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[ Abstract)
nucleus pulposus cells(HNPCs). Methods: HNPCs were cultured in vitro and identified via the toluidine blue,

Objectives: To investigate the effects of cyclic distraction stress on the proliferation of human

safranin O and immunocytochemical stain of collagen Il . P3 HNPCs were inoculated on elasticity polymer.
After HNPCs were attached, BioDynamic test instrument was used to exert different distraction strain(0, 5%,
10%, and 15%) on HNPCs for 3 hours; after that, HNPCs were cultured for 24 hours, and the flow cytometry
was used to examine the cell cycle and calculate the S phase fraction and proliferative index. Results: The
cell adhesion and growth were well under different strain for 3h; S phase fraction in 0, 5%, 10% and 15%
2.07+0.09, 7.56+1.40 and 7.55+3.25 respectively.

groups was 3.47+2.52, 7.88+2.45, 16.05+1.51 and 14.7+0.61 respectively. Compared with O strain group, pro-

strain groups was 1.86+1.22, Proliferative index in these

liferative index in 5% strain group increased significantly(P<0.05). Compared with O and 5% strain group, S
but S

phase fraction and proliferative index showed no significant difference between 10% and 15% strain groups(P>

phase fraction and proliferative index in 10% and 15% strain groups increased significantly (P<0.05);

0.05). Conclusions: The proliferation of HNPCs increases under some stress.
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Figure 1 HE staining of intervertebral disc (x100) showed that the lack of demarcation and the presence of slits and

cell clusters between the annulus fibrosus and nucleus pulposus in the degenerate intervertebral discs Figure 2 The

diagram of BioDynamic cell stress loading system included the bioreactor, storage tanks, etc Figure 3 The elasticity

polymer combined with HNPCs was placed in the BioDynamic bioreactor to load stress (Bose company)

Figure 4 The

inoculated cells began to adherent after 24 hours(x100) Figure 5 The inoculated cells had lots of cell clones after 15

days(x100) Figure 6 The Rui's Giemsa staining of nucleus pulposus cells: The nucleus pulposus cells were polygonal

or short spindle.
stained(x200)

The reddish purple nuclears located in the cytoplasm were round or oval.

The cytoplasm was light
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Figure 7 The toluidine blue staining of nucleus pulposus cells:

stained. Those indicated that the cells could secrete glycosaminoglycan (x200)

nucleus pulposus cells:

proteoglycan. (x200)

indicated that the cells could secrete and synthesis collagen II (x200)

combined with elasticity polymer growth adhesion and extend were very good before stress (x100)

was no significant difference

pulposus cells before stress(x100)

The red-stained cells were round or short spindle.

Figure 9 The collagen I staining of nucleus pulposus cells:
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The nuclears were blue. The cell matrix was light
Figure 8 The safranin O staining of
This indicated that the cells could secrete
The cytoplasm was brown. This
Figure 10 The nucleus pulposus cells
Figure 11 There

in the morphology between the nucleus pulposus cells after stress and the nucleus
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Table 1 The effects of different cyclic mechanical strain

on the proliferation of human nucleus pulposus cells

S A8 SWIF 73 It HIT B B
Strain (S phase fraction) (Proliferative index)
0 1.86+1.22 3.47+2.52
5% 2.07+0.09 7.88+2.457
10% 7.56+1.40%2 16.05+1.5172
15% 7.55+3.250% 14.7+0.6102

D5 0 B4 H B P<0.05;Q)5 5% 28 41 H 4 P<0.05
Note: @Compared with O strain, P<0.05; @Compared with 5%
strain, P<0.05

B T 280 JE A S 56 FH 1 2 A B A L 8, i vp
20 0 A S 2 A ML S BT B 7 R R 4 R
R Y B R A R SE TR IR, B4l
JHLRT DA WA M Jie 224 5 T 21— 0 Y £t /s 41 i e
BLAT A0, [ 50 M, 1 B 40 A mT DL Ar I B 1 &2
s 1760 e T G 2 A0 2 e 0 8 s 00 i 4
SR B0 U A L 0 A B T TR i A B A
FAREC, FARRZ Y 5% 26, A R ks
O, WA SE G i 55 35 Ok 108 200 A B A B R
2

HEM] SR S2 Ak 9K B B & & 6 H
ARG AT B S R A ZH 4 O HE ] 4 Y
I A R AR A H 3 5% 2 BRI B B 35
O Sy AR AF R 3 far AR PR R R PR
R EEE I, T 5| R T 4 I 0 KT 25 2 Bk Bk
P iNE S g S G AR IR S S LS TR E N
HER S 57 shHE MR EB s, B 6 far i
] A AR AR O Ak R 6T AR 2R R
A AN i 5 A A EEAEH . Sowa SFIE B
A TR 0 AT 52 I A AR -2 R T G e A -3
4 JE R AL UM 7 -1, Gruber S5121% HLAL
M. 1 T AR S Periostin 25 H & W, Gilbert 55194
BN EUE et QRN B-A S 3 BN | i)
FHE 3T 4 & AR -3 .9 13 R Gl i A bF
YR, A BEK O 0 g AT A 1 35 5 A g1 g 3k
3 N7 3 O 2 400 ) S5 ol R o 95 o I i 11
Az 0ol B] 45 P T 32 R I AE 0.1~2.5MPa 2 [i1] 48
b, A= B KF- 1 7 AT A M ] 285 20 205K 2] 25% 1 1
AR 2 A8 A 2SI o A7 B A A 0 AR T AN

L 308 A1 32 3 /N FH AN A R R AL )
EE A EE, 10000 f0 AR HH S F 1%L A K
AR S50 PL/N T 209% A5 [R) g A% X4 5f Xt 6 42 40
W4T J2E I

S W12 4 A 4> 241 AR, 7 L A ] 200 B
DNA & & & flmin s, W EoRBELL T S
I G2M 90 4t it = 0 oy 4 AR AR LB T
T A L ) 386 B R B AR S B A5 SR O, 5 R IR
AL, 5% %F S 1 E 43 b G B S 52 e {EL v 56 4% 40
it 8 5 RO N, T 109% F1 159 )3 A% ¥4 7] fi B A%
YA S WA o L ARG BE R FO 0, (E R 4 [R) b A
Tgeit2 255, B FRATAT LUE 0 ) X A% 4
Ji 38 58 A — E SR, 3 . 109%~15% R A8 X&) if
2 B A% 4 394 B S ) 1 ) S PRl

IDD J&— 18 M & e K A7 78 i Bk S
AR S5 AR P A 5K N 0 /R FH T IR SR 3 1 B A%
Yy R T T ARG, UESE TR — e R R
PEAE 5K B AT DA U BEAZ AN 3G 5, R e S o
FG R B FH AR AL T — e Ak 5 (HAS I 5% R —
N7 7 R ) A AR Y | 220 T R R 28 Y A A S R
Be (IRAR et ) % Hep 52 |, AN REAS 58 10 R IR
AR BRER B A e AR fad L DG F R A 5K
N7 3 ] 5w A [ 2538 A5 A ML ERAAR T R AT IR
MR

4 SEXLH

1. Fekete TF, Porchet F. Overview of disc arthroplasty—past,
present and future[J]. Acta Neurochir, 2010, 152(3): 393-404.

2. Freimark D, Czermak P. Cell-based regeneration of interverte-
bral disc defects: review and concepts[J]. Int J Artif Organs,
2009, 32(4): 197-203.

3. Zhang YH, Zhao CQ, Jiang LS, et al. Substrate stiffness
regulates apoptosis and the mRNA expression of extracellular
matrix regulatory genes in the rat annular cells[]]. Matrix Bi-
ol. 2011, 30(2): 135-144.

4. Hamilton DJ, Pilliar RM, Waldman S, et al. Effect of circum-
ferential constraint on nucleus pulposus tissue in vitro [J].
Spine, 2010, 10(2): 174-183.

5. Gilbert HT, Hoyland JA, Freemont AJ, et al. The involve-
ment of interleukin—1 and interleukin—4 in the response of
human annulus fibrosus cells to cyclic tensile strain: an al-
tered mechanotransduction pathway with degeneration [J].
Arthritis Res Ther, 2011, 13(1): R8.

6. Sive JI, Baird P, Jeziorsk M, et al. Expression of chondrocyte
markers by cells of normal and degenerate intervertebral discs

[7]. Mol Pathol, 2002, 55(2): 91-97.



650 o[ 2L R 2012 4EES 22 55 7 1)

Chinese Journal of Spine and Spinal Cord,2012,Vo0l.22 ,No.7

7. O'Connell GD, Johannessen W, Vresilovic EJ, et al. Human
internal  disc  strains in  axial compression measured
noninvasively using magnetic resonance imaging [J].  Spine,
2007, 32(25): 2860-2868.

8. Chagnon A, Aubin CE, Villemure I. Biomechanical influence
of disk properties on the load transfer of healthy and degen-
erated disks using a poroelastic finite element model [J]. J
Biomech Eng, 2010, 132(11): 111006.

9. Louman—Gardiner KM, Coombe D, Hunter CJ. Computation
models simulating notochordal cell extinction during early
ageing of an intervertebral disc[J]. Comput Methods Biomech
Biomed Engin, 2011, 14(12): 1071-1077.

10. Guehring T, Nerlich A, Kroeber M, et al. Sensitivity of
notochordal disc cells to mechanical loading: an experimental
animal study[J]. Eur Spine J, 2010, 19(1): 113-121.

11. Sowa GA, Coelho JP, Bell KM, et al. Alterations in gene
expression in response to compression of nucleus pulposus
cells[J]. Spine J, 2011, 11(1): 36-43.

12. Gruber H, Norris R, Kern M, et al. Periostin is expressed
by cells of the human and sand rat intervertebral discs [J].
Biotech Histochem, 2011, 86(3): 199-206.

13. Gilbert HT, Hoyland JA, Millward—Sadler SJ. The response

of human anulus fibrosus cells to cyclic tensile strain is

frequency—dependent and altered with disc degeneration [J].
Arthritis Rheum, 2010, 62(11): 3385-3394.

14. Wang DL, Jiang SD, Dai LY. Biologic response of the in-
tervertebral disc to static and dynamic compression in vitro
[J]. Spine, 2007, 32(23): 2521-2528.

15. Wuertz K, Godburn K, MacLean JJ, et al. In vivo remodel-
ing of intervertebral discs in response to short-and long—
term dynamic compression[]J]. J Orthop Res, 2009, 27(9):
1235-1242.

16. Adams MA, Dolan P, McNally DS. The internal mechanical
functioning of intervertebral discs and articular cartilage,
and its relevance to matrix biology[J]. Matrix Biol, 2009,
28(7): 384-389.

17. Wilke HJ, Neef P, Caimi M, et al. New in vivo measure-
ments of pressures in the intervertebral disc in daily life[]].
Spine, 1999, 24(8): 755-762.

18. Owan I, Burr DB, Turner CH, et al. Meehanotransduction
in bone: osteoblasts are more responsive to fluid forces than
mechanical strain[J]. Am Physiol Soc, 1997, 273(3 Pt 1):
¢810-c815.

CBcfs H #1:2011-07-20 & 101 H 381 :2012-02-03)

(RXLHTF #H KIRIH)
T T WS

(L% 644 )

4 SEXH

LoXSREL, 207, R, 55, fE2 M ARS8 E 76 I AR AT
Tt 1 o A T I DR N (D). o R AR A AR K, 2011, 21
(5): 404-407.

2. Yu BS, Zhuang XM, Zheng ZM, et al. Biomechanical compar-
ison of 4 fixation techniques of sacral pedicle screw in osteo-
porotic condition[J]. J Spinal disord Tech, 2010, 23(6): 404-
409.

30 A ZE, WG, (SHTAE, SE. R SO S0 B p o g
WEFE[)]. P EA A SE25 A, 2010, 20(10): 864-867.

4. PNER, fRakAE, DA, SF. S RO 2 MHERRETHEET 5 i
LRI o b PR g ) 2% 2K, 2002, 20(3): 181-183.

5. Esenkaya I, Aluclu MA, Kavakli A, et al. Radiologic and
morphologic evaluation of the lateral sacral mass[]J]. Acta Or-
thpo Traumatol Ture, 2003, 37(4): 330-339.

6. Mirkovic S, Abitbol JJ, Steinman J, et al. Anatomic considera-
tion for sacral screw placement[J]. Spine, 1991, 16(6 suppl):
289-294.

7. Von Strempel A, Trenkmann S, Kirsch I, et al. The stabili-
ty of bone screws in the os sacrum[]]. Eur Spine J, 1998, 7
(4): 313-320.

8. Zindrick MR, Wiltse LL, Widell EH, et al. A biomechanical
study of intrapeduncular screw fixation in the lumbosacral
spine[J]. Clin Orthop, 1986, 203: 99-112.

9. Ear, AL, LB, AF. BRE S S BT HIE E 1 i ) e
[J]. HfEmFR Ak, 2010, 30(3): 277-281.

10. Zheng Y, Lu WW, Zhu Q, et al. Variation in bone min-
eral density of the sacrum in young adults and its signifi-
cance for sacral fixation[]J]. Spine, 2000, 25(3): 353-357.

11. Okuyama K, Sato K, Abe E, et al. Stability of transpedicle
screwing for the osteoporotic spine: an in vitro study of the
mechanical stability[J]. Spine, 1993, 18(): 2240-2245.

12. Ergur I, Akcali O, Kiray A, et al. Neurovascular risks of
sacral screws with bicortical purchase:an anatomical study[J].
Eur Spine J, 2007, 16(9): 1519-1523.

(ks H#91:2011-11-28 & 18l H 381.2012-05-08)
(EL%BY  # RIFITH)
(ALh#E Zak)



