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Antigen-specific lymphocytes are involved in synovial proliferation within inflamed joints. Activated lymphocytes and
synoviocytes from patients with rheumatoid arthritis express receptors that can bind TNF-related apoptosis-inducing
ligand (TRAIL). A new study demonstrates that DCs pulsed with collagen and transduced with an adenovirus-based
vector able to express TRAIL limit the incidence of arthritis in a model of collagen-induced arthritis and joint inflammation.
These results suggest that gene-modified cell therapy represents a therapeutic option for systemic rheumatic diseases.
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Antigen-specific lymphocytes are involved in synovial proliferation with-
in inflamed joints. Activated lymphocytes and synoviocytes from patients
with rheumatoid arthritis express receptors that can bind TNF-related
apoptosis-inducing ligand (TRAIL). A new study demonstrates that DCs
pulsed with collagen and transduced with an adenovirus-based vector
able to express TRAIL limit the incidence of arthritis in a model of colla-
gen-induced arthritis and joint inflammation (see the related article
beginning on page 1332). These results suggest that gene-modified cell
therapy represents a therapeutic option for systemic rheumatic diseases.
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TNF-related apoptosis-inducing ligand
(TRAIL) is a type II transmembrane
protein that belongs to the TNF super-
family. It binds to death receptors
(DRs) 4 and 5, two decoy receptors, and
a soluble receptor called osteoprote-
gerin. The TRAIL signaling pathway
was identified recently, and it has gen-
erated a great deal of interest since
TRAIL induces apoptosis preferential-
ly in tumor but not in normal cells,
thus providing exciting opportunities
for development of novel therapeutic
strategies in cancer. TRAIL, like FasL,
induces apoptosis by cross-linking and
oligomerizing its receptors and form-
ing a death-inducing signaling com-

plex through recruitment of an adapter
molecule and the initiator caspase-8
and subsequent mitochondria-depend-
ent or -independent activation of the
downstream effector caspase-3. Resis-
tance of tumor cells to TRAIL has been
associated either with low expression
of its receptors or with defects in the
downstream signaling (1).

Rheumatoid arthritis is a chronic
inflammatory disorder that affects up
to 1% of the population. The exact ori-
gin and pathogenesis of the disease are
still unknown, and numerous disease-
modifying drugs and biologics have
been tested. There is a significant need
for increased efficacy and safety of
these agents (2).

TRAIL controls negative selection 
of T cells in the thymus
Recent reports have claimed a central
role for TRAIL in thymocyte selection.
TRAIL–/– mice have larger thymi, and
immature CD4+CD8+ cells expressing
high levels of heat-stable antigen are
resistant to anti-CD3 antibody–medi-
ated cell death. Similarly, TRAIL–/–

mice fail to reduce ovalbumin-specif-
ic cells following exposure to ovalbu-

min. Both experiments clearly show
that TRAIL is essential for negative
selection of T cells in the thymus (3).
In vitro, TRAIL blockade enhances the
accumulation of concanavalin-stimu-
lated spleen T cells into the S-G2/M
cell cycle phase, supporting that
TRAIL is important in the control of
the lymphocyte cell cycle (4).

TRAIL suppresses the development
of arthritis
TRAIL–/– mice are sensitive to the devel-
opment of collagen-induced arthritis,
probably because they fail to delete rel-
evant T cell specificities and because
they fail to properly silence activated T
cells (3). As predicted, blockade of
TRAIL with soluble DR5 administered
systemically exacerbates arthritis,
whereas direct transfer of a nonreplica-
tive adenovirus expressing TRAIL into
the joints of arthritic mice reduces
arthritis (4). Injection of a TRAIL-
expressing adenovirus into IL-1β–
induced arthritic joints also signifi-
cantly limits synovial proliferation (5).

An anti–TRAIL receptor antibody
has been shown to be quite effective in
treating bone-erosive disease in a
model that involves transfer of
fibrosarcoma cells into mice (6). How-
ever, antibodies to DRs, including
those against CD95, may be associated
with hepatotoxicity (7, 8), precluding
their use in the treatment of tumors
and autoimmune diseases.

Collagen-pulsed TRAIL-expressing
DCs suppress arthritis
In this issue of the JCI, Liu et al. (9)
report suppression of collagen-induced
arthritis using DCs pulsed with colla-
gen and transfected with an aden-
ovirus-based vector expressing the
TRAIL gene under the control of the
doxycycline-inducible (DOX-inducible)
tetracycline response element. The sys-
tem offered two novel features: DCs
were primed to recognize collagen-spe-
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cific T cells and to express TRAIL only
when the expression vector was acti-
vated with DOX (Figure 1a). The extent
of joint inflammation, measured as
arthritic score, was limited significant-
ly in the group of mice that received
collagen-treated DCs expressing DOX-
controlled TRAIL (Figure 1, b and c).
The authors also found that adminis-
tration of non–collagen-primed TRAIL-
expressing DCs only delayed the
appearance of arthritis and mildly
reduced the arthritic score, a result that
underlines the importance of antigen
specificity. It was assumed that the
response to other antigens was not
affected; however, this was not tested.
If antigen-pulsed TRAIL-expressing
DCs also kill T cells specific for other
antigens, then it is possible that ongo-
ing immune responses, directed
against, for example, the influenza
virus, may be suppressed and silenced
infections such as tuberculosis may
flare. Anti-TNF treatment of patients

with rheumatoid arthritis has been
complicated by tuberculosis (2). This
possible effect on ongoing immune
responses can be projected from the
fact that treatment with non–collagen-
pulsed TRAIL-expressing DCs still had
some beneficial effect on the degree of
arthritis development.

Can TRAIL-expressing DCs 
be used in the treatment 
of rheumatoid arthritis?
Synovial cells from patients with
osteoarthritis express practically unde-
tectable levels of DR5, whereas syn-
ovial cells from patients with rheuma-
toid arthritis express abundant levels
of this receptor (6). Primary synovial
cells from patients with rheumatoid
arthritis succumb to TRAIL-mediated
apoptosis if infected with a TRAIL-
expressing vector (5). The study by Liu
et al. (9) does not address the localiza-
tion of the infused modified DCs,
although there is no doubt that these

cells trafficked though the lymphoid
organs and the inflamed tissues. Also,
it is not known how long these DCs
survived, and it is logical to assume
that their half-life should be limited. If
this novel delivery system is to be intro-
duced for the treatment of rheumatoid
arthritis, researchers will have to con-
sider whether DCs should be addition-
ally modified to limit their presence in
the inflamed synovium. Synoviocytes
may express molecules such as the
newly described synoviolin, which
helps with their identification (10).
Finally, it is likely that more than one
autoantigen is involved in human
rheumatoid arthritis, and therefore the
choice of the appropriate antigen(s)
with which to pulse DCs may present
additional challenges.

Gene-modified DCs 
as therapeutic tools
DCs represent the immunologist’s
dream cell, as they are able (a) to drive
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Figure 1
Gene-modified cell therapy in arthritis. (a) DCs prepared from either the peripheral blood or the bone marrow are pulsed with collagen
type II (CII) and transfected with an adenovirus expressing TRAIL (AdTRAIL) to produce CII-DC-AdTRAIL-DOX. (b) Injection of CII into
mice leads to a cascade of events that include lymphocyte activation, lymphokine production followed by synovial cell proliferation, and
joint inflammation. (c) Infusion of DOX-inducible TRAIL-expressing DCs pulsed with CII suppresses collagen-induced arthritis (CIA) by
eliminating CII-specific T cells.



The Journal of Clinical Investigation | November 2003 | Volume 112 | Number 9 1317

a Th1 or Th2 immune response (11),
(b) to propagate an autoimmune
response (12), and (c) to terminate the
autoimmune response and re-estab-
lish tolerance (11). Genetically modi-
fied DCs have already been exploited
therapeutically. DCs expressing FasL
have been shown to increase survival
of virally infected CNS cells by reduc-
ing antiviral CD8+ cells, suggesting
that FasL-expressing DCs can control
excessive tissue-damaging inflamma-
tion (13). Gene-modified DCs have also
been used to control tumor growth
(14). Recently, DCs have been used
extensively in the treatment of autoim-
mune diseases with the hope of revers-
ing established pathologic processes.
DCs deficient in NF-κB, following
treatment with oligonucleotides, have
been shown to prevent diabetes in
NOD mice (15), and DCs infected with
an IL-4–expressing adenovirus have
been shown to traffic to the inflamed
pancreas of NOD mice and suppress
disease (16).

Gene-modified T cell therapy in
systemic autoimmune disease
Correction of biochemical defects by
means of gene transfer can be enter-
tained to extend cell therapy to other
autoimmune diseases. T cells from
patients with systemic lupus erythe-
matosus have decreased levels of T cell
receptor ζ chain, which has been
replaced by the common γ chain of
the Fc receptors, which is responsible
for hyperresponsiveness to CD3-medi-
ated stimulation. Also, they express
increased levels of the repressor cAMP
response element modulator (CREM),
which is responsible for the reduced
production of IL-2 (17). Forced
expression of ζ chain into T cells
restores normal responsiveness (18),
and elimination of CREM by anti-
sense technology has been shown to
restore IL-2 production (19).

Gene therapy and gene-modified
cell therapy are intensely studied in
preclinical research and may soon be
ready for clinical trials (20, 21). How
should the results reported by Liu et
al. (9) be translated to patients with
rheumatoid arthritis? Will a trial
using Ig-TRAIL be informative? Our
discussion suggests that activated T
cells and synovial cells will be forced
by TRAIL-expressing DCs to apop-
tose and that some clinical effect
should therefore be observed. Will
infusion of TRAIL-expressing DCs
also eliminate cells that control latent
infections? Should we use an Ig-
TRAIL conjugate or TRAIL conjugat-
ed to an arthritogenic antigen(s)?
Should nonviral, nonreplicative
TRAIL-expressing vectors be injected
into inflamed joints? Or should we
infuse patients with DCs modified to
express TRAIL? Despite recent ad-
vances in the treatment of rheuma-
toid arthritis, significant challenges
remain that call for the development
of more efficient treatments that lack
side effects. The data presented by Liu
et al. (9) offer new possibilities for
cell-based treatment of patients with
rheumatoid arthritis, provided we use
the culprit autoantigens to provide
specificity and solve problems inher-
ent in gene transfer.
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