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A newly published phase I clinical
trial of a gene therapy approach to
treating rheumatoid arthritis (RA)
indicates that therapeutic genes can
be transferred safely to, and be
expressed in, rheumatoid joints.1

RA is a long-term, disabling dis-
ease that can lead to severe joint
damage. The current biological
therapies of choice for RA, such as
administering systemic IL-1 receptor
antagonist (IL-1Ra), have some
major disadvantages, particularly
the need to be regularly readminis-
tered.2,3 Therefore, it would be
highly advantageous to develop
gene therapy approaches for stable
and effective long-term delivery of
such biological therapies to RA.
Transplantation of genetically mod-
ified cells into the inflamed joint has
been an approach to therapy for RA
that has been explored for over a
decade. During this time, there have
been particularly encouraging re-
sults with the use of IL-1Ra-expres-
sing cells in rabbits,4 mice5 and rats.6

Based on these successes and the
apparent lack of toxicity in preclini-
cal trials, Evans et al1 carried out a
phase I clinical trial using autologous
rheumatoid arthritis synovial fibro-
blasts (RASF) transfected with IL-
1Ra retrovirus.

This gene therapy approach has
several advantages.1 First, transfer of
injected cells greatly reduces or
eliminates the possibility of germline
transmission due to unwanted trans-
fection of germ cells (Figure 1).
Second, the gene therapy is deliv-
ered ex vivo into the autologous
RASF harvested from the patient to
receive such therapy, allowing simul-
taneous analysis of the cells ex vivo
for high transduction and secretions
of the gene therapy as well as access
of the down-stream biological ef-
fects. This suggests that, with this
combined autologous cell gene ther-
apy and in vitro studies approach, it
is possible to enable the gene therapy
to be tailored to best inhibit proin-
flammatory, synovial hyperprolifera-

tive, or bone erosive properties of
each patient.

However, the key goal of the new
study was to assess the safety of the
ex vivo gene therapy approach: an
issue of paramount importance for
its application in humans.

One safety feature of this phase I
safety trial is that the metacarpo-
phalangeal (MCP) joints that were
receiving therapy were resected for
implant replacement treatment 1
week later, and the transduced cells
were found to be localized at the
surface of the synovium, the syno-
vial lining. This is an ideal location
for the therapeutic cells, since pro-
duction of the therapeutic molecule
at this site of most active disease
should lead to the best therapy with
the lowest systemic side effects. It is
also highly commendable that these
investigators have waited an addi-
tional 5 years before reporting the
results of this phase I safety study
after which time no patient has

developed evidence of transformed
cells elsewhere.

The one potentially worrying re-
sult in this study came from the
patient that received the highest
number of transgenic cells (107 cells).
In this patient, cells that expressed
IL-1Ra were found in an adjacent
control joint. It would be important
to determine if this was due to cross
contamination at the time of injection
or at the time of surgical resection, or
if it was due to migration of cells
from one joint to the other after
injection. In future trials, it will be
possible to insert a suicide gene such
as thymidine kinase into the cell that
can be activated with ganciclovir to
kill transfected cells should they
oversecrete or become transformed,
which should provide an additional
level of safety.7

From a practical standpoint for
local therapy, one should consider
how many joints can be treated with
the approach described by Evans
et al.1 The authors admit that the
autologous cell gene therapy is
costly, labor intensive, and time
consuming. However, RA affects
primarily the small joints of the
hands and feet. It is conceivable that
if a single dose can provide long-
term therapy, and if cell storage and
transfection techniques can be made
more cost efficient, then this therapy
may be applicable especially to RA
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Figure 1 Schematic diagram of the combined ex vivo safety tests and in vivo autologous cell gene
therapy for rheumatoid arthritis (The joint pictures are adapted with permission from the UAB
Arthritis and Musculoskeletal Center website at www.uab.edu).
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patients with limited disease affect-
ing a smaller number of joints.

Somatic gene transfer is a promis-
ing therapeutic strategy, but it may
also evoke new types of side effects
related to genetic damage or trans-
gene activity. The beauty of cell gene
therapy approaches is that they may
allow the genetically engineered
cells to be studied in vitro before
transfer into the patient to ensure
that there is no abnormally sugges-
tive transformation of cells or DNA
damage. It is known that such
changes may only become apparent
much later after in vivo transfer as
with severe combined immune defi-
ciency. Gene therapy was carried out
using the same viral vector back-
bone, MFG, as used in this study, in
which 3/11 children developed leu-
kemia due to the retroviral integra-
tions in the putative oncogene
LMO2.8 If more was known about
the factors that regulate retrovirus
integration, and how this might lead
to transformation in cells, it may be
possible to develop methods for
more specific DNA targeting to pre-
vent such tragic outcomes or at least
warrant more ex vivo safety trials
before the clinical trials are carried
out. In the future, advances in stem
cell technology and therapies may
make it possible to have stem cells
from a patient to be differentiated
into different cells for safe genetic
modification and reimplantation

for highest local effectiveness and
lowest risk.

In addition to safety, a biosensing
system with an inducible transcrip-
tional switch that allows robust but
adjustable transgene expression is
required.9 Inflammation-inducible
promoters are likely candidates to
achieve precise control of transgene
expression by physiologically driven
processes. With such promoters, gene
therapy could enter a new era of tem-
poral control of the therapeutic trans-
gene expression. The ideal expression
system should contain an amplifica-
tion loop for high transgene expres-
sion and a drug-controllable switch to
allow intervention by the physician.
The merging of these modalities may
provide a flexible system to fine-tune
transgene expression, which is a
prerequisite for the implementation
of gene therapy in RA. ’
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