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Osteoarthritis (OA) is a disease of
the total joint, affecting cartilage,
bone, meniscus, synovium, and ligaments. It is estimated that 27 million Americans were affected with
OA in 2008,1 that 35 million are
currently affected, and that 67
million will be affected by 2030.2
Despite the high incidence, there is
no treatment that significantly alters the course of disease. Unlike
many other diseases, OA is well
suited for local, intra-articular
treatment because the disease affects a limited number of joints and
lacks obvious extra-articular manifestations. Among several efforts
made to treat OA, gene therapy has
merit. Gene therapy is the intentional modulation and transfer of
a therapeutic gene into the cells of
injured tissue to achieve sustained
and well-regulated synthesis of
therapeutic protein at the site of
injury. Gene transfer can be achieved through ex vivo or in vivo
approaches. The goal is to augment
the expression of a therapeutic
gene or inhibit the expression of
a disease-associated gene in cells.
Application of ex vivo gene therapy merges well with the tissueengineering approach. Ex vivo gene
therapy requires removal of cells
from the body and genetic manipulation of the cells in vitro before reimplantation. In contrast, in vivo
gene therapy provides delivery of the
therapeutic genes directly into the
cells of the synovial joint. In both
approaches, the transfer of DNA
into the cells can be made either by
viral or nonviral vectors.3
In the nonviral approach, gene
transfer is achieved through several
nonionic, physical (electromagnetic)

and biochemical modes. Although
they have no obvious risks for
immunogenicity/mutagenesis, nonviral vectors are less efficient than
viral vectors. This barrier can be
overcome with the use of responsive
(self-limiting) promotors that are
stimulated only when joint homeostasis is perturbed and express
the therapeutic gene only when
needed.4,5 In addition, vectors with
two promoters (ie, dual expression
vectors) are able to harbor two genes
and provide an opportunity for
augmented therapeutic potential and
eliminate the limitation of single-gene
selection.6,7 For example, an anticatabolic and a proanabolic gene can
be selected to ameliorate inflammation, improve matrix synthesis,
inhibit apoptosis, enhance joint
lubrication, and improve healing of
microfractures and chondral defects.
Viral vectors, which have had
the viral genes removed, provide
a renewable source of gene expression. Although these vectors have
been used in gene therapy trials,8
they have potential limitations
such as immunogenicity, insertional
mutagenesis, persistence, and sustainability of transgene expression
and tissue/cell specificity. Recently,
adeno-associated vectors have gained
popularity as a gene therapy vector
secondary to the commercialization
of alipogene tiparvovec, an adenoassociated vector-based product for
management of familial lipoprotein
lipase deficiency. The lessons learned
from gene therapy in the cancer field
further dictate how adenoviruses can
be used effectively for management
of OA.
Several strategies have been used
to overcome the problems related to
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adenovirus gene therapy. Adenovirus
serotype 5 has several unique attributes that make it suitable for gene
therapy. To circumvent the problem
of cell and tissue specificity, refractory bispecific adapter molecules
have allowed modification of adenovirus tropism for targeted gene
transfer.9 The use of unconventional
immunoglobulins derived from the
serum of camels and alpacas provides compatibility with the cytosolic
biosynthesis of adenovirus capsid
proteins, thus allowing for target cell
specificity and ultimately making the
use of these immunoglobulins possible for adenovirus-mediated gene
therapy for a specific tissue in the
joint.10 Similarly, to circumvent the
broad negative effects of preexisting
immunity to common human serotypes of adenoviruses, researchers
have developed vectors based on
chimpanzee-derived
adenoviruses
for gene therapy.11
As far as the selection of a therapeutic gene is concerned, there is no
single gene that can treat OA or delay
its progression; however, nuclear
factor-k B is an initial candidate for
inhibition.12 We believe that technologies, such RNA sequencing and
microarray, can provide a comprehensive list of genes that are altered
in disease and may qualify for therapy or provide therapeutic targets.

Great potential exists for the application of gene therapy to treat diseases
such as OA. However, attention must
be paid to safety, stability, costeffectiveness, and appropriate timing
of therapy. Such key considerations
will guarantee approval of gene therapy products by the regulatory
authorities. We believe that if gene
therapy can delay joint arthroplasty
(currently the only available surgical
option for end-stage OA) for at least
a decade, this would exert a significant impact on patients’ quality of
life.
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