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Effects of loading frequency on matrix synthesis of annulus fibrosus cells in an intervertebral disc
perfusion culture system/LI Pei, GAN Yibo, XU Yuan, et al/Chinese Journal of Spine and Spinal
Cord, 2015, 25(3): 252-258

[Abstract] Objectives: To investigate the effects of loading frequency on matrix synthesis of annulus fibrosus
(AF) cells. Methods: Discs from porcine(4-6 months old) were isolated and randomly divided into control
group (no loading) and loading groups(0.1Hz, 0.5Hz, 1Hz, 3Hz and 5Hz group, respectively). All discs were
put in tissue culture chamber for perfusion culturing. No loading was applied to the discs in the control
group while different loading frequencies(0.1Hz, 0.5Hz, 1 Hz, 3Hz and 5Hz, respectively) were applied to the
discs in the loading groups. After culturing for 5 days, the full-thickness AF tissues were used for the analy-
sis of HE staining, alcian blue staining, matrix genes(Aggrecan, Collagen I, collagen 1) expression, GAG
content and HYP content. Results: After 5 days, AF in each group remained the natural lamellar structure.
Compared with the control group, stronger intensity of alcian blue staining, up-regulated expression of matrix
genes and increased GAG content and HYP content were observed in loading groups except for the 5Hz
group. When compared among loading groups, the alcian blue staining intensity, expression of matrix genes,
GAG content and HYP content in 5Hz group all decreased compared with those of other loading groups
(0.1Hz, 0.5Hz, 1Hz and 3Hz group). Conclusions: Under condition of intervertebral disc perfusion culturing,
matrix synthesis of AF cells is influenced by loading frequency, which increases at low frequency (0.1-3Hz)

and decreases at high frequency(5Hz).
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Figure 1 Schematic of bioreactor platform for intervertebral disc per-

a LR SN A R AR A

fusion culture a a brief appearance of bioreactor system b primary u-
nits of bioreactor system(l: Tissue culture chamber; 2: Medium peri-
staltic pump; 3: O, CO, and pH senser; 4: Mechanical load applying

Figure 2 Gross observation of porcine thoracolumbar spine(a)

and the isolated discs with cartilage endplate(b)
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Table 1 Primers of target genes

He 44 B LiE5I(5'-3") INELRZICEY)
Genes Forward (5'-3") Reverse (5'-3")
GAPDH ACCTCCACTACATGGTCTACA ATGACAAGCTTCCCGTTCTC
Aggrecan CGTGGTCCAGCACTTCTAAA AGTCCACTGAGATCCTCTACTC
Collagen 1 CCAAGAAGAAGGCCAACAAGGC CATCGCACAACACATTGCCG

Collagen 1I

CAGGATGGGCAGAGGTATAATG

GAGGCAGTCTTTCAGGTCTTC
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Figure 1 After 5 days culture,

HE staining showed the annulus fibrosus in every group kept its native lamellar

structure and no obvious structural differences were found between groups(x100) a, b, ¢, d, e and f are representative

images of control, 0.1Hz, 0.5Hz, 1Hz, 3Hz and S5Hz groups, respectively. IAF: inner annulus fibrosus; OAF: outer

annulus fibrosus
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Figure 4 After 5 days culture, alcian blue assay(x100) in every group showed the annulus fibrosus was stained to blue

and the staining intensity of the inner annulus fibrosus(IAF) was stronger than the outer annulus fibrosus(OAF). Compared
with the control group, an increased staining intensity was found in the 0.1Hz, 0.5Hz, 1Hz and 3Hz group, while a
decreased staining intensity was found in the 5Hz group. a, b, ¢, d, e and f are representative images of control,

0.1Hz, 0.5Hz, 1Hz, 3Hz and 5Hz groups, respectively. IAF: inner annulus fibrosus; OAF: outer annulus fibrosus

F2 HAHBEAERBARMPEREEES PCR 57
Table 2 Real-time PCR analysis for matrix genes expression of annulus fibrosus cells in control |

0.1Hz 0.5Hz . 1Hz 3Hz and 5Hz group

434 (Group) Aggrecan Collagen I Collagen 1
Xt B 41 (Control  group) 2.7841+0.2771 0.8436+0.0676 1.660620.1349
0.1Hz 41(0.1Hz group) 2.80760.1438" 0.8090+0.0521 2.7999+0.1209
0.5Hz 41(0.5Hz group) 4.2828+0.514712 0.9162+0.068172 3.2464+0.138202
1Hz #1(1Hz group) 5.7519+0.3588%2 1.4637+0.071672 5.4104:0.2400%2
3Hz #(3Hz group) 4.8788+0.253672 1.3566+0.1015%2 3.0950+0.1090%2
5Hz #(5Hz group) 1.7758+0.3845% 0.6947+0.0260% 0.7600+0.1323%

(D5 SHz 41 B P<0.05 ;@5 4 4L P<0.05
Note: DCompared with SHz group, P<0.05; @Compared with control group, P<0.05
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Table 3 GAG content analysis for control \0.1Hz
0.5Hz . 1Hz .3Hz and 5Hz group

5320 (Group) GAGF it ( GAG content)

XJ B 2 (Control group)
0.1Hz 41(0.1Hz group)
0.5Hz 41(0.5Hz group)

51.2173£2.5192
53.5451%5.16177
67.0908+2.013502
72.7097+3.071972
3Hz 41 69.7190+2.557472
5Hz 21 48.0682+2.6506%

(3Hz group)
(5Hz group)

(D 5Hz 4114 P<0.05; Q)5 % B 41 HL 8 P<0.05
Note: (DCompared with SHz group, P<0.05; @Compared with
control group, P<0.05
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Table 4 HYP content analysis for control \0.1Hz
0.5Hz.1Hz 3Hz and 5Hz group
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0.5Hz 41(0.5Hz group)
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4.1702+0.1933
4.8168+0.254942
5.3042+0.3091%2
7.1997+0.1801%2
3Hz 4 5.5547+0.1290"2
SHz #H(5Hz group) 2.3746+0.2721%
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(DY SHz 41145 P<0.05;@) 5 % B 41 L% P<0.05
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