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Gene therapy for joint disease has been in existence for two decades. Its applications have 

included therapy for osteoarthritis, cartilage repair, rheumatoid arthritis and other, less common 
joint abnormalities. There is a large body of evidence in both animal studies and clinical trials 
that suggest the therapy is safe and effective.1-4 So where are we now and what does the future 
hold for gene therapy? Will it be a clinical reality and if so when? This presentation will give a 
brief overview of gene therapy, a background on what has been done and where it is going as a 
clinical modality to treat joint disease. 

Intra-articular gene therapy is typically administered by one of two approaches, 1) direct or 
otherwise known as in-vivo or 2) indirect or otherwise known as ex-vivo.3 Direct gene therapy is 
most often administered into the joint by intra-articular injection and indirect is commonly 
performed by delivering cells that have been genetically modified to the joint. Many different 
types of cells have been utilized for ex-vivo gene therapy including synoviocytes, chondrocytes, 
mesenchymal stem cells, or antigen presenting cells. For this presentation, gene therapy as a non-
cellular therapy will be discussed and therefore, ex-vivo approaches will not be covered. 

The concept of direct in-vivo injection of gene therapy vectors is straightforward. 
Therapeutic complementary DNA (cDNA), is placed into a vector backbone (usually derived 
from a virus) and the gene therapeutic vector is then injected into the joint. The injection of these 
vector particles usually results in transduction of the tissues within the joint to result in 
production of the desired therapeutic protein intra-articularly. Tissues within the joint that are 
targets most commonly include synovium, ligaments, cartilage and perhaps joint capsule.5 For 
many gene therapeutic vectors, chondrocytes within the cartilage are not efficiently transduced 
due to the dense matrix components of cartilage although one viral vector, adenoassociated viral 
vector (AAV) appears to perhaps overcome that barrier. The overarching goal for the gene 
therapeutic approach is to get long-term protein production in the diseased joint to both reduce 
inflammation and enhance catabolism to result in a reduction or a reversal of disease 
progression. 

Many different transgenes have been used intra-articularly to treat joint disease, the most 
common including interleukin receptor antagonist protein (IL-1ra), insulin-like growth factor-I 
(IGF-I), transforming growth factor beta (TGF-ß), and human tumor necrosis factor receptor-
immunoglobulin Fc (TNFR:Fc).   

Viral gene therapy has been most commonly utilized due the fact that nonviral gene delivery 
has not been efficacious in animal models.6  Viral vectors that have been successfully utilized in-
vivo in animal models include adenovirus, AAV, retrovirus, herpes simplex virus (HSV) and 
lentivirus.1, 7, 8 As one would expect, all viral vectors have advantages and disadvantages. 
Adenovirus and HSV initiate inflammation and cytotoxicity within the joint and, most 
importantly, do not result in long-term expression of transgenes. Retroviruses require host-cell 
division and therefore are generally only utilized for ex-vivo transfer since cell division is low in 
the intra-articular environment.9 Lentivirus, also considered a retrovirus but a nononcoretrovirus, 
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can stably transduce joint tissues but also inserts the cDNA into the cellular genome which has 
been associated with disease from insertional mutagenesis.10 While lentivirus can result in long-
term expression, the complexity of their biology and safety concerns have lessened the 
enthusiasm for their use. Much excitement has been generated for use of AAV vectors in intra-
articular gene therapy in the last decade. The viral vector appears to safely and efficiently 
transduce joint tissues and while it does not incorporate into the cellular genome, it stays 
episomally and results in long-term production of protein.1, 4, 11 Advances in the biology of AAV 
have also made the vector more efficient as in its wild type state it exists as a single stranded 
DNA virus that counts on the cellular machinery to produce protein. Advances in self-
complementary AAV viral vectors (scAAV) have overcome this barrier and resulted in much 
more efficient intra-articular vectors.12, 13   

To date, there have been six clinical trials of in-vivo gene therapy, four of which are 
published.1 Two clinical trials have been performed using retrovirus to deliver IL-1ra,9, 14 two 
clinical trials have been performed using AAV to deliver TNFR-Fc,4, 11 one has used plasmid 
HSV-tk (unpublished) and one using NFkB oligonucleotide (unpublished). While initial results 
of clinical trials have shown promise, the field has been troubled by FDA mandates of gene 
therapy trials to be either terminated or put on hold due to complications of patients in trials until 
they have been successfully proven to be gene therapy related or not. In one trial in which a 
subject died that was injected into the circulation of the liver proved to be a large barrier to 
getting gene therapy back on track.15 Another trial in which a subject died after a high dose intra-
articular injection of AAV again put progress on hold until the death was concluded to be non 
treatment related.16 

Further clinical trials both in humans and animals are on the forefront of advancement of 
gene therapy. Most likely the few clinical trials published along with the large body of pre-
clinical data that exist on the utility of gene therapy for nonfatal diseases such as osteoarthritis, 
cartilage degeneration and rheumatoid arthritis will prove that this therapy will most likely 
conquer most concerns related to safety and efficacy. Since no highly effective drugs exist for 
the treatment of OA and over 40 million people suffer from this disease, an efficacious treatment 
would be a welcomed clinical entity. 

Currently, gene therapy is experiencing resurgence, especially in the field of arthritis. Many 
animal models reveal efficacy and enthusiasm exists for continued testing to treat both humans 
and animals that suffer from cartilage damage and osteoarthritis.7, 8, 12, 17, 18 The field will 
continue to experience significant hurdles such as the need to prove safety and efficacy, as well 
as adequate funding. This will most likely slow progress but the current data indicate great 
promise and most certainly gene therapy will overcome significant hurdles and achieve success 
in the face of various challenges. 
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