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Inhibition of TNF in rheumatoid arthri-
tis (RA) is proving efficacious for a large
number of patients (1). Despite this excit-
ing outcome, however, there is still little
knowledge of the actual biology that is
targeted by this therapy. Potential effector
activities of TNF that may be relevant to
the observed therapeutic impact are
numerous and include its well-known
proinflammatory activities, the potential
activating effects it may have on impor-
tant cell types (e.g., macrophages or syn-
oviocytes), and its functions in shaping
innate and adaptive immunity (2). TNF is
usually overproduced in chronic inflam-
matory/autoimmune diseases, such as
RA and multiple sclerosis (MS), and this
overproduction leads to strikingly similar
pathologies when reproduced in trans-
genic animal models (see ref. 2 and refer-
ences therein). Moreover, pharmacologi-
cal inhibition of TNF in collagen-induced
arthritis (CIA) and experimental autoim-
mune encephalomyelitis (EAE), autoim-
mune animal models for RA and MS,
respectively, has yielded encouraging
results. These notions led the way to the
use of anti-TNF therapies in the clinic.
Surprisingly, however, systemic blockade
of TNF in MS patients led to immune
activation and increased disease activity
(3, 4). Further insight into the mecha-
nisms of TNF function is therefore
required, and more work with the animal
models is necessary.

The role of TNF in the induction 
of autoimmune disease
In this issue of the JCI, Campbell and col-
leagues revisit the role TNF may play in
the induction of autoimmune arthritis
(5). They show that following immuniza-
tion with type II collagen, TNF-deficient
mice develop severe inflammatory arthri-
tis and, interestingly, lymphadenopathy
as well. Although the two phenotypes
appear unrelated, they provide addition-

al insights into the potential function of
TNF in autoimmunity and autoimmune
disease. The finding that TNF is not an
absolute requirement for the induction
of organ-specific autoimmune disease is
not unprecedented. In earlier studies, p55
TNF receptor–deficient (p55 TNFR–defi-
cient) mice were found to develop CIA
with a low incidence and in a milder form
(6). Similarly, TNF-deficient mice are not
protected against EAE, although onset of
disease is consistently delayed (ref. 2 and
references therein). It appears, therefore,
that TNF is generally dispensable in the
induction of organ-specific autoimmune
disease, although it clearly contributes.
The theme that emerges is that TNF is
important (and therefore anti-TNF ther-
apy would be effective) only during cer-
tain phases of disease induction. Such
indications from the CIA model may also
provide clues as to why a good percent-
age of the human RA patients receiving
anti-TNF treatments show limited or no
response to the drug.

Other properties of TNF, such as reg-
ulation of antibody responses (7), may
also be important in the CIA model.
Collagen-specific humoral and cellular
responses are perhaps the most relevant
factors in CIA, and interestingly, Camp-
bell and his colleagues demonstrate that
inability of TNF-deficient mice to sus-
tain the anti-collagen IgG response cor-
relates well with the overall reduced dis-
ease in these mice (5). The arthritogenic
mechanisms operating in the absence of
TNF in the CIA model (or in the nonre-
sponding patients) are not completely
understood and should be targeted in
future investigations.

Dual and opposing roles for TNF 
in chronic autoimmune disease
The data by Campbell et al. (5) also add
to the emerging concept that TNF may
not only be dispensable for the progres-

sion of disease caused by an organ-spe-
cific T cell response, but that it may actu-
ally inhibit it. An immune-suppressive
role for TNF has been proposed in sever-
al models of systemic (ref. 8 and refer-
ences therein) and organ-specific autoim-
mune diseases (8, 9). A dual role for TNF
in EAE has recently being revealed direct-
ly in TNF-deficient mice (10). Despite
being clearly proinflammatory during
disease initiation, TNF exhibited potent
immune- and disease-suppressive prop-
erties at later stages of the disease, which
provided also an explanation for the dis-
ease-aggravating outcome of anti-TNF
therapy of MS. Interestingly, in the study
by Campbell et al. (5), collagen-specific T
cells from TNF-deficient mice retained
their proliferative capacity in vitro and
produced significantly higher amounts
of IFN-γ. Enhanced IFN-γ production in
TNF-deficient mice could indicate a lack
of collagen-specific T cell regulation or
altered polarization. However, joint dis-
ease at the time point studied, 60 days
after immunization, was milder in TNF-
deficient mice. It is therefore important
to analyze in detail the effect of TNF defi-
ciency on the collagen-specific T cell
response and to determine the course of
disease in these mice for prolonged peri-
ods of time, which would more accurate-
ly reflect the chronicity of human RA.

Potential advantages of 
anti–p55 TNFR therapies
Enhanced and prolonged T cell reactiv-
ity in TNF-deficient mice may be
explained in several ways. One possibil-
ity is that the absence of TNF signaling
interferes with apoptosis of activated T
cells. Indeed, T cell apoptosis is
impaired in mice lacking the p55 TNFR
(11), perhaps accounting for the lym-
phadenopathy reported by Campbell et
al. (5) and the observed accumulation
of T cells with an activated/memory
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phenotype (CD44hi CD45RBlo CD4+).
In fact, increased numbers of these T
cells can be found even in unmanipu-
lated TNF- or p55 TNFR–deficient
mice (10, 12), probably reflecting a
response to environmental antigens —
an effect that may therefore vary
depending on housing conditions.
These numbers increase upon immu-
nization, although we have not
observed overt lymphadenopathy in
TNF-deficient mice immunized with
myelin antigens. In any case, these accu-
mulating T cells include many
mycobacteria-specific T cells and
should not be directly linked to autoim-
mune disease progression. In the study
by Campbell et al. (5), there was no cor-
relation between arthritis and lympho-
proliferative disease in TNF-deficient
mice. Impaired p55 TNFR–dependent
T cell apoptosis may contribute to a
general immune-suppressive function
of TNF, but it does not seem to be
directly pathogenic. Furthermore,
despite impaired T cell apoptosis, mice
lacking the p55 TNFR do not exhibit
enhanced self-reactivity to the extent
seen in TNF or double p55/p75
TNFR–deficient mice, nor do they
develop autoimmune disease (10).
Therefore, lack of p55 TNFR–mediated
apoptosis cannot fully account for the
abnormally enhanced pathogenic self-
reactivity in TNF-deficient mice (10).

Together these findings suggest that
TNF exerts additional immune-suppres-
sive properties independently of the 
p55 TNFR. If so, given that this receptor
mediates most, if not all, of the proin-
flammatory activities of TNF in EAE (10,
13) and CIA (6), these findings may reveal
an unforeseen opportunity for immune
intervention. Conceivably, blocking the
p55 TNFR instead of TNF in organ-spe-
cific autoimmunity may prove advanta-
geous, since it may inhibit the deleterious
proinflammatory and tissue damaging
activities of TNF without compromising
its immune-suppressive properties.
Therefore, whether the p55 TNFR–inde-
pendent immune-suppressive function
of TNF on myelin-reactivity (10) also
operates in collagen-reactivity or in other
organ-specific autoimmune conditions
emerges as a pressing question whose
answer could inspire a fundamental
change in the design of TNF/TNFR
modulating therapies for human
autoimmune disease.
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