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FOBE B R RT-qPCR 4551 R M F 25 U6t BRAL R [ 4 1 109%3K 1 v fil 34 8 F 8 1 CILP /Y%
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[Abstract] Objectives: To investigate the mechanic—mediated regulation of cartilage intermediate layer protein
(CILP) by tensile loading and the mechanism underlying the process. Methods: Nucleus pulposus(NP) tissues
were collected from a patient who was 38 years old and undergoing a 14/5 minimally invasive transforaminal
lumbar interbody fusion(Mis—TLIF) for traumatic fracture in Xinqiao Hospital in June 2016. MRI prior to the
operation showed the degeneration of the intervertebral disc was graded at Pfirrmann II. NP cells were iso-
lated and cultured, cells(passage=3) were prepared for subsequent mechanic-related experiments. By using
Flexcell 5000 system, cyclic tensile stimuli(CTS) of various strength(5%, 10%, 20%) at 1.0HZ were delivered
to the silicone membranes within the Bioflex culture plates and NP cells adhered to the membranes via com-

puter—controlled negative pressure for different durations(6h, 12h, 24h, 48h), the group without any treatment

E—ERE A5 (1987-) , BB W+ 7E 33, BF 5 T7 1) FES R
HLT5 . (023)68774328  E—mail : 18723476966@163.com
WIRAEH W5 E—mail :bravepan@163.com



170

o[ R 2L R 2017 AR5 27 55 2 1)

was regarded as blank contrrol. RT-qPCR was used to analyze the gene expression of CILP in groups. Lastly,
the strength and duration were chosen in which CTS displayed its maximal effect as the stimulus condition,
and the gene level of CILP was detected with or without the pre—treatment of special inhibitor(SIS3) to con-
firm whether the smad siganling pathway mediated the up-regulation of CILP by CTS.
Results:

Statistical comparisons
RT-qPCR showed that in all
groups treated with 10% CTS, the CILP gene expression was significantly suppressed compared with blank
control group(P<0.05) while reached the bottom at 48h group(P<0.05). In groups treated with CTS for 48h, 5%
while 10% CTS
significantly down-regulated CILP expression (P<0.05), but 20% CTS markedly increased CILP expression (P<
0.05), in contrary with the effect by 10% CTS. In addition, compared with the control, 20% CTS led to an
increased phosphorylation of smad3. Further, when the smad3 phosphorylation was inhibited by SIS3, the in-

were performed by using a one—way ANOVA test and student ¢ test.

CTS exerted an insignificant effect on CILP expression compared with the control (P>0.05),

crease of CILP expression by 20% CTS was significantly suppressed (P<0.05). Conclusions: Tension loading
can regulate CILP expression of NP cells, which is relied on the duration and strength. Further, smad signal-
ing pathway mediates the up-regulation of CILP expression by excessive tensional loading.

[Key words] Nucleus pulposus cells; Cartilage intermediate layer protein; Cyclic tensile stretch; Smad path-
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AR, e R, 2R A A S ARk ok
SUALEE 1 EAEN] 8 H A R MR A R R
H——%CH 2 8] 8 1 (cartilage intermediate layer
protein , CILP) 24, 753 JLAE B9 AF 58 & B CILP 19
S T 2 5 ] 98 A IR R A AR A QIR M,
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DMEM/F12 #% #% 3 (Hyclone), B % 11 il
(Solaibo) , % N 4 1L 7 (Gibeo) , 51 ¥ ( L1 A=
T.),PCR &5 £ (Quickgen) , CILP /& (Abcam) ,
smad3 HL A& DL B R Ak T 1R (Abcam) , 77 2% i 4%
A E (Flexercell) ,RT—PCR {¥ the ViiA7 Real -
Time PCR System(Applied Biosystems)%%

1.2 A% 20 Y 0 8 1 5%

BEHL 2016 47 6 F £E 3 B N 81 4 1 5 4 47
LA/S HE 18] 25470 B B AH AR AME AR Bl &5 F R B0 1 91 38
2 3 1 A R B AZ L SUVE S 41 ROR IR, R MR
FNIZTT BOHE ) 4 212 K Pfivrmann 502 1 2%,
A ERAS BEA% 2H 21 57 B B T o AR B AR K
4h WH R R T IHE GG PR E TR R
M, FE ™4 TC T 2 A A0 53 23 W IS R A 1Y
BEA% 22K 93, JC W R 2% vl R %5 M) (phosphate
buffered sal,PBS)Jx & it 3~5 K EHE M 41 2L
IR 5335 ok T 1 . TG TR IR ) B B A% 41 2057 A
AIEHOIR, A 3~5ml 1 5 2 1, 37 CHE IR AR N
P, U H TR G T I T B A PR TR
W bRy B IO B0 A, LA 1200 #/min
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BD Smin, & B, LA 3~5ml AU 109% 45 9 i 4
L35 B 55 7% 3 DMEM/F12 nh & J5 5 #% 2 Jo 3 K
FRIL, 7E 5%CO, i 1E B4R 55 5%, 72h J5 05
FTOULEE S 20 B I BE 5 A7 28 — WA, A SR 2
fl B AT 80% 2 At H 1:2 f2 1%,
1.3 skt

T 41 i fl A B 35 3] 80% Y 41 S 45 5% i PN in
A 1~2ml BB B, 37°C F & 1~2min, TG
B R AT, R G T D40 it 2 R 7
TIHALW S , A SF 5% 1% ) DMEN/F12 35 5%
FLA AR, 1200 ¥4 /min &0 Smin, & FiE, LIS
HINEA 10%5F 96 4 M5 1 DMEM/F12 wh2
o 200 e 3 SR B 5x10%ml, AR5 5 20 B T 5 7%
Z I 1Y Bioflex LA (ZAALMIEZE w4 1
T J5 2 4t | v e [ W RE IS i 2B L) o E 5%
CO, 11 LR P 3 (i 200 i RS W B L Yk HOBE oS
LA E A T M3k B Flexcell 5000 system, %
G0 ) S DA oy B3 7 A 1 7 sl e
RETGAE, @ TR R G SRR R )
kel AR SR AR AR AR B, R O 28 I RE AR K Y
2 32 206 2 1 5K 3 A B E Il Cyclic tensile
stretch (CTS) . MZ 124250k 0-Fl i% 2 (H 1Y
SASEIR  AEFEPIE AN 1Hz, B 5, S o)
KA AL, 5 A TR TR K 10% 5K T 1 Jin 2k
(6h,12h 24h 48h) , 75 (4 Xt 41 A 45 AT Al 4038,
BT SR AR R ARG SR A g s S R
IS A 1% 0 W B B 1 0 5%, $2 30 RNA T
RT-qPCR, #R J5 FidG S0 43 3 A4, 14
25 T AR 1B K (48h) A 5K 7 iR, AR ) 2 i B A
i) (5% . 10% 20%) , 25 [ %% B8 20 AR 45 AT Al 35k,
IR 25 A S RIS A 1% 16 Tl TR g 4 1 )
$2 B RNA F T RT-qPCR.
1.4  smad3 F5 5P 770 /9 48 A

W b5 255 3 AR A4 B A 400 ol P ke 2K, 1 i
b, TR WA 4 5T I A A TE B 7S FLpl b it i
JEREHL G WAL, H Hoh — A W s T
smad3 [ 5E 2 PEAN 5] SIS3(10UM) 4h 2 6h J& &
F I IR s Tk SR (20% 115K T i 2k
48h) , B 24h T JI—YCAH [R] 550 45t 4 40 R0 AR R 52
B2l s — 425 T A TR g 27 Ab B (20% 1 5K 1 m 2%
48h) , (H AN 25 T smad3 41 1 77 9 4b B, £ by X 18
Y IR S ST RV S 1% 1 i 15 il 410 1
I (R 4, BRI 1A RNA T 88 1 B S 56

F1 RT-qPCR,
1.5 RNA B2 HH RT-qPCR

8 F RNA $£HU & (Qiagen, Valencia,CA) 2
B2 M (%) 5 RNA i FH 33 % 53¢ & (Qiagen, Valen-
cia,CA)H5 RNA 305 58 3R 4R NDA (¢cDNA) . 1it
Tg 19 eDNA , {ff H 2 57 & (QIAGEN) 72X 2%
ViiA7 Real-Time PCR % % (Applied Biosys-
tems )V EATRE B AN HIT ., LA HE T T -3 1R i
(glyceraldehyde —3 —phosphate dehydrogenase,
GAPDH)/E NN Z 5IM P51 F L\ CILP: 19,
AGCGGTGTACGGAAACTCG; T iif ,GGAGGTG-
GTAATTGCAGGGAACA, A GAPDH. L ¥ ,
CCAGCAAGAGCACAAGAGGAAGAG; ' i ,
GGTCTACATGGCAACTGTGAGGAG,RT-qPCR &
N2 BR :95°C 208 I B ;95°C 55,60°C 34s, H K
40 MIE , 25 R LA CT HFER VR ZR A 20l ,
HA G Yk ¥ 1.4M,cDNA £ 1pg, RHA=E LK
e G o [ B 2 e 7 N E N S E R E RO S
K,
1.6 smad3 A9 IR 1b 4G I

SR IR H ENE S A I, KR IR A 3 AR
T A 200 M A P T 2 U T L, TR RS W A X A0
AP TR 7S AL AR P 6, I BEAIL 9 S >4, —
LT 20% B9 A P 5K 1 R 48h 1D LR 4
T — WA G AR, BT AR SR AT A
gy HRAH. T T B T e W v B 77 Al N A TH 8 93
JCTE PBS WRIE e P U 20 B I, WS AR AR, %
AL 80wl AR A T 19% W 12 il 190 11 790 £ 200 i
S f# W Radio Immunoprecipitation Assay (RIPA)
(Sigma) , 2 i 1) 78 7 1) JBCZ0 M 1A, IC TR A% R A T
U2 e 2 B R T 1 1.5ml BB N, UK
L 30min TR0 24 . L 12000 #%/min 7E 4°C
B0 30min, B Fi, ZUTIE . Bicinchoninic acid
(BCA )58 FE MW E 2 10ng/pl, FiL & 8% 7
R 0 BRAREASUGE 204l i A B R R, 100V
fH 2 W Yk 90min, KR W IR & M
(polyvinylidene fluoride, PVDF) 7 Jo /K H figt v
I 108, 155 LUK 45 o 0 A ™ 3 W B AR
AL L 0.2mA R E L LA 2h, RS
W5 K PVDF 2541 5% (9 BB Wk 514 1h,
A 5% 4 BN 05 0 8 B /1 1:1000 (49 CILP $T4A T
YEWE, ¥ PVDF Zi iR IAE— P TAEM  ,4°C
& N, W H LL Tris Buffered Saline with
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Tween (TBST) ¥ 3% ¥t 5 ¥, B YK Smin, 32 7E 1:
5000 —PUHe B, 37°CE IR AR i 1h, TBST
THPE 5 W, BIR Smin, KB HHHI T A WS
B & (millipore ) #% B8 1:1 AL il fb 24 K& e, I35
T INAE PVDF B 28 (T, K LB TR
(image quant las 4000)#F17 BG40 MR W% H
B F5 p—smad3 185 2 1k 17 0 (W52 H bR 20 10
0, TR 6 D i L3R /KO IR L8R S DA TRIRE 11
TIER M5y WA, —H B4 T smad3 ()
R S PR IR SIS3 S5 BT 2R ke B 45 Tk
FIRN B A R I A  — A4S T AR A S Ak
fHANZE T smad3 $0H 570 F0 Ak 1, AR S X REAH, 45
WG LA R 0 J7 5 20 R 4 B 110 7 smad3 8%
MR
1.7 Sit2Eomr
ALY EE 3%, A SPSS 18.0 #1748
TR T, e 85 R LT 4 85 1fE 22 (Mean+SD)
Fon . CILP A9 AH XF 25 X 3R Gk iy 1 F 53 2 H RT-
qPCR 253 iz 3L R B CT k2% 2 CT {8, 1E
Sk 2 BFE BRSO R AL AH PR AR B A A5 B, A
ST L5 B2 A LA AL ) B X ¢ KR, 3 4l
B 3 LA LS 25 F i b il S P 2y 220 B
PEAFULIE] L3, P<0.05 NA G 2¢#E R,

2 #R
21 AFBF K 10% 5K 77 1% 5 305 #E 2% 240
CILP 1y PR X R 3k

I 55 40 6 2% 41 M AE 32 2R R B B 10% 5K
JIRIBES CILP 1 PR 6 35 A X, 6h 210 0.56+
0.11,12h #H°4 0.52+0.10,24h 414 0.35+0.08 ,48h
2049 0.18+0.08, 5 %F B (1.02+0.15) Fb Ak, S5
K A BERZ AN CILP 9 AH X 36 3k 2 35 B 25 PR AR,
AT Gi 2425 5 (P<0.05) , H A 48h 4131k 3] Ik
(P<0.05).,
2.2 N[5 BE Y 5K 7 MR 0 48h S R A% 4H
CILP 1Y PR X 3k

5% 5K 7 il 48h J5 BEAZ A1) CILP A
AXT F k1R 0.95+0.10, FXF T4 (1.01+
0.18) JCHA {2 28 4k (P>0.05) ; 10% 1 ik 1 %l 38 48h
Ji CILP J& A X F ik &84 0.21£0.12, HE T X
MRZH B % TR (P<0.05);20%1 5K J1 il i 48h J&
CILP (% 5L P AH X 3k 50 4.7+0.5, 5 % B ZH A
Fb W25 1 v (P<0.05)

2.3 ER IR ST smad3 B R Ak KA
smad3 BERR Tk T CILP (44 X 3k P 55 35

20%5K 1 B BEAZ 40 M 48h & smad3 BEIR Tk
FREEAN A 1, 8 BRI 52 g0 45 R i | AH AR T R
21, SEERAH 1Y smad3 B R A0 AR B I g b s &
smad3 14l 77 SIS3 5 4b BH 5 F- 8 T A1 ) 1 2% 4%
PFF BER AN M A smad3 BEFRRALFEEE NI 2, &
B335 512 56 2% TR W 7 AH 48 T % BB 41, smad3 18 5 2
fEFE R B IRAE . RT-qPCR 455 s, R4 ik
77 3500 3 i X BE 4 CILP 3 AR X 36 ik i h 3.9+
0.8, Ztik SIS3 Tl kb 3 F- 25 3~ AH W) 5K g 8 ik ) 52
WAL CILP 3 AT 6 15 1R 0.80.08 , AHXT F
X HR2H I 35 AR (P<0.05) .

3 itie

HE T 2518 72 it 5 | M f] 255 9 1) 2 2 LA
5 | LTS R 1) F B N =z — . HATIA A
HE ] 5% IR AR 22 R LR R 4R, AR
SRR R N TR 8 R i A | I 58
SN, CILP AF S 78 3R P 21 U4 S 2 M ) 48 8 A%
AP R R IRE SRR B HE ]
AR )| IEETITEL = s PSR 0 PN PR P i
P15 A ] AR A AR R DA G 7 H AR SF 22
NHE T, CILP — > 5 PR A3 o 0 98748 48 15 A (] 3 8
Y 0 FAFAEOCTR POy 2 R R R A
1184 fi i /) T—C 22722 1] LU 20 CILP &5 & e fk
£ K A -B (transforming  grow factor—@,TGF-R)
FHE 1 3G SR B DTN 55 TGF-B X 4% 40 il i i
I3 WA IO 3 AR A% 200 i Y S 0 WA RE ) o AE 3
Py i, Mgk CILP (9 e JE /D [, MRT A
A IIZ /N B HE 18] 28 ZH SURH 6 T 1 /) B AE 1]
0L IR B AR SR T SRR IZ
4 i IR AT A A E] SR S AR S, el
AETE A 5] AR 8 vh e P R, ER A D i
HEREWEZS 5T, XTIZER HETm
FERLA M b T a5 A B, VA AE RN T BB K
A (bone morphogenetic protein, BMP)-2 L)
Fo TGF-B A T 8 1 1 E 8 200 i 4™, (H7E
AR AR MEE] £ H T A2 B B A0 M S o B0
D, A AP R RS R A R, 4% 26 A KPR
THEAZ A0 2R3k CILP 1Y 45 8500 38 T 22 34— 25
BEFE, ANEH AR DY 3 3 4 2 U e B CILP 73R
ARHER AR Ik IR AR R AT 4 A )
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Bl 1 20%m 5K I3 503 48h J5 B6 4% 20 i smad3 BEFR ALV B0 (6 BRZLAS 25 7 5K 3 M 03, 92 30 20 25 77 20% 114 5K 1 40 9
48h. p-smad3, A B L1 smad3; T-smad3, } & smad3;B-actin NS ) 2 3% SIS3 A #S 6% 41 AY smad3
PSR AL AR B (32 ) 2 IO 152 SIS3 TUAL 3 AV Sy f BRAHL | Je 4357 SIS3 TlAh 3 P42 32 7 2 il 8 i 1 S s 4 4
SIS3 2y smad3 B2 fb 14 45 S5 M 400 1 5% )
Figure 1 Western blot showed the smad3 phosphorylation while NP cells were stimulated with 20% CTS for 48h; The

p-amad
T-smad

—d4X KDa

group without CTS was as control. P—smad3 is behave of the phosphorylated form of smad3; T-smad3 corresponds to the
total smad3. P-actin was as control Figure 2 Western blot showed the smad3 phosphorylation of groups treated with
or without SIS3. The group treated with 20% CTS but without SIS3 served as control; The group treated with SIS3 and
20% CTS served as experimental group. SIS3 is a specific inhibitor to the phosphorylation of smad3; P-actin served as

control

DA S B A% 40 1 25 38 CILP , AT £ 26 A 8] 48R
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T35 RKAT R P 45 0% R 1 R A ) R A A
Moz AR IR AR BE R L 2L 0 = Rk kB — 14
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Y BE R 3Rk SR W R AR A 3, IR 48h 35 3 F Ak
S, BRORAE 5K ) PERNON T CILP ik 3%
S A AR AR 5K gk B 209 Fir A
J& CILP (335 B B 0 L8, 5 R 3 A4 B vk
ik 7 AR /D IR ) 209% 1 Fr A OAR I 5T 45
B BH AR B BB P 18 g 2 0 48R ) S ol pe 2 mT
fig EZEXT CILP i 2R a5 & M0l MAE A, it ax A 41
il £ AR AT BE & CILP 78 IE # A 18 A% 1) 1 4% 41 21
o Rk AN B R R 22—, (AR S
ML —E W RAE, % CILP 23k 542 g5k 8 I )
XTI E T, NI S 30T CILP Rk
W) L, 256 BEA ST CILP & &k vl {2 #f IDD



174 o[ R 2L R 2017 AR5 27 55 2 1)

Chinese Journal of Spine and Spinal Cord,2017,Vol.27 ,No.2

(A5, FRATT AT o 45 S 48 o 3B A8 6 % 41 41
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smad3 >k i CILP BY3RIE 7, 285 £ [ SCHk
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T RRLE, H W56 45 T 4% 51 smad3 @ R 16 10 61
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AHIE 5 X T 5K 7 ) R A AN R Gk
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CILP 7E{AR N 9 2 35 B AL 1 58 56 F LA CILP it
SR BRI &, AR R I — 5 A
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