
Project Title: Gene Gun-mediated Gene Transfer of Osteogenic Protein-1 (OP-1) to 
Promote Regeneration of the Intervertebral Disc in Rabbits 
 
During the funding period, our research has made significant progress.  We gave 6 
presentations at various scientific meetings and are revising a manuscript for publication. 
Most importantly, based on our data from the NASS Award, we were successful in 
obtaining a Spine Program Project Grant from NIH/NIAMS.  This award, which includes 
two projects that utilize the gene gun gene transfer technique, is for 5 million dollars in 
direct costs, for a total of 7.2 million dollars over 5 years.  The research also has 
facilitated the expansion of the use of gene gun therapy to chondrocytes in a Specialized 
Center of Research in Osteoarthritis.  The following section describes the summary of 
results obtained with the support of the NASS Award. 
 
Specific Aims 
The specific aim of this study is to correlate the biomechanical characteristics of lumbar 
motion segments with the morphological appearance of the intervertebral disc, vertebral 
body, and facet joint by: 
(1) Determining the stability of the motion segment by measuring the segmental stiffness 
in flexion, extension, lateral bending, and axial rotation,  
(2) Determining the pathoanatomical changes before and after loading (ie, foraminal 
area, nerve root impingement, disc bulging, facet subluxation, etc) using MRI and the 
cryomicrotomic techniques, 
(3) Investigating MRI characteristics of the lumbar intervertebral disc and adjacent 
marrow to quantify the grades of disc degeneration and Modic types of disc 
degeneration, and 
(4) Investigate possible correlations between above findings. 
 
Transfection of β-galactosidase reporter gene 
 
As a first step, we conducted a study to test the feasibility of using the gene gun-mediated 
gene transfer technique to transfect the β-galactosidase reporter gene in vitro to rabbit NP 
and AF cells maintained as a high density monolayer and then cultured in alginate beads.  
Optimization of the particle-mediated gene transfer was initially performed on a 
monolayer culture of AF cells because these cells are more readily available.  The 
transfection carried out at helium gas pressures above 150 psi resulted in significant cell 
dislodgement from the tissue culture wells.  The range of pressure from 100 psi to 150 psi 
was found optimal for maximizing transfection efficiency and cell viability.  Lower 
pressures induced no apparent transfection of pCMV-β-gal.  Thus, the 125 psi was 
selected to test other variable conditions for the transfection.  The level of gene 
expression was highest when using a particle size of 1.6 µm at a DNA loading ratio of 2 
µg of DNA per mg gold with the gene gun pressured at 125 psi.  Under these conditions 
the transfection efficiency with the β-gal gene was approximately 10%, as measured by 
manual cell counting after β-gal staining.  We also have assessed the duration of 
transgene expression of β-galactosidase as well as the effects of particle-mediated gene 
transfer on the matrix metabolism of rabbit AF cells in 3-dimensional alginate cultures.  
Transgene expression of β-galactosidase by both NP and AF cells in 3-dimensional 
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Figure 2 

alginate cultures was maintained over the 3 weeks of culture after transfection.  Our 
study on the biological activity showed that the content of DNA increased in a similar 
fashion after gene gun transfection, suggesting that the procedure did not cause 
significant cell damage.  There was no significant difference in the rate of proteoglycan 
(PG) synthesis by AF cells at any time point.  PG content in the beads increased similarly 
in all groups over the 21 days of culture.  The results of live/dead cell assays and LDH 
measurements demonstrated that cell death caused by bombardment of the cells 
was less than 10%.  These findings suggest that this approach does not cause significant 
deleterious effects on the metabolism of IVD cells. 
 
Effect of Transfection of the OP-1 gene to NP and AF cells In Vitro 
 
Furthermore, using bovine IVD cells we have recently shown that gene –gun-mediated 
transfection of the OP-1 gene can induce specific metabolic changes in IVD cells (NP 
and AF cells).  Transfer of the β-gal gene was performed to probe the efficiency of 
transfection in the two different cell sources.  Staining of X-gal demonstrated an 
efficiency of 14.1% for the NP cells and 8.2% for the AF cells.  To determine whether 
gene transfection can be used to alter the metabolism of IVD cells, the human OP-1 gene 
was transfected using a pW24 vector.  On day 3 after transfection, there were no 
significant differences in the DNA and PG contents of the cell layer in any group.  In 
contrast, cells transfected with the OP-1 gene synthesized PGs at a faster rate in both AF 
(124% of control) and NP (144% of 
control) groups (Figure 2).  It was 
noteworthy that NP cells were more 
responsive than AF cells to the 
transfection of the OP-1 gene.  To 
study whether transfection of a growth 
factor gene can induce metabolic 
changes in IVD cells, the expression 
of OP-1 mRNA in OP-1-transfected 
IVD cells was first evaluated by the 
RT-PCR method.  Both NP and AF 
cells were transfected with the empty 
vector (control) or the OP-1 
expression vector (pW24), further 
cultured for 2 days and total RNA was 
extracted.  While the control groups showed constitutive expression of the OP-1 gene, 
OP-1-transfected IVD cells showed an increase in expression of the OP-1 gene greater 
than that found in the control cells. 
 We also evaluated, by Western Blot analysis, whether the IVD cells transfected 
with the OP-1 gene showed an increase in the amount of OP-1 protein secreted.  Annulus 
cells showed more spontaneous secretion of OP-1 without gene transfer, which was also 
observed in RT-PCR.  Cells that were transfected with pW24 produced a larger amount 
of immunoreactive protein than did the control cells.  Analysis of the cell lysate showed 
similar results with multiple bands of 12G3 positive bands that included the proform of 
OP-1.  The results of this study revealed, for the first time, that transfection of the OP-1 



gene by the gene gun system to IVD in vitro can alter the metabolism of these cells.  
Both the efficiency study and the metabolic study provide evidence that the NP cells 
might be the best targets for transfection. 

IVD regeneration with cells transfected with the OP-1 gene: an ex vivo gene transfer 
using the rabbit model 
 
The potential of a non-viral gene gun-mediated gene transfer method for efficient 
transfection to the IVD cells has been confirmed.  The transfection of the OP-1 gene 
stimulates IVD matrix synthesis in vitro.  The introduction of gene-transfected cells, as 
an ex vivo transfection with a growth factor or other inhibitors to proteinases or 
cytokines, might be a practical choice for 
disc degeneration. 
We have conducted a study to monitor the 
effect of ex vivo gene transfer of the OP-1 
gene on the in vivo repair of the IVD of 
rabbits.  Twelve New Zealand White rabbits 
were used and were divided equally into 2 
groups: cells transfected with vacant vector 
(Control group); cells transfected with the 
OP-1 gene (OP-1 group).  After 3 days, 
transfected cells with vacant or OP-1 vector 
were injected, under general anesthesia, by a 
25 gauge-needle into 3 consecutive levels of 
IVDs (L2/3-L4/5) for each rabbit in each group.  The discs in the L1/2 level were used as 
non-injection controls. 
In the intact discs (non-treatment group), there were no significant differences in disc 
height index (DHI) and %DHI among different time points.  In the control group, a 
significant decrease of %DHI, compared to the non-treatment group, was observed at 4 
weeks and sustained for up to 8 weeks (4W: 89 ± 8%, 8W: 81 ± 2%) (Figure 3) (There 
are astericks on Figure 3 that are not defined).  In the OP-1 group, the %DHI showed a 
slight increase (4W: 101 ± 3%, 8W: 107 ± 7%) (Figure 3).  The comparison between the 
control and OP-1 groups showed significant differences of %DHI as early as 4 weeks (p 
< 0.05) that were sustained for up to 8 weeks (p < 0.01) after injection (Figure 3). 
Biochemical analysis also supported the results of X-ray analysis.  The PG content of the 
NP was greater than that of the AF both in the control and OP-1 groups at 8 weeks.  The 
PG content of the OP-1 group was greater than that of the control group not only in the 
NP (132%, p < 0.05) but also in the AF (121%, p <0.05). 
Measurement of DHI showed that ex vivo gene transfer of OP-1 was very effective in the 
preservation of disc height when compared to the injection of non-transfected cells.  The 
biochemical analysis of those tissues supports the contention that the delivery of gene-
transfected cells with growth factor to IVD can improve the maintenance of IVD matrix. 

Gene gun-mediated transfer of the OP-1 gene to IVD and articular cartilage (AC) 
tissues 
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Figure 3 



 
Figure 4. Representative section of AC and IVD 
tissues stained with X-gal after gene transfer of 
pCMV-ß-galactosidase (x100) 

We have conducted a study to compare the efficiency of direct transfection of cells from 
the IVD [AF and NP] and (AC) tissues using the gene gun transfection system ex vivo.  
Furthermore, we studied whether or not gene gun-mediated transfer of the OP-1 gene can 
induce metabolic changes in IVD and AC tissues. 
Transfer of the ß-galactosidase gene 
was performed to probe the 
efficiency of transfection in the three 
different tissue sources.  After LacZ 
staining, LacZ positive cells were 
observed only on the surface of both 
the IVD and AC tissues (Figure 4).  
The transfected areas were deeper in 
the NP than in the AC and AF 
tissues. 
To study whether gene transfection can alter the metabolism of IVD and AC tissues, the 
human OP-1 gene was transfected to tissues using a pW24 vector while the control 
groups received a vacant vector.  Seven days after transfection, there was no difference 
between the DNA contents of the OP-1 and control groups, indicating that gene gun-
mediated transfer is associated with no deleterious effects on tissues subjected to direct 
gene transfer [data not shown]. In contrast, the PG content (normalized to wet weight) 
was significantly higher in all tissues transfected with the OP-1 gene [AC (130%), AF 
(136%) and NP (170%) tissues.  NP tissues were more responsive than AC and AF 
tissues to the transfection of the OP-1 gene. 
We have shown that the gene gun-mediated gene transfer method can be used to transfect 
IVD and AC tissues ex vivo without any deleterious effects.  Although transfection was 
limited to the surface layers of the tissues, the transfection of the OP-1 gene successfully 
unregulated anabolic aspects of the metabolism of sulfated PGs. 
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