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Purpose: Adenoviral vector–based gene therapy is a promising technique for the delivery of growth
factors to tendons. The objective of this study was to determine whether rabbit flexor tendons could
be transduced effectively by adenoviral vectors and whether the introduction of adenoviral vectors
would cause a notable local inflammatory response.
Methods: Recombinant adenoviruses expressing green fluorescent protein (AdGFP) or BMP-13
(AdBMP-13) were constructed and 3 different viral titers (1 x 107, 1 x 108, and 1 x 109) were tested
in this study. The second through fifth tendons of the forepaws and hindpaws of a New Zealand
white rabbit were identified surgically and injected with different viral titers of adenoviruses. The
fifth tendon was used as a control. The tendons were harvested 12 days after surgery. The retrieved
tendons were sectioned to measure transgene expression, as well as for histologic evaluation.
Results: At all tested viral titers an efficient dose-dependent transgene expression was detected in
all samples at 12 days after injection. At the highest dose the injection sites were notable for
lymphocytic infiltration, suggesting that injected adenoviral vectors can illicit some local inflam-
matory response. Lymphocytic infiltration was much less apparent, however, in the tendons
injected with lower titers of adenoviral vectors. There was no evidence of a massive inflammatory
response and/or cell death.
Conclusions: Our findings show that adenovirus-based gene therapy is an efficient means of gene
delivery to rabbit flexor tendons. Transduction efficiency of transgenes was dose dependent across the
tested titers, although adenovirus-induced inflammation was notable only at the highest titer. This
indicates that efficient gene transfer without notable local inflammatory response may be achieved by
using the lower titers. Although adenovirus-induced inflammation can be minimized by using lower
viral titers, its impact on adhesion formation in the long term remains unknown. (J Hand Surg 2005;
30A:136-141. Copyright © 2005 by the American Society for Surgery of the Hand.)
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Flexor tendon lacerations represent a common yet
challenging problem. Outcomes of surgical treat-
ment often are compromised by rupture or adhe-
sions.1,2 Attempts to decrease the rupture rate,
such as immobilization or bulky suture technique,
often increase adhesions.3 Conversely attempts to
decrease adhesions, such as early active range of
motion, often lead to tendon rupture.4,5 Recently
biologic augmentation of flexor tendon healing has
been explored as a solution to this dilemma. If the
biology of flexor tendon healing can be altered to
provide a stronger repair, then earlier and more
aggressive therapy potentially could be started.
This in turn would lead to fewer adhesions with the
end result being a more functional finger.

Attempts to influence the biologic milieu in fa-
vor of improved tendon healing has attracted a lot
of attention,6 –9 particularly with respect to the
bone morphogenetic proteins (BMPs).10,11 The use
of gene therapy to deliver BMPs results in sus-
tained expression of a selected transgene and may

be superior to recombinant protein with respect to
biological activity and longevity of effect (Fig. 1).
We previously showed transgene expression of up
to 6 weeks in an in vitro tenocyte model (unpub-
lished data). Successful in vivo transfection of
tendons via adenoviral-based gene therapy also has
been shown.12,13 The collective experience with
gene therapy in flexor tendons, however, remains
limited. Adenoviral delivery of BMP-12 to a
chicken flexor tendon in vivo has been successful;
however, the optimal viral delivery titer remains
elusive.11 The use of higher titers may provide
better rates of transfection but it may cause notable
inflammation, which in turn causes tendon adhe-
sions.14 –16 Flexor tendons are relatively immuno-
privileged sites and therefore may be less
prone to adenovirus-induced inflammation. In this
study we used an in vivo rabbit flexor tendon
model to determine the optimal viral titer for effi-
cient gene transfer with minimal local inflamma-
tory response.

Figure 1. The use of gene therapy in tendon repair. (A) The adenovirus vectors expressing growth factors (such as BMPs) are
delivered to the site of tendon laceration. (B) The viruses attach to the cell membrane of the tenocyte and next (C) enter the
cytoplasm. (D) The DNAs encoding for the growth factors are transcribed to RNA and then translated to proteins (GFs). (E) The
tenocyte then secretes the factors into the extracellular environment where they can bind to receptors on nearby cells and
promote tendon healing.
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