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Tissue engineered allograft total disc transplantation using exogenous nucleus pulposus cells: an experi-
mental study in a beagle model/XIN Hongkui, ZHANG Chao, RUAN Dike, et al/Chinese Journal of
Spine and Spinal Cord, 2012, 22(9): 835-842

[Abstract] Objectives: To investigate in vivo rehepitation of the transplanted tissue engineered allograft total
disc and to explore the biological effect of nucleus pulposus(NP) cells or hTERT gene transfected NP cells on
allograft total disc transplantation. Methods: Eighteen canine lumbar intervertebral discs were obtained from 5
canines and cryopreserved in liquid nitrogen. Canine nucleus pulposus cells were isolated and transduced with
rAAV-hTERT. The cells were injected into the discs to construct a "tissue—engineered" allograft disc(group
A). NP cells and DMEM/F12 were used for positive control(group B) and blank control(group C) respectively.
18 beagle dogs received the 3 groups of allograft IVD composites implantation respectively. Radiographic ex-
amination was performed at 4, 8 and 12 weeks after implantation. At 12 weeks after operation, all dogs were
sacrificed and the lumbar spines were harvested for the biomechanical test and histological analysis, ectogenic
NP cell tracing and hTERT mRNA analysis. Results: Bony fusion between intervertebral disc allograft and
adjacent host intervertebral body was observed in all animals. The disc height and T2 signal intensity preser-

vation in group A and B were better than group C. MRI showed typical degenerative changes in group C. In
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group A, the normalized grayscale of the transplanted disc in MRI image was significant higher than that of

the controls at 12 weeks. Biomechanical test showed a poor stability preservation in group C compared with
group A and B. PKH-26 positive cells were identified within the allograft discs in group A at 12 weeks,
which provided matrix for cell survival. Histological analysis showed the NP cell morphology, cell number and
distribution of the allograft discs were better preserved in group A and B than group C at 12 weeks of
Conclusions: NP cells or hTERT loaded NP cells intervention can effectively resist the

The hTERT loaded NP cells

follow —up.
degeneration of the allogenic transplanted intervertebral discs in beagle model.
show better anti-degeneration effect than NP cells. This modified disc regeneration technique through NP cell
injection may preserve the disc function better, which can ensure the long—term outcome of allograft disc
transplantation.
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Figure 1 Construction of tissue engineered allograft intervertebral disc and
animal experiment procedure Figure 2 Determination of disc height, disc
height=(a+b+c)/3 Figure 3 Determination of normalized grey scale of the

NP, normalized grey scale=G1/G2
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Figure 5 Lateral view radiographic analysis at 12 weeks
follow up. Typical degenerative changes such as space
narrowing,  endplate sclerosis and osteophyte formation
could be detected in group C. In group A and B, howev-
er, the height and the overall morphology of the interver-
tebral space was preserved at a status close to a healthy

intervertebral disc
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Table 1 Disc height analysis at various time points
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Figure 6 MRI examination of all groups at 12 weeks

follow up. The T2 signal intensity and the morphology of
the NP in group A was well preserved. In group B, the
T2 signal intensity was also kept at a relative high level.
However, typical signs of "black disc" changes which
indicated the decreasing of the water content in the NP

were found in group C
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Table 2 Normalized greyscale of the L4/5 disc MRI

signal analysis at various time points
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Table 3 Range of motion of the transplanted disc at 12

weeks follow up
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Figure 7 12 weeks after implantation, a large number
of PKH-26 positive cells were found within the nucleus
pulposus area which provide survival evidence for the

seeding cells
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Figure 8 Histological analysis at 12 weeks follow up,

transplanted disc including the NP, AF and CE was well preserved in group A and B,

like cells were observed in the NP area. In group C,

the morphology of the NP and the structure of the total

large amounts of chondrocyte—

the normal structure of the transplanted disc was poor kept and

the cells within the NP area lost their chondrocyte-like phenotype
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Figure 9 RT-PCR analysis for hTERT

mRNA of nucleus pulposus tissue at 12

hTERT

weeks follow up.  The positive band of

hTERT was detected within the nucleus
pulposus tissue of intervertebral disc allo-

graft in group A
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