Nitric oxide synthase gene therapy in fracture healing - a
novel explant culture study

Author:
Zhu, W.; Marriotti, A; Murrell, GAC; Diwan, Ashish

Publication details:
Transactions Vol.27

Event details:
48th Annual Meeting, Orthopaedic Research Society
Dallas, TX

Publication Date:
2002

DOI:
https://doi.org/10.26190/unsworks/748

License:
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
Link to license to see what you are allowed to do with this resource.

Downloaded from http://hdl.handle.net/1959.4/44674 in https://
unsworks.unsw.edu.au on 2024-04-26


http://dx.doi.org/https://doi.org/10.26190/unsworks/748
https://creativecommons.org/licenses/by-nc-nd/3.0/au/
http://hdl.handle.net/1959.4/44674
https://unsworks.unsw.edu.au
https://unsworks.unsw.edu.au

/ /2_)\ ’
:i‘ \$ ,4"/

NITRIC OXIDE SYNTHASE GENE THERAPY IN FRACTURE HEALING - A NOVEL EXPLANT CULTURE STUDY

*Zhu, W; *Mariotti, A; *Murrell, G AC; +*Diwan, A D
+*Orthopaedic Research Institute, St George Hospital / University of New South Wales, Sydney, NSW, Australia. 61-2-93502878. Fax: 61-2-93503967,
a.diwan@unsw.edu.au

Introduction: Nitric Oxide (NO) is generated by three nitric oxide synthases
(iNOS, eNOS and bNOS). Inducible iNOS produces larger amount of NO
than that produced by constitutively expressed eNOS and bNOS. We
previously reported [1] that nitric oxide modulates fracture healing. Inhibition
of NOS inhibited the healing process; addition of NO to the fracture site
reversed this impairment. We also demonstrated [2] that the expression of
NOS isoforms during fracture healing is time-dependent, isoform-specific and
cellular distinctive. In order to investigate the mechanisms by which NO may
effect fracture healing, NO was delivered via adenovirus’ carrying either
human iNOS gene or human eNOS gene in a novel rat-fracture-callus explant
culture gene therapy model and the mRNA expression of alkaline phosphatase
(ALP), osteocalcin (OC), basic fibroblast growth factor (bFGF), and
transforming growth factor beta (TGF-beta) was studied.

Materials and Methods: Fracture was created by three point bending in right
femur of Sprauge Dawley rats (n=15). Using day-10 fracture callus, an
explant culture was established in 24-well plates in triplicate. Callus tissue
were divided into five groups: experimental groups were transfected with
either human iNOS or human eNOS gene carried by an adenovirus vector at
10 7 pfu/ul, control groups were either incubated with NOS inhibitor NMMA
(negative control) or with NO donor SNAP (positive control) and one group
of callus was incubated in unconditioned medium (baseline control). Rt- PCR
and western blot were used to detect the human iNOS and eNOS gene
expression in rat callus at both transcriptional and translational levels, after 3
hours and 24 hours transfection. Competitive PCR [2] reactions were used to
quantitatively analyse the gene expression of ALP, OC, bFGF and TGF-beta
in each group. Statistical significance were accepted at p < 0.05.

Results: Both human iNOS and human eNOS gene delivered by adenovirus
were detected in rat fracture callus at the mRNA level (Figl) and protein level
(Fig2), after 3 hours and 24 hours transfection. There was no human iNOS or
human eNOS mRNA and protein present in the non-transfected control
groups.

The competitive PCR study showed that ALP, OC, bFGF and TGF-beta
gene were expressed in rat fracture callus.

ALP gene (Fig3) and bFGF gene (Figd) expression were found decreased
to 50 % and 25 % of control baseline level in NOS inhibitor NMMA treated
callus group, respectively. However, they were found increased in NO donor
SNAP treated group, rising 1.5 fold (ALP gene) and 2 fold (bFGF gene) of
baseline control level. mRNA for ALP was also found increased 30% in
human eNOS transfected callus group, and mRNA for bFGF was found
increased 3 fold in human iNOS transfected group, after 24 hours transfection.

OC gene (Fig5) and TGF-beta gene (Fig6) expression were found
increased in NOS inhibitor NMMA treated group, rising 1.3 fold and 1.5 fold
of control baseline level. However, nRNA for OC and TGF-beta were found
decreased to 60 % and 45 % of control baseline level in NO donor SNAP
treated group, respectively. Both OC gene and TGF-beta gene were also found
decreased in human iNOS and human eNOS transfected groups, after 24 hours
transfection.

Discussion and Conclusion: Our work has established a novel method for
gene therapy in fracture healing. We found that human NOS gene was
expressed in rat fracture callus at mRNA and protein levels. Nitric oxide up-
regulated the ALP and bFGF gene expression, however nitric oxide down-
regulated the OC and TGF-beta gene expression in rat fracture healing.

Figl. Human iNOS (HiNOS) and human eNOS (HeNOS) cDNA expression
in rat fracture callus. Lane 1: DNA marker pUC19. Lane 2: baseline control
callus. Lane 3: callus treated with NOS inhibitor NMMA. Lane 4: callus
treated with NO donor SNAP. Lane 5: callus transfected with either HINOS or
HeNOS for 3 hours. Lane 6: callus transfected with either HINOS or HeNOS
for 24 hours.
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Fig2. Human iNOS (HiNOS) and human eNOS (HeNOS) protein expression
in rat fracture callus. Lane 1: baseline control callus. Lane 2: callus treated
with NOS inhibitor NMMA. Lane 3: callus treated with NO donor SNAP.
Lane 4: callus transfected with either HINOS or HeNOS for 3 hours. Lane 5:
callus transfected with either HINOS or HeNOS for 24 hours. Lane 6: HINOS
positive control (stimulated human chondrocytes) or HeNOS positive control
(human endothelial cells).
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Fig3. ALP expression in 24 hours rat
fracture callus explant culture.

Fig4. bFGF expression in 24 hours
rat fracture callus explant culture.
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Fig5. OC expression in 24 hours rat ~ Fig6. TGF-beta expression in 24 hours
fracture callus explant culture. rat fracture callus explant culture.
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