ReAR SV REEREE (ALP). 1 RURJE

(Col-1) RIS, MEMHXIREWERT R (OPG). ML (TRAP)S
FRAE SRR, Y Ckip-1 JE DK ok J5 S5 325 b (R 320 B 02 R P 17 R T S 52 i R AL
AR R AR HERIVA YT B 0 0 H 5 R Bika J7 T 78 /15, Ckip-1siRNA [ H Al siRNA
— A, FAHME AP R IR S AR D) e B A S S, TR A B 2 A U R DR A
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PR, RMEIE RN — RPIES, BAH e B REH K IEM . Zhang
ST T E F FH (AspSerSer)gliposome 1FE#4A, # Ckip-1siRNA $2 5 A4, A5l
T R B R B A S N L BT AR A A RORE, R BTE MR 1B A R
Ckip-1siRNA [ 40 il 5% Je Je AF FA K58, 1 9 40 B 1 FA 73 BT, Jia 2500
Ckip-1siRNA 5 Flt-1siRNA (A ¥AEM: VEGF %24k 1) S8R BRI X8 E, X
FhSZ AT LU siRNA 7E IR 25 28 26 28 R /K R4 2 A DB AN ok 25 LAkt
RN R, SEEERIVUER. HES R DUPEBERREG . ARSI RR )T 2
FIRTt. N TARAR, BRI RIFEIEEAE . Bk, Ckip-1 7 RMEN HFF
SN, BRI B R AR, 51N Ckip-1siRNA ST IHLHETUER, #081 ckip-1
5 smurfl # HAEH K — RIURIREH, LR BEE R B ¥, ST
TR AR B B YR TT o

It DA SCHR BN, 3T AU AT I7E miRNA BRI AT L4 51, RATIA
N, RNAL G5 G FRAAR A BIEAR, R4 B BB A A T I A B 456 7T
EORME . ATRAE, siRNA BEWE N TR R R IS, (a2 Fiore ¢4 7 16l Ao
AR B TERE sIRNA B I D REAGAIEAAR, B A 50 H B ot Spk 9 5 4
SO, SPERATR BT IRUE, R AT
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IFE X

% —3 4 CYSICKip-1 zh g8 LAtk 69 4) & &
&R SHT

FREMRE R AR T2 BT A s R B 36T, SR, AP iR T
FEVEEAR R, NS R E TSRS, JUIHRTEE T A SR AR T
PR R B RS, CETER R I I B 4G, S EURA I K A 5] R R
KW AT IR BIFRE S, P AARISER R, R
B VAL FE B A 27 1 2 T A BN A 4 DR T (4 A R 2 T A M T RE A

B A A PR A P AR R 2 T 5 FH ) — R A B v . BRI S, FRAER R
TS VB e ARk e . RS B2 S 3 o R AR B AR Ak, FT s & Hofh B0 AL
BAEYN T FEE R, R E R . Ckip-1 2-E RN &, @ity
& Smurfl, 51K —RINRN, HETIRBEEERM, @ik RNA THEAR, siCkip-1
HIHEAEE FH RS SRR E G, N R G RIA A R e AL, R Rk
HOUTEREE LR, HOHIBE S AR, (R AL 2 A T I E T G T T8 R AL 1
HIT

FEARSER Y, EASERNE (CS) fENHEFEEA, 5 siCkip-1 JEME AW, HH
TNARAEBR IR A PR A R A AR AR 2 18, 1) %% CS/siCkip-1 TIREAL I FIHE A TA-CS/siCkip-1.
M5 siCkip-1 MNF S AEIL, M7 TA-CS/siCkip-1 HIRE MR, G 84k P #hs2ie
I TSR AR5 07 TR AR 3

1 w8 R FnqEs

11 FER7 S#H
ik AR (PEAEH W Fibe); RALEERPAX (STARCKEfEED; FK 4
BE (o, REFEBRAARFERATD; WE (e, RiERhE Bk sl
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AIRATD; SEAAH T CRERNE B IRFA R AR Rk 5 CRiEFR
B IRAFEG R AT Ckip-1siRNA(E R, EilF); 52EPE (Sigma, EED; 4L
5 H 2 H BSA (Sigma, EH); T = Hr R RN SDS CREERFE R AL 220 IR A 7);
BCA EHERRME GEaR, FHED; 24 fLF 96 fLEEF=MR (Nunc, FEHED

1.2 KIS SR

A IE Ve A (KQ250B, Bl M A S A R AR D %1 s
(S-4800, Hitachi, HAS); #Efffill&E R4 (EasyDrop Standard, KRUSS, fE[H);
WOEIL IR A RS (Olympus FV1000, H A ; WOGHKLEE 43 #T1X (Zetasizer Nano-ZS90,
Malvern, £H); FEghriX (BioTek, KED

2 LA E

2.1 CS/siCkip-1 TheE{L#piE (K (TA-CS/siCkip-1) HIH9#E
2.1.1 FEFE/siCkip-1(CYsiCkip-1) EAYIHIHI%

FH B R0 751 5 4 K BE S T A 0.2 mol/L I BE BR AN, A pH & 4.5, KRR
FRERS A I N AZBE BRANZE PP, lE R 0.8 mol/mL FISE JRMHIAWL, R pH &= 5.5,
Z:MRBC 1 A siCkip-1 #77) mnd 850 JF I DEPC 7K, JEREZEKREE N 20 umol 1)
si Ckip-1 . 7o RBES siRNA L 16 : 1 FIAEFILLIR S, 4% H CS/siCkip-1 B &9
W, RIS &

2.1.2 CSIsiCKip-1 E &Rz & zeta AL HT

CS/siCkip-1 EAWINIRIARR zeta FEATIS B IR SCHOL KL E 3 AT A0 (Zetasizer

Nano-ZS90) M5 . B 1 mL iR #I4& ) CS/siCkip-1 B &YW, NI,

SETRE 25°C, KifR 1 zeta HEA 43 BN 5 VK.

2.1.3 BRIASCERAERFIHEAR (TA) K%

TR (10x10x1 mm®) £ 400 H. 800 H. 1200 H. 1500 H. 2000
HI AR AT BB, IR oK CBEAN 258 1 /K & B A5 ¥E 15 min 5, 37°C 1HiR
FHEe, TERIGEL (PT). SRR 75 4K ECHITE B 5 mol/L 1) NaOH ¥, #
AR N ZIEI T, 60°C TEIRMAR oAb 3 24 he KEBESERUS, AFEIR I
K ZBE BT FD 10 min, 37°C HEMT &M, FRBAGEE (TA).
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2.1.4 CY/siCkip-1 & & YAE s A b B A 4 R TH PR3

¥ TA BT 24 FLBH, FFLIN 400 pL 1) CS/siCkip-1 B &YW, #E6, 4°C
R (12 o WAEEH G, FIBSERZZ MR RS, FRA T ARET, Hl
#TE R CS/siCkip-1 THEEAL I TR AED TA-CS/siCkip-1, . MRAFELIGHTTE, [FHS
i £ H Ao 2R, A T
PT: G AiEkA
TA: TEHAE A ;
TA-CS: B2 BB (TA AR IAE 400 pL (RIS ERBEE T, 4°C BB,
TA-CS/siNC: Bl AEFE-55 B BE/TCTh e siRNA 41(TA EEIR I%AE 400 pL H 7% S pE Al
TCUIRER] siRNAL6 : 1 RE TR, 4°C B
TA-CS/siCkip-1: B AL HE-5T FHE/Ckip-1siRNA 4 ;

2.2 TA-CYsiCkip-1 RETMEIR 947
2.2.1 MEAREEE RIS

8 FH SEM ML AiER . (PT), BFbEEZH (TAD, BRFHAAbHE-53 5 M /siCkip-1
ZH(TA-CS/siCkip- 1)1l IR E O IE AN, TR A& E73 501 9 2000% 41 50000%
2.2.2 SICKip-1(cy-3)FE B AR I 7 A1 5 5L 20 A

i cy-3 ARic 58 siCkip-1, 7ERENCARAE T, #2588 —ior 328 2.1 h &4
% NI, #IE R TA-CS/siCkip-1 C(cy-3). Kzl EIImESH A L, BT
WOt RAE RSB (CLSM) R LA 400 nm 2 /E WK 2R THZE 24, HRARE
THI ) siCkip-1 434 B 1% o
2.2.3 FrE AR i A BN 2

¥ 2B 7K TE PT. TA. TA-CS. TA-CS/siCkip-1 ZHikFEaRTH, KHEEGHr
BRI AR R 10 s SR, A DSAL AT EE, T &4
AR A A & Rl 5 MRARE, B EUR BBl A 2R I B =K
2.2.4 FE AR & B RKE 2T

¥ PT. TA. TA-CS. TA-CS/siCkip-1 Z4LRFE (4L 5 4N METE 24 FLEFRIR
Hr, BN 1T mL BREEA 0.5 mg/mL FMLiE HEH, 1HIH 37°C ¥ F 24 ho WEEH
T PBS BRREIREE G, FEFLINA 250 uL 1% SDS 4 1B 2 1 W B ) 8% 1
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fit. 18 BCA B A E &N G %, A FHEEARMUAE 562 nm 3K T ERGE,
BR K HE AW,
2.3 KitFSH

T IR Y R F S B v 22 ( xsd) I, Seit 24 M SPSS 17.0 (SPSS,
USA)#A4, GraphPad Prism 5 Gt i+ 45 &

3 KWHER

31CYsiCkip-1 EEHMINIER zeta BN ELER

Kl 1.1 /& CS/siCkip-1 EAEMRIRAAMELS R . i, ZE SRR ETE
Bl ZJfE 100 nm % 1000 nm, “FIJRi{FZIN 235.9425.6 nm. zeta HLLI{H 2] A+
13.742.77mV .

12
10

Intensity i %)

o N B o o0

10 100 1600
Size {d.nm)

B 1.1 CSYsiCkip-1 E&WhizE /M.

3.2 PR EWNEMERREER

PR B M LR PT. TA 1 TA-CS/siCkip-1 =PRI SE 1.2
o PT HAEARAT WS N AT W B T H06 55 R R s R IR, = 5 A 28061
IR . BRI fE, REESR A EEBN, ERILERDMA—. 2R,
RIABEZ 3. £ 7E CS/siCkip-1 AR FIRB AR InEk, FTLLWE ], TA
KHPHMBE R T — 2 FEYIN CS/siCkip-1 EEWIRE, BRLAIEH WE| TA R,
—I AW LIS E N 2 FLAE M RLIR B AT 4R 4 R



FoFREXFALFHERL

400nm

B 12 2igkd (PT). WAL (TA) BRPAEEE-F R HE/SICKip-1(TA-CS/SR) AR
FERIHRIR SRR . K 20001 50000

3.3 BAEREMNEMEKRKE Cy-3siCkip-1 5%
KH Cy-3 2L HRE I siCkip-1, MEH MBI K MG BOGILRAEIL
REEF TA-CS/siCkip-1 (Cy-3) RAFFNKRZERZZZAH, B HERZ 8 400
nm. WE—RFFREEG W, REMEIBE siCkip-1 M EE D, FEBEENM
£ CS/siCkip-1 ZH#. siCkip-1 7375 TBEANAAEE, FErldb N 2] TA RIEPOKFLIR S
PRI . JEITHE, RER TR CS/siCkip-1 &AM 212 2000 nm.

_31_
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-.

.

K 1.3 jn# Cy-3#7icf) siCkip-1 5, MEBREMBACLRESEAKEG. N
RAEREZEERHE (a»g), EFEN 400 nm.

34 MEAREFEMANELER

WE 1.4 Por, SUEKARFREEAA BN, 200y 6548, Wi Al {E IR 5 B
LRI (VT AN R AR TS A o BAAAR TR R VROV 2R R T 7E LN [6] P ke
JHERIT, JLT AR R, WEREM AL T 0. N#kcs 5
CS/siCkip-1 E&Y)a, WPERREALMAE TA HAE TS, 4830 + 37, EHE

KT PT £1H .

TA-CS/s1Ckip-1

TA-CS

Contact angle(”)

80+

604

B 14 WiEEARRFRIE 10s Ja REFB IR EE R & Al ERMA e 8o. £
BN BB EMERE DN S AR ENBRFEER, £ EN DSAL R H%
HEGRRRZEMANEE.
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35 MEARREEABRMERSER

PT. TA. TA-CS #1 TA-CS/siCkip-1 H]# [ BSA HHW &R WE 1.5 s, &
RE7E BSA 24 h (5 E, PT BRI 108 T2 8048 pg/em’ TR HEL)S,
R A R B T B ARG, TA B AR RN 20 4545 pg/em® 52 B 5 CS/siCkip-1
SRR S, B3 e TR E AWM Gy, P R,
TA-CS/siCkip-1 4 AR EZ8 100£12 pg/em’s

120
"E 1004
-
2
— 80-
=]
=
= 604
=]
£
- 40+
=
=
s 204
(-
l]-
\Q;\ C?v" LY Q&
£F Q¥
&%
‘c/.
&‘\"’

K 15 BT BSA H1i8H 24h J§ PT. TA. TA-CSHI TA-CS/siCkip-1 & ZHiAFEER
K ARk EBITE R

4 g

e SRRk R 7 o B SR R Bk 2 —, A By 1) T H P A G mT DL o A A
JAN siRNA JERCR BEE &4, X siRNA PEAERPRIERER . RS T2, B
LT . FERMEL siRNA FIREE MECEL (N/P E) LR R SR piE 4 & fE
TIREEMHITERT, R EMEIRIAE . zeta AL FasE e, MITTRZIHLNHES 4ol RNAI
RSP DUAERF AR I, B R o R ST SR T DA AR A R S R R R N B 2
PR = I SE 2R ME (80%) 5 siRNA JERE BRI 45 & 5 =i i) RNA FHER8; N/P
HLE R AW zeta HIPE, AaERIIEMER LL— 7 THfRY siRNA. 4ERF R AWIHIF
E, H X GHERPCREYIMEG. Fit, ERRITES, RA13% K80,
AR 150 kDa, 95% Mt CEEZRIFEIEME, BL16 1 IARRLERE &Y. X%
CS/siRNA 5 WHIRAZER zeta AL TN E  KiAR{H 2N 235.9 + 25.6 nm, ¥} zeta
AL N+ 13.762.77mV, X —Z R 53k —80>%, AT, ZE5YEHA
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T 5 SR A A SRR R

siRNA 7EFAE AR T 1) Do AR R 3 002, fESRe T, JRAE
FEH BB Ao IL RS T N5 iR, AR E R EE GRS S e
PR AR, siCkip-1 #EES G, LK 2000 mm [FINFJZE, & H3ENRH KPR 2
FLEEHIN . FATINy, CS/siCkip-1 B RIIINEHE S T N A B & Y4 & 2 M A
AMFLRMERA: (1D BAGCELS, Pl AR IR SRS A, AT 230
A B, AT IE B Chitosan/siRNA & AW A4 i BB A s (2) IR BR A
ReFRA AR R TS, RIVH R, SUAER TS R8P, KT A
AR TEEVMEE PR S8, siRNA GBS 50 A T B A P AR R 18
(3) ML T AR REAR, BRI R 2 FLAE M, (R R AR I,
HURERERE DY o SEM HIARERT, W LUE B E &M NILEE W, $o
HEWY) S PRl 3G K, X AT RS A s (4) BRFIAALBRER AN 52 R
A 2P, SRR RIS RN RER S 5 T X — il 2. 45
Forp, BATTG EX X — NN LE AT HE— P IRNART,  [RIET 34K B 3 1 75 100 W B
SiRNA T ¢ 8, REIEHE siRNA IR NG 1%,

PAAR) 2 T 2 (1 WY A ot L0 P RS ) R 4 B o B RO R R R AN TR
JE R R ARV EY RS AR N G, SERIBE MRS L, BT R AR
TR AR, M RIAEmES —ZRLRER, FERMEAEA. F4E
AR 1gG Pulk. FEEASERNEAE. X, MEAERANFRERS. X—
T B R R R, GBS, IR
Jo B A A P AT R A T AR R P AT, R IR AL FR S, R
A PR By T A, SR SRS CS/siCkip-1 R A WIAE R FER TH (N, B3 iR
MR AWIEE S, TA-CS F1 TA-CS/siCkip-1 PRt &L . AT N, X
A RE SRR IER OC . MR ANy, /K R IHE K R A R T A
BRI, BRoEAKPESS, FLAYIR 3R U b At 2 B 2R T G 7T o Paul
Thevenot P S 04T T A RME S RFVE IR (IR R B OC RR IR, 2R W 5 4 2 J: 4]
AR WIFREERME AWM A I FRIC, & (NHy) (ERIHW ERA, (2Fe4Rs
IR AR A B A R R B, (R SR AR AR ORI . RN E A
B, ATRERLME T ARSIt TA-CS Al TA-CS/siCkip-1 I AW AE f7. Bhah, R
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il WO A RE S S 1 X 8 W PR & (5

5 45it

(1) SEHHBEF siRNA RO F IERF AR NSRS M — 3. 2RI
CS/siCkip-1 &

(3) CS/siCkip-1 E-A YD RENS 7RI AL B (R R [ 35 S Hm %k,  JE /s 2000 nm [
siCkip-1 /2, il #4152 CS/siCkip-1 T AP AE A H) TA-CS/siCkip-1.

(3) BEAAL PR RS TR = 2L RER T SR K I« N3k CS/siCkip-1 E &5, Mk
R THI 25 1 R B R B S
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$ =39 CSISCKip-1 % i Aehb Hithat B oA LR T
mie (rBMMSC) AW FATAHMH R

B HEIR) 78 P40 (BMMSC) s — B B i B B TR H 3R 5 R 00 4
M, BA R AERE, R RL A O BeE 4R B 4 0 R 7 2 1 45 2 b 4 i
N0, Fhig i Nl e, Sl e, EARSE— R4S, BMMSC
KB AEA R T, JFARIEFEAT 04k . BMMSC 38 5E /K 7 A1 A B 40 i 7 11 o AL g
METEREREE, Joeh A RIFIE G TE M PR AR S . A
o, BATWER T siCkip-1 [P BCE 6 18] 78 B 40 L (rBMMISCO 3% L1 45, % CS/siCkip-1
Dl e AR A 2 T 240 L ) 89 B v PR A R Al (U B PR g 5 il IR 70 il 4 i
ARETRI L) B J1AT VAN, MIPHRFE CS/siCkip-1 ThRgALFIAEAAR FIAAR S BCE ThRK
N BRI I T B A S B

1 w8k, A28

1.1 EEHEFNRF

a-MEM (Gibco, ZEED; a4-iiE (Gibco, £ED; BEAM (Sigma, 3£EH);
PBS (Gibco, E[H); FHER/MEH S (Sigma, ZEE); Ckip-1siRNA(FHH, i),
Hoechst (B =k, FE); B-HIMBEREN (Sigma, FEE); HLZEKHK (Sigma, FED;
#diER C (Sigma, EED; Hi4d SD KR CGENZER KF LR 3YH0): Hoechst
etk (GEaR, ED: CCK-8 A& GRBUE LAY TRARARD: ALP
AR FN G GEaR, PHED; 0.1%RIRE LA RER Y (k7] (58 PU % R R 2 RSt
KD, W RZRA (Sigma, EED; 24, 96 FLEIER KR IR (Nune, SEED
1.2 FENE

HIETAES (TRMgih); 405 9R4 (Thermo, EE); BOLILREERE
(Olympus FV1000, HA); HIEAMZEME (Leica DM6000B, f&E); 436k
1T (Thermo Scientific NanoDrop 2000, 3£[E); AW E M5 (Leica M80, 1 [H)
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2 R FH*

2.1rBMMSC 4HpaA1E5F

rBMMSC HUE 1 J# ) SD K E#E. KRS 75%OBHHEE 15 min, £
BRI 25 At T KGR PR UM 151 OB 4 5, 2534 R T P P 2L 3R B S U - B i
VRSN PBS S5 IR E ML, A e Rl N E REE N S Y AT ICAF I 10 mL &
10%M6 4 M35 1 o-MEM 8538304, B EE kB 6. BERBALL 1000 rpm 55
0 Smin 5, 7% B, SRS RT TEIRETS, REWST AR A, )
T3 B 2H AL 50 mL AHARRE IR, 1EF 5% CO, I 37°C JFAH A MIRE 7%,
BERBBNIE T 3 RIGH, LSRR — R, & RN EEA s H . 440
IEE) 80% AN, FEEEEA, WHUEA CELBIN 1:2), ZJE e, 10, 4
SRS R 2-4 ARAEKARAS RAFHI4H.

2.2 SiCkip-1 BYy%E

KM Cy-3 Fric i siCkip-1, 4% M — 3 LI 2.1 B9 J7 v il & T i
TA-CS/siCkip-1 (Cy-3) K. BAFEE T 24 FLE TR, rBMMSC i i v 5 LA
2x10YFLIVE FE A TR FER T . WH 24 h FHR LRI/, PBS BEEMIREE 3-5
i, K 3 mine JIA 1 mL ) 4%2 S PEERE E ), [F € 15 min 5 A PBS ¥k 3-5
i, K 3 min. &EFLINA Hoechst 44k 300 uL, W8 5 %0 EW R, PBS %
AR 2-3 R BOGIL RN EE siCkip-1 4 EE G It RAER K .

2.3 FiE AR E4HAEISTE R E

P AR AR AR FER T, PT FE “Co AN E G, LMK M —
SEU 2.1.4 TR PT. TA. TA-CS. TA-CS/siNC. TA-CS/siCkip-1. ZHfig5s
I 07 TR 0 S0 2.1 A AR I ON 24 FLBRH, tBMMSCs 48 fif & 5
PL 2x 10%/FLR0 % B Beh TR FE R THT . 40RE 3% 1 R, 4 R 7 RJE, RA CCK-8 i
FEAS AN RIGFE TS B, J7iE W R, PBS S ElFE 3-5 WK, K 3 438 4 400 uL 41
FEEE IR 40 L CCK-8 AR A 5 I & ANRFEFLIN, A5 55 IR OB TR E 72 35
WL EPUHFEY 5 min, EEFRBARINIR A RS S, BT 37°C WA E. 2 h
JEICHER IR, L 100 pL G, A3 96 FULMRA, B EETHI E
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A 450 nm I FIROGEEAA

2.4 FiE Ik S E AL 1 RS ERBE SR 0K AU AR
SrAAEGL. ARG IR B RO IA RIS o 2.3, AR RS, FERERE

W SRR SR (F 10%MR2E M5 10 mM B-HIMBEEREN LA 0.1 uM Hi
FERFAF 0.2 mM 4EE R C 1M o-MEM SR BURFRED) B4, M —REH—
T FHFEEIR . 1597 7 RIGWEREEIRI, PBS 3k 3-5 &K, R 3 78h. 4%

RWIE R 2 40 15 min f5IEH] PBS GG, A BCIP/NBT Bt iR iR e & (4
PR SR M ARE R T ALP Rk 50 . BRI, tesiln
Bk A PR G I 2 L 2 . 6 mL

BCIP #(300X) 20 uL
NBT % (150X) 40 uL

BCIP/NBT 440 TAEW 6.06 mL
AL 500 pm KA, B 2 20 B R EGL AT, IMNE B TR 1k N,
e 3-5 Wa, iR TERRRE, AR N W g IR E R

2.5 FERRERIE 5B
SreANE G QRS TR Bebh KR SRR R 5 R A SR 2.4 SlPRERFREER,
BEES 14 RIEWERFRR, KibH7R. PBS 9k 3-5 #, K 3 708, A 4%
R F W ] e A I A . PBS VERUE S, A FH TSR C A1 1) 0.1% KR A 41/ R IR Y €3
IR IEREAT Gett: FEFLINA 500 puL G, =i FAF NROGSE 24 hjE, BT
KL B, ERE S IR T, AR W SR AR . & 2R 2R TR R 43
WAL sE B0 H 0.2 M USSR VAR 99% FRIELL 1« 1 IRARAR LU TR & e )
WRIEBEMEA, BFLIIN 500 pL. =¥ &4 TRR ARG Vel 5, K de i 5
AL (BESL 100 pL) AU 96 FUAG B 7060t EETHIE K 540 nm I RO AR

2.6 ThiEIAREAINERT LRI

SrAAEDL. ARG IR HePh K i R R B A S 2.4, dHREEIREER . AL
HHES 21 KJG, AR, PBS EVE 3-5 8, IR 3 08P, 4%2 R R w40
15 min, PBS FEBE. BEALIIA 500 uL BCHILF (1) 40 mM 1 #E R 4L, FiR#sjt
20 min JFEEFKLILRN, HEBTFKEZRERERFERRGA AN H L. =
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BT, B, ACEREE FWEIME. SRR &5
e AT Em AT BEA T SEESEME S AREAE 10 mM Bl PR AN A VR P TEE 1 R
WALSE R . LI 500 pL. =AM TREK EIRGEN 15min 5, B4
WA (BEFL 100 pul) IO 96 FLAR, N4 66 TR E H K 620 nm B 1Y) OD
8.

2.7 RGeS
TZEARE AR 38R H ) B bR i 2 (xsd) KT 20, Gt 0 A F SPSS 17.0 (SPSS,
USA)# A, GraphPad Prism 5 4G v A . %5 2H 2 6] 7% 5 LR one way ANOVA

A1 Student-Newman-Keuls post hoc tests £:%5,  p<0.05 EH G2 Lo
3 KWHER

31 HMAHBEMBELYR

LA Cy-3 %6kt 1 siCkip-1 1E 7R ERF, CS/siCkip-1 FAdifil)s, WOt LR E
ML 075 6 1) siCkip-1 ) Hoechst Dye ¥ 4 f4NAEAZ . ] 2.1 A LEH, 4%
61 siCkip-1 =3 2777 75 W Je i 240 A 1D J&) L, 3 2038 T AR N 4 A% P 358« siCeip- 1
(o3 A AR B 0 AT B AR — B, MG s 2 i g 7 B A PT WL/b & siCkip-1 143 i«

K 2.1 CS/siCkip-1 E-&Y#% rBMMSC 4iiffl 48 h J5, WOt B AERHEE . ()
Hoechst Dye Fric 4 fiR% (). (b) Cy-3 %% FRiCH siCkip-1 (Z0€8) 1 (¢)
AR A

3.2 Mg RE AT R
2.2 IR CCK-8 ARt 1. 4 I 7 RJG, &R ARG 5
fHol. Stai R UEH, W1 RE 7R, MEEMMEE RN E PR, FHRAFER
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[H 40 PG PR3 2 BT s . AL ZEBRARE, BV S, BRE SR 40 i 3G 5 /K ~F
B4 E . TA. TA-CS. TA-CS/siNC Fl TA-CS/siCkip-1 £ 5™ 8] 55 %% 28 7] 4H it

WK g R, HEEE T PT 4 (p<0.05).

TA-CS/siCkip-1

1.0+
TA-CS/siNC

0.8+

0.6

bl
e

!

07
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*
!

.
*

,
X

0.4 % *

O
A

o
20

s

.
,

*
!

Absorbance 450,y
%

+
X

1
*

0.2+

&
'

L
5

L

.
*

R

0.0~

& 2.2 CCK-8 ¥l rBMMSCs fE & 4IRFER R 1. 4 & 7 RG24 5E
EiE. "R®R5 PT AMHEZIT%ER (p<0.05)

3.3 ME AR AR I REEREE R A K T
BeEES 7RG, SHRFERE ALP RABHRWE 2.3 Fin. SARFEREL

A R B T R R . TA-CS/siCkip-1 AIMEIIRIE, ALP Rik/K e
FHAthZH . TA. TA-CS Fil TA-CS/siNC =4 ALP Xk EAHMIL, BAKT TA-CS/siCkip-1
4, ABA TR AR AT g hn .
e

P e T
L Ay R
B
';-‘-"'.:'.’L' e
. [
3 RETL St 1B
pak: P S B
= 'z - 'b‘ \, ]
o e ‘1;‘,'__‘&!-"./,‘
. r ‘--"..»5:.0-,.-
- e --"m-';'.-
4 4 ; DAl e,
¢ g % s ST
7 sy < I3 s T g |
.";-"' ;":-- - .";" -’-j‘-v- T - - ’”'- -..; p
AF TE - Sl v a7
"",—JJ% S Saa 5~ i -
. (" q_.v':. \r.___{ < = e
3 s >
Pl st il o™’ T2 i §i T
i bk s *y . ~. E
!:L.L"f",r“ i A r - o Tk
(s 2l P o) ;i .
o Y Ny - - ~ "
o Al S = s - - ~
L "o T ey 3 o %
o S P ot
= i = >
B 4 R BPy 7. 7
o l:»/"-. ’V‘L!."’.-l_,_,;“:
7 7 =
e L e
[ AP T o T =
s 20 NT - ’
’}' o, ;' - e
r- 9;.r ¢ iy -

K23 BEES 7S, rBMMSCs £ &4l RTRMBEN (ALP) A,
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3.5 MERRERIR S HEED
82 R R/ R AR R AL G AN BT 5 14 K5 R T 70l IR SRR AT et

Bl24 00, RIEGESS, SOHLE, AR AL 4EREE . ARYE R B T A
B, BSHRESWMERS ALP RiE—3. PT AR5/, TA-CS/siCkip-1 41
SYWRE IR EW S, T HADMH, TA. TA-CS 1 TA-CS/siNC M #3 2 [H .

g et R LA FI R3S, TA-CS/siCkip-1 2R /b fE J1208 PT 4110 2 %,

AEHB 15 EEA.

TA-CS/siCkip-1 TA-CS/siNC

Collagen secretion

&
#
0.5 @
*
B
§ 0.4+
g 0.3+ * x *
E
= 0.2+
=
£
= 014
0.0
‘\ﬁ'\ .\0 9‘3 ,“‘ Q&
O ° ¥
S
< ¥
P

K24 WREHES 14 KE, rBMMSCsTEXHARFERAAKIR W . FERAERE
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WEABRNRERER ), TEARESBHEESITER. *Rn5 PT ALLEAR
FZitEER (p<0.05); @5 TA AHUEAESII#ER (p<0.05); #&K5R5H TA-CS
HELBA FKitFER (p<0.05); & ¥R 5 TA-CYsINC HHEE S22 F (p<0.05)

3.6 MiEAREMMINERT KT
v IR LT LR R E T 21 K, AANE R e 45 . 18 2.5

AILVE N, S@gt)E, a1 R IR A e TR KL AR 8510 . R A
B EMGAE E maE BA—5, B PT. TA. TA-CS. TA-CS/siNC 41, TA-CS/siCkip-1
REUS S S Z IIIUANE R L. TA. TA-CS Fl TA-CS/siNC ZH40 4L B 1k 7K

SFREET PT 4L (p<0.05).

-
1.0+
(‘]
_ *
E (.84
a
3 % * * *
=
= 044
S
Zz
=< 0.29
0. 04
Q'\ t\C ,(f: & q"\
o o ¥
oF £
<Y
&

B 25 BEHS 21 Ka, SHARFERENHRIMERT KT EEARKEME

_42_
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HRMSHRAERET AT REE, TEAMRAIERT HRERIMTER. *
FnE PT HHEA Giih £ R (p<0.05); @5 TA HEEHA 4il24ZE 7 (p<0.05);
#R~ 5 TA-CSHMBRATFER (p<0.05); &FRE TA-CYsINC ALLERS
TH¥Z5% (p<0.05)

4 g

Zhang VWt R B, FIEL THREE siRNA, &3E BRI B AEMS 5 siCkip-1,
ARG, K3 RNAL 08, sEmipE . Ascid, A1 H
76 HE/ siCkip-1 (Cy-3) ¥ 5e4iM, 44T Hoechst Rt )m, {EHIHOCILRE RS
MERICIE DL AMEHEAT 48 h )5, 7T LUULER 3 B2 R L0 (7 siCkip-1 MG IR G4 ()
MMz L B @S S A A — 5 X5 30k CS/sIRNA #3517
At — 2%, X — 45 B 150 kDa, 95% it 5813 (058 SROB R wn S e PR Ak
PLAIE M N/P LLgs & T . CS/siCkip-1 S WIREWE I siCkip-1 UL Jeidt N4, X
NGBS RISC PR Ckip-ImRNA . SZHUIE K YTBRMONAE 2Rl . 764 J5 BT
Forp, PATE T X R BERMATIE, FEGEERAERES S, 7R PE/sIRNA
Fetb &7, SRS B I e RCR

R AR B =AM BTN, A aE . AURAMERR I . g st
JREOH . HIRTE RS AR R T (BRGS0, ARSsed, BATH CCK-8 2l
BB 1. 4. 7 RIS, K DU ARG TE A 1 B85 I IR0 A 2 8k -
Fia#. 5 PT MHE, BEVEESS, MBS RS, 52RBE & CS/siCkip-1
SEYMESE, A CREFE R G KT . FRATI A0 I 56 RE 32 21 T MoRLSE
AKME R AR AIER M. Gittens RA 255 MURLE 1 55 /K M 5 41 i 18 58 1) 2 & sk
(T Ay 3 N T v N T S e e X o N N 5
SMEFIE TR . Christina Kim 2500 MC3T3-E1 540 i 522 5T Bl 2 b PRI 1% 10 s 532
IKMERRLG R BN ARG 5 K B TR R . R TR VR AR AR S5
o EAEVRMNIE D, X EARr R, MR IR,
FERPT . [RIBE,  TA-CS/siCkip-1 2 THIH i M 4H A 38 FE 5 1 T il A 6 795 il 8] 3 4 [
i 4

oA S W BOR AN T R, AR E R ALP TSP A3 = AR A
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ALP 2 RUE A= L8, VEARCE I, ALP RIKKFAr &35 Bl 4 2
BIREE, VP S 40 S M fa B A AR U B o
GRS R SN KUY B A R AR T BRI AR T, 1 B Tt il
MR bR L, R FENARAMET RS, ARSI AR SRR, 2
IR I SR . R b IR S5 Y BOR I AR E BT 6N, B A2 R i 41 i
HEM IR . EARSIEH, A1 BCIP/NBT BB RREGAE & (0, RIRE
/AR e R 95 3R 2L e i E X ALP 3Rk, i JR 70 Wb S A A B ™ Ak e T3 5
SERRIHAMFE S, SXIRAMLE, TA-CS/siCkip-1 REREHIIE S ALP Rik.
G 53 Wh B A B A BE J A K7, 2 T tBMMSC [IRLE 731K«

5 45it

(1) siCkip-1 fEFCRMERAAME T, RROE AN EE S NI, A E 40 A% A
(2) 5 PT AL, Bl EE 5 AR R 1) rBMMSC 4H U stne /1 B & 5em. UL TA
NERMIS A (TA. TA-CS. TA-CS/siNC. TA-CS/siCkip-1) Fift A5 I H K4 1)
AN E VAR, A TS e I R R

(3) siCkip-1 FE4HM N K 4% RNA THUER, AHECARRZE, 3898 1 Be s f v
ALP &l RIS Mg 1, 2521 BBMMSC a7k

—44—
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#F =34 CS/siCkip-1 Zh fe Atk 7 San KK
FPALARE 45 6RO 89374

H RGBT B AN ERE R — BERERELET, SEds
M, —J7 R B S E ROR . RS, 7, R AR TR
REJRSS, SUMMEARIRS E MR DI . REFT Iy, MGl & R 12
W CERARMBAAAEBG) 5, REVSAE R MR AR OB RN, PR i g A 2k A
HEA A RERE. Ckip-1 ZEEERMFOAER T, DARACKIESE, KN R
Gith 4 5 B siCkip-1 AEUSHFFEUTER Ckip-1, 3R 77 A5 1B 8 AE BRgAA 644 R
HIERER A ER . fEASEIR T, AT siCkip-1 AEV) T REAL I FRRE AR & 6
FARBAAN, EH Micro-CT HFEHr. AL 74t (VG Geth). B -Fid ik 7t
16 EDX Zed3#t. AW kb skie) 770 4 siCkip-1 A N BeE ThRk.
NS TR B B S BIR A R YT /E R siRNA B T i R R TS, SEALRT 7Tk
AT K

1 w8k, A28

1.1 EEH AR

AN @1.56mm#12mm MaiEkbE (FILE E BB seft): %A —
2.1.4 I 712144 K] TA TA-CS. TA-CS/siNC. TA-CS/siCkip-1 FEA; 1% E L2 .
4%Z KW BIR, 102, TFHATER. SWRR-IRIEML (VG Rl CGEIY
FBE R E R EHRAD.

1.2 LIEZh4)

e F P H 8517 SPF e rE SD KRR 40 N CAREE 26 DU ZE B2 K22 sh W vh 4D,
TR E 210N 200-250 g, W AR FE
13 KL

FE R24: (KAVO, f#[E); micro-CT &4t ( Siemens Inveon CT, fH[E); fifizd
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HY)FHL (leica SP1600, E[E); JRERIGHL (AGS-10KNG, HA); FHHiH 75
B (S-4800, HA); X EMEE (leica M80, fHE[E)

2 LA E

21 KRB R EREE T
211 EHFKR

¥ 75 HKREENL N EAFARL (OVX, 65 1) FERF AL (SHAM, 10 HD,
TR K% M B Beah P o0 B % 10 K, &R, X OVX 2t DL
G TIBRA: IR 1% RE2 DL 40 mg/kg FIE GRS RS, PRI SRS 47 0 i ]
ST o MR K E TS, EHAMMEH — A — R 1.5 cm 1Y)
H, Bk, RS AER, BWE B OEN .. BERERE, EiR
T RV AT DL R 2T €5 O AN S I . b i AH Je A B S R AN AL B, e D)
BROPEL, FSNELEIL. BIRNIHSRRIRNIENE, BRI IEENERS, R s
Ho RFELERBEER =R, P&, SHAM Z{E 70, NIIERM OVX 414
R ARIT ALY, HARFARIVEME. EMETE, Elg.
2.1.2 VPHE BUER A BAR I L

KEEIFAFTRE=AHE, SHAMIER 8 X, W ERRZGEH LS. B,
FEMAE NN HS, BT 4% 2 BRPBPEEEA. BE=XK5, BHEAET
Micro-CT MLHHHT A5 A = e s . EHUSROSGEREA, (ROD B iz i+
fifivit, £33 2-D 1 3-D J7 [a] A4 4 g B, R I4RFR 0 (1) B #8753 4L (bone volume
fraction, BV/TV), EFRIEEFFIIEMHX (ROD FLEAFF, B/ NEFIRFFT 5
Horte; (2) H/NRJEE (trabecular thickness, Tb.Th), ROI i Bl P4 /INGE & B ()
MM, B8 mm; (3) H/NEEHE (trabecular number, Tb.N), ROI i Bl P4 &
HNEHH, A mm!; (4) F/NRER (trabecular spacing, Tb.Sp) ROI JE
RN TR IRTBR PR 5, B4y mm. 456 OVX J SHAM 21 8 @ G B /NS
SHMERESER, T B BB O

2.2 MEEBEAFAR
FARIWINGE =353 25 2.1 B FTREA KR FARLFEMAE 3.1 KRG,



$9FREXFMELF4HEK X

1%/ B2 L 40 mg/kg ARG . fill RIS, 2 TASERIE . R P IIIEE
R 1.5 em KRV, BB R, B NHS LR, EAERTTRANE.
R e e, AR 20N, FHEALE SR L 2000 rpm (R EAESCTTRER £y
A B A BB TT FPUE R A E A 12 mm,  FAR 1.56 mm RIMIE S . AR /KR bE
G, BARMEG, 2S5t BB EmETE, Migadisid. R
JRESRER = REER, HUDWERBRE LLRDL,  H AR,

B 31 MEEEAFAIEE. T 0B > 2E >& 5> HEA>%8)

2.3 TRH (4w, 12w) BEESHITH
2.3.1 HAEEH Micro-CT BB
ARG 12 8, FEbdEeEd 5 HORK, BRGSO MR 4%

R E . EE=K5, KiE AR, S Micro-CT RETHHM TR
Loitte dHUK] ROL XAAESRTE FONIE FHnm B AT 1 mm - 3 mm FFMEAATER],
kI E AR EMEAASRIRT 200 pm IAEXAE (A& 3.2), Sl FHiT 3 —4En =4k S
&, %t ROL XHFE T A B NES RS . (1D B 3F 0 (BV/TV);

() B/NREE (Tb.Th): (3D B/NEHE (TobN); (4 H/NEE (Tb.Sp).

1

2 .

B 3.2 Micro-CT 3#r7iiE i B pl i I BB BOGEBIX. (RO <K




$9FREXFMELF4HEK X

232 FAERERAR LGOI

PAEAR 4 R 12 A J5, BENLEEERA 5 R, dEMRALAIEHIH, B E
SRR ZE M BB TN BN ORAT, T T R 2k kS . A BB TN 4% 2 58 HH 1]
EWH, BEREA. BE=RE, BONEEAR, XREATER%, LKBREETmA S
FOREARIFR Sy 42 70% . 80% . 95%. 100%BREERE K. —HZKIEW] . BIER
BiE— R )E, KRR EEE . V), R e AR ) opL L
FEIR /K A T VA AT TRl 1) D7 ) ) HA T2 200 pm B8 635 ke 4 1) e 5 )
Fo ¥R BEARI Y B, mAKRE T E T B EERIEZ) 70 um. Y] 56"
vela, BETEEIGTE VG i 4t 15 min, mEBERENIK, —HIRKIEH, +
RGP ES P
233 HF-MEKFETRAMN

ARJE 12 F R =800 2.3.2 SERR TP V) A R R K A I E R 2 )R 2 4) 3 mm,
[l e FEH R B R AR o TR S S M AR SR R AR R, N
HUBE M RE R (0B X P81 (EDXD &40, BENLIEBOWSEILES A — 2% 25 8RB - P e i
FHHNZR, XX a2 B nR AT HERINE &0, WEHZ XA T & o R MK,
B LA AR .

234 FEEWHMAFNE GRHER)

PR 5 4 A Je 12 &, 3Rt SRBe Wl &g MO AR IS & 0 o 4 55 =88 7 Sk 88 2.3.2
ORAF TR S AT MR ) e B IR S L) H o — 08— W S A A )
FEIR R, R 1AK% 4 mm B K 58 85 0 BRI AN &) — S B Sk 200 Y B B
NERLERE E, TEMKIT AR AT . BUELFE, Kb AR Hem o [ i 75 75 s i B AL I
] 7 e B ) P, AL E,  BRORIKH BT TRl AR A KR e R e
P 1 mm/min, 1COMAE AR g TE] ) ) (E B S K4k 1 71 (Maximal pull-out
force), THHEAHMAIBIYI5EE (Ultimate shear strength ).

2.4 Fitorih

TZE R IR 352K FH S5 A 22 (xsdD T 2, Gvh27 0 i SPSS 17.0 (SPSS,
USA)YBA, #8422 18] % 55 LR A one way ANOVA Fl Student-Newman-Keuls post
hoc tests 1656, p<0.05 EAGiH5#E L.

3 LIGHER
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3.1 BREEE Y ThE T

FAFAR 12 )G, B Micro-CT $9# 2380 ST RN & T, /0T /NE
28, SRR 3.3 fion. HEEEE AN, SHAM B35 ERR, B/ NS, OvX
HERR RS, BN H A NEZ IFERE T, HPl5. EEathdis
HEKEGI SR —E, 5 SHAM ML, LB/ NESEH BV/TV. Tb.Th. Tb.N {HHLE
FPER(p<0.05), Tb.Sp 1N E 18 5(p<0.05), B BTSRRI L) o

A oVX SHAM

BV/TV (%)
*
TB.Th (mm)

8.09
7.04
6.04
5.04
4.04
3.0
2.04 0.1
1.0
0.0 0.0

TB.N [rnm"}
*

Th.Sp (mm)
=l

< &
- o

o~ 3
> =
- 3 o

N &

B33 (A) ZHEFRINMABREHA (OVX) SBEFARA (SHAM) BFimimT
BRI Micro-CT 4 K =#R#HEKZ . (B) £HH (OVX) S5EFERLA (SHAM)
FPARSE: BERSE BVITV)., B/DREE (Tb.Th). H/EHHE (Th.ND.
B /NERR (Th.Sp) FIEERSITER . KRS SHAM HHE it E R (p<0.05)
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32MicroCT M- BEREEEN

3.4 7R T Micro CT A H i L K. B A s — 4 G /T LUE
i, TA-CS/siCkip-1 ZH P AE A4 Jil [ ) 0 — Bl Bl 68 MO AR IR B, 2SR HI2) . TA.
TA-CS. TA-CS/siNC Mt A J& [ S 2 3B 8D, AR AR R R WA EZE, H
JBEARY)—., Z4EREMEE, TA. TA-CS. TA-CS/siNC EHH AL, G
SIMEARER WE BT, WrEEyEEifs. M TA-CS/siCkip-1 2R A FH & T2
BCEEIE, BOREE e it R EM SN FEARE E, TR -
PR B/ NRESHE BT 8 R 7R : TA-CS/siCkip-1 4 BV/TV. Tb.Th. Tb.N

==

B & T TA. TA-CS. TA-CS/siNC ZH, Tb.Sp M B FHAX T X =/*F 4,
TA-CS/siCkip-1 5XT R &/ NESHW E R B R IFEE XL (p<0.05).
A

TA-CS/siNC

TA-CS/siCkip-1

TR.Th (mm)

B34 (A MHEFAR 12AFEHBIGEX Micro-CT Z#&R=4EGHAMERE

B1g. (B) FABIMEBX N ENRESE: BERSE (BVITV). B/NEERE (Th.Th),

F/NREHE (Th.N). H/PNRERE (Tb.Sp) WEBSIER. *F x5 TA-CSsINC,
TA-CS. TA AMEEBESITEER (p<0.05)
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33VG LEMBIHEBFR

WP 3.5, FREAREETE ST RRR-TRIE A e R A v, R R, 4 F
i), SAHRFERTH B T REIED, TA. TA-CS. TA-CS/sINC 1Y RERE I L2/ NG
LA OYORFT B IR, B B A ESL, 5RO AL A A %% Hon] 0 R B
TA-CS/siCkip-1 WIn] WL78 &5 TR AR L UL, JEEZN 20 um. 12 JERY,
TA-CS/siCkip-1 5L HH TR, B 2E 4 A EEN, B SMEsEmmes, &
JEZ1°8 90 um. TA. TA-CS. TA-CS/siNC ZH%5 4 FERS, H TR iGN, RICHFHE

PRTE ZHESSH G IR, AR R BT BT TA-CS/siCkip-1 4.
4 weeks _ 12 weeks

100pm

K35 FETAR4EK 12 AJE TA. TA-CS. TA-CSsINC F1 TA-CS/siCkip-1 &4
FEARIHAEER VG RAaE.
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34 BF-#EAREITE EDX AWM TER

SIARJG 12 F R -FE R S oo = 6T EDX 8 H, SR 3.6 Fin.
PR S G ER LA Ti N E, EBEEMCER N FZELL Cy O E. IWFPHEAR 2B f i
MFHE, BAB-FRE A S I Ti GRS BIREMEK, 5 Ca. P GRS EMIAE I
Tt C K O BREEMERE LI, X —UEATERMEEE. MR EGElires,
HHHEET Cay PEREEMIE, L2821 oWHEERER WL, TA. TA-CS.
TA-CS/siNC 4L B 2 B E 418 20-35 um, £ CS-siCkip-1 410 B B4, £ 85 um.

— i

—

Elements percentage (%)
Elements percentage (%)

0
0 20 40 60 80 100 120 140 180
Distance (um)

Elements percentage (%)
Elements percentage (%)

. ~
0 20 40 60 80 100 120 140 160

A y
0 20 40 60 80 100 120 140 160
Distance (um) Distance (um}

& 36 MEFAR 12 5 &HE-FE AR A R LEOyE - ik S
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JLRK EDX BB (affiElk. b:¥ddE. cBilE), TEASHE-FHEERE
A ES TR E BN EESTE.

35 FERIRE HMELER

PR RTR tH T, R i - PR A SR i 45 B I I — PR I - B . e KAk
HH 73 BT T) 5 B o e W AR A LA S A SR 1 R AT FR AR, AR RSP S
Gy B R 1A] 1 A B AL T AR - AR I 256 7). R 1AL, M4 3 12 s
A, fOR3R H 7RI 5 R 35 B A B 1) PR K T AN T 389 K . TA-CS/siCkip-1 ok
i 7] (Maximal pull-out force) FIBIY)5EE (Ultimate shear strength) 7E 4 & Fl 12
FEW AN A] S B E T TA. TA-CS. TA-CS/sINC 4 ("p<0.05), H{HZ NHA4H
(1) 1.5 f5 it
R1 MHEARE4BK 12 AFAMEENERKEE S (N FBIERE (N/mm®)

4 weeks 12 weeks
Treatment X ) - -
Maximal Ultimate shear Maximal Ultimate shear
Pull-out force (N)  Strength (N/mm®)  Pull-out force (N) Strength (N/mm?)

TA-CS/siCkip-1 46.67+4.01° 1.09+0.12" 93.05+8.85" 2.17+0.20"

TA-CS/siNC 33.90+3.96 0.79+0.07 56.30+5.01 1.31+0.11

TA-CS 32.07+3.15 0.75+0.07 54.03+5.55 1.26+0.12

TA 29.374+2.63 0.68+0.06 48.53+4.17 1.13+0.09

"p<0.05

4 Vg

Lu Z%1%} Ckip-1 5208 19 FHUEIHE T 440 Fr, N Ckip-1-Smurfl AH
8 F AT AR A AT $E A, BB 708 008 i TR B RARE [9Y5 T - Zhang 25U siCkip-1
B I B M S 4 B S T R R R R P, AR N, OO A R 1 B R
e, UESH A G BT AL 1) A (R R F o AT BB IRK CS/siCkip-1 T
BEAL IR RAR RN TR BAA KRR Y, PP B S5 G50, WIPIRTT siCkip-1 RETS
TE L JE BBl R 3 R A A

B -PEAR B A PR QS 2 AR 2 M7 . 5 T TH B dE R 5l B2 45K
RS, CT ERREMEE . AWM . WOy T SR Yt S
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Hgs k. AL, EDX %%, Micro-CT REMSTE IR AR ARSI T,
SHARASHEAT 407 o = 425 1A 0, 8 = 4 B @ BT RR SR L gE . R RE -
FI G T R A e PR OB IX, 58 B A AT IBOGER B RO S5 M 24, =2 i LA
EEA I — R R 7R, A 42 et B o i e R R A2 SN, A AR 65
AR T B AU BT F R H ARG G H R (. Goldner =
ik, EIRIRERVE M LT (VG) Yol 5 Rkl fA () 45 & 3 B o i R (K R 1 5
KIS+ o> B2, MR B Z5 & BN ) 2 DI BRS04 SEge 4, Xt
T AR TR P AL 3 BT B i SR FH e S

TEARTI T, BATSH DA SCIRIE R BOSIR XY, B Micro-CT &R
THIFI = 4E G, WLEEE) CS/siCkip-1 4L AR IK BT B Bl St ik B B, HE 8K, 4544
W, EEOWEIMEBX A BV/TV. Tb.Th. Tb.N. Tb.Sp PU/ME/NESH ] I,
TA-CS/siCkip-1 41 BV/TV. Tb.Th. Tb.N 07 &5 T HAGEA, Tb.Sp B ZAL T H
CH . VG e SR AR R R R, R I BT B TR R K N TR T
TA-CS/siCkip-1 £H 3 I HH f5¢ = (1 )5 55 RO St o S i P A S T 76 233847 EDX 43477,
FHMREAATE B E RS Ca P iR SRR EJTH Ca/P LLEAMRFIZ N 2:1, X
—HFIRIT 5 EH AL, H TA-CS/siCkip-1 8 2 EEW S T H AR R .
P A Z BH & Y B A 5 1 RE i, I I (R AR, B I T S K %
A KR AN B SR 38 2 E TS, B TA-CS/siCkip-1 ZHAE %N ) s 4k
N EE ST HRA. 250 B4R, AT, siCkip-1 INE-S5 M A& & A A A4
WG, REBSTE SRR, S NFIEAA R A, RIESERVUERIER, (it Rtk 1
24,

EDX X i - P AR FLIEEAT 200 B, TR R 2% 4 S AR R T . 7E
PR SR TS Ror I 21 52 BB ) F B U R 2 — BUCRINAEAE, W R O &4
B FoIRNEAR S BAT AR AT B, Al 32 32 3 5 T . £ AL 55 IR 3R 1 5
mal O, VR BRI AR, SERBECEAR N AR sIRNA B, WAES siRNA
MIRRE A . Bk, EA R, TREEFEEEIIE, TRk A o
RN ST E I SIRNA BB IE AR, TR T A HLAR A BEANE TR, A HO4R 5 siRNA
Ty e A o R A PRI 58 RS

I
op
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5 &t

(1) XTHEPE SD R BUMEAT WU IR SEIBR AR, AR JG=ANH 58 BT AL AR .

(2) CS/siCkip-1 THREA IR HE A BEMS 7EB BB AA 2618 T K 4% RNA FHU/EH], it
B ST B A BT R A A T
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N5

AHFFAF LR RNA FIREAR SR AR IR BAH LS &, BT g
CS/siCkip-1 & 1 (17 Th B A6 Bl A o 6 12 B A 0k 3R 10 MR JE47 20 BT, LSRR THI
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