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Considerable evidence accumulated over the past decade has clarified some of the mechanisms of cell-cell interactions
in rheumatoid synovitis and the important roles of IL-1 and TNF-α in inflammation and tissue destruction (1, 2). These
advances in knowledge have led to the development of novel anticytokine therapies for rheumatoid arthritis (RA).
However, in spite of these successes, disagreement remains concerning the relative roles of T cell–dependent versus T
cell–independent mechanisms and of IL-1 versus TNF-α in the initiation and perpetuation of rheumatoid synovitis. Studies
in experimental animal models of inflammatory arthritis have shed some light on these issues in RA, although it is
generally recognized that no animal model is completely equivalent to the human disease. The article by Niki et al. in this
issue of the JCI provides some interesting new findings on effects of IL-1 on synovitis (3) and speaks to some of the
broader questions regarding the cells and cytokines that drive this disease. Arthritis in IL-1α transgenic mice Niki et al. (3)
describe the spontaneous development in IL-1α transgenic mice of inflammatory arthritis with a predominance of
neutrophils and macrophages in the diseased tissue. Patterns of transgene expression may complicate the interpretation
of their findings somewhat. The authors report that five of the seven founders (F0) they generated did not develop arthritis
and, indeed, these animals […]
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Considerable evidence accumulated over
the past decade has clarified some of the
mechanisms of cell-cell interactions in
rheumatoid synovitis and the important
roles of IL-1 and TNF-α in inflamma-
tion and tissue destruction (1, 2). These
advances in knowledge have led to the
development of novel anticytokine ther-
apies for rheumatoid arthritis (RA).
However, in spite of these successes, dis-
agreement remains concerning the rela-
tive roles of T cell–dependent versus 
T cell–independent mechanisms and of
IL-1 versus TNF-α in the initiation and
perpetuation of rheumatoid synovitis.

Studies in experimental animal mod-
els of inflammatory arthritis have shed
some light on these issues in RA,
although it is generally recognized that
no animal model is completely equiva-
lent to the human disease. The article
by Niki et al. in this issue of the JCI pro-
vides some interesting new findings on
effects of IL-1 on synovitis (3) and
speaks to some of the broader ques-
tions regarding the cells and cytokines
that drive this disease.

Arthritis in IL-1α transgenic mice
Niki et al. (3) describe the spontaneous
development in IL-1α transgenic mice of
inflammatory arthritis with a predomi-
nance of neutrophils and macrophages
in the diseased tissue. Patterns of trans-
gene expression may complicate the
interpretation of their findings some-
what. The authors report that five of the
seven founders (F0) they generated did
not develop arthritis and, indeed, these
animals expressed a minimum level of
hIL-1α mRNA or protein. However, in
the two F0 mice that developed arthritis,
many cell types exhibited hIL-1α mRNA
expression, but the protein was pro-
duced predominantly by macrophages
and fibroblast-like synoviocytes. Thus,
the nature of integration of the trans-
gene and the relative cell-type specificity
of translation may have influenced the
resulting phenotype.

The data of Niki et al. (3) suggest that
the bone marrow in hIL-1α transgenic

mice produces increased numbers of
neutrophils and macrophages, with
mature cells found particularly in the
joints. Consistent with the known
stimulatory effects of IL-1 on GM-CSF
production, the authors also observed
increased GM-CSF levels in the serum
and in supernatants of cultured bone
marrow and synovial cell. The effects of
GM-CSF on arthritis in this model may
have been mediated not only through
enhancing hematopoiesis, but also
through the stimulatory effects of this
cytokine on peripheral neutrophils and
monocytes (4). In mice, both collagen-
induced arthritis (CIA) and IL-
1–enhanced, antigen-induced arthritis
are dependent upon GM-CSF, with
effects probably mediated both in the
bone marrow and peripherally (4, 5).
Confirmation that the same is true in
the hIL-1α transgenic mice must await
further studies on cytokine and
chemokine levels in arthritic joints and
on the role of membrane-bound IL-1α
on synovial cells.

This work shows that inflammatory
arthritis in animals may develop in a 
T cell–independent manner and that
antigen-presentation to T cells is not
necessarily required. The role of T cells in
RA remains controversial, and it seems
likely that both T cell–dependent and
–independent mechanisms are present
to variable degrees, both over time in an
individual patient and between patients
(6). T-cell induction of antigen-specific
immune responses is generally consid-
ered to be important in the pathophysi-
ology of RA, although abnormalities in
T-cell homeostasis may also be involved
(7). Contracted T-cell diversity and the
emergence of large clonal T-cell popula-
tions in RA patients may contribute 
to the development of autoimmune
responses (8). However, stimulation of
the innate immune system may not only
shape adaptive immune responses, but
may also lead directly to cytokine release
from dendritic cells and macrophages
and thus to T cell–independent inflam-
mation and tissue destruction (9).

TNF-α, IL-1, and IL-1Ra 
in inflammatory synovitis
The importance of IL-1 and TNF-α in
experimental animal models of
inflammatory arthritis and in RA has
been extensively studied and reviewed
(10). These cytokines both enhance
the migration of cells into the joint
and stimulate matrix metallopro-
teinase production in synovial fibrob-
lasts and chondrocytes. Analysis of the
effects of therapeutic TNF-α blockade
has highlighted the importance for
the successful treatment of RA of
inhibiting cell migration (10). In the
current study, Niki et al. detected high
levels of TNF-α mRNA expression in
the hIL-1α transgenic mice, consistent
with the known stimulatory effects of
IL-1 on TNF-α production (3). Con-
versely, TNF-α is also well known to
stimulate IL-1 production.

IL-1 also plays a key role in rheuma-
toid synovitis, both in experimental
animal models and in RA. Intra-artic-
ular injection of IL-1α or of IL-1β or
local production of IL-1β after gene
transfer to the rabbit joint can induce
an inflammatory arthritis with patho-
logical changes closely resembling
those seen in RA (11, 12). Whereas
inhibition of TNF-α in CIA is primari-
ly anti-inflammatory, IL-1 blockade
more potently prevents destruction of
cartilage and bone in this model (13).
In humans, although the expression of
these inflammatory mediators varies
between patients, macrophages con-
taining IL-1 predominate at the carti-
lage-pannus junction in early RA, and
TNF-α–containing cells are relatively
scarce (14). Moreover, recent studies
on RA synovia, which used immuno-
histochemistry to detect cytokine-pro-
ducing rather than cytokine-binding
cells, demonstrated prominent stain-
ing for IL-1β in macrophages and
fibroblasts and for IL-1α in vascular
endothelial cells, but relatively sparse
staining for TNF-α (15). The clinical
efficacy of anti–TNF-α therapies in
RA, observed in only a subset of
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patients, may be related to the relative
ease of inhibition due to the low and
variable levels of TNF-α present. How-
ever, RA appears to be different from
CIA, as TNF-α blockade in the human
disease clearly prevents destruction of
cartilage and bone (16, 17).

An imbalance between IL-1 and its
naturally occurring inhibitor IL-1Ra
may also predispose to inflammatory
arthritis (18). Thus, the incidence and
severity of CIA are significantly reduced
in IL-1Ra transgenic mice and increased
in IL-1Ra knockout mice (19). The
spontaneous RA-like disease seen in 
IL-1Ra knockout mice bred on the
BALB/cA background is accompanied
by an overexpression of IL-1β, IL-6, and
TNF-α in the joints (20). Since IL-1 can
induce synthesis of all of these
cytokines, it appears that physiological
levels of IL-1Ra may regulate their
excess production. It would be interest-
ing to know the levels of IL-1Ra in the
joints of the hIL-1α transgenic mice in
the studies by Niki et al., since IL-1 also
can induce production of IL-1Ra (3).
The presence of a great excess of IL-1,
either membrane-bound or secreted,
over IL-1Ra in the synovium of these
mice would further support the con-
cept that an imbalance in this system
predisposes to disease.

Conclusions
The observations that IL-1 and TNF-α
are important mediators of inflamma-
tion and tissue destruction in RA have
led to the development of successful

treatments for this disease. However,
many questions remain unanswered.
How does this disease process begin
and what transforms a relatively mild
synovitis into a chronic, destructive
lesion? What mechanisms are responsi-
ble for stimulating IL-1 and TNF-α
production in the rheumatoid synovi-
um, and why is the relative level of pro-
duction of IL-1Ra by synovial
macrophages inadequate? What is the
importance of other cytokines in RA
such as IL-6, IL-8, IL-12, IL-15, IL-17,
and IL-18, and will inhibition of these
cytokines either alone or in combina-
tion with blockade of IL-1 or TNF-α
offer greater therapeutic efficacy and
safety? A greater understanding of the
contributions of the innate and adap-
tive immune systems in RA may lead to
the development of more specific and
effective therapeutic approaches.
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