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Evaluation of: van Mierlo GJ, Scherer HU, Hameetman M et al.: Cutting edge: 
TNFR-shedding by CD4+CD25+ regulatory T cells inhibits the induction of 
inflammatory mediators. J. Immunol. 180(5), 2747–2751 (2008). Regulatory T cells 
(Tregs) of both human and murine origin were shown to express and shed significant 
amounts of TNF receptor 2. This is important new information as the shed soluble TNF 
receptor 2 binds TNF, which may explain the direct anti-inflammatory effects of Tregs. This 
adds to our current understanding of the various effects that Tregs may exert in order to 
dampen inflammation and autoimmunity. However, the interplay of these various Treg 
effects will need to be elucidated, particularly when considering their potential 
therapeutic use.

While it has become clear in recent years that
regulatory T cells (Tregs) play a major role in
controlling inflammation, the mechanisms by
which Tregs exert such control are not yet suffi-
ciently understood [1]. Among the established
mechanisms are the production of anti-inflam-
matory cytokines, TGF-β and IL-10 in particu-
lar, as well as cell contact-mediated events.
However, there are arguments for a more direct
anti-inflammatory effect of these cells that have
yet to be explained.

In the Cutting Edge section of the Journal of
Immunology, a group of scientists from the
Department of Rheumatology at the University
of Leiden, The Netherlands, have published
findings that may explain such an effect [2]. For
both murine and human Tregs, they were able
to show that large quantities of soluble TNF
receptor 2 (sTNF-R2) are produced and shed
upon stimulation of their T-cell receptors.
Indeed, the authors demonstrated that Tregs
were much more efficient in producing
sTNF-R2 than were effector T cells. 

TNF & its receptors
TNF is a strong proinflammatory mediator that
is implicated in almost all inflammatory dis-
eases. TNF is produced as a transmembrane tri-
meric cytokine that can be shed by the enzyme
TACE and then acts as a soluble trimer [3]. Both
transmembrane TNF and sTNF can bind to
either of two other trimeric receptors, TNF-R1
and TNF-R2, leading to activation of the
NF-κB and MAPK pathways. Among a variety
of other effects, these pathways induce the
translation of IL-1, IL-6 and IL-18, fostering
an inflammatory response.

Like TNF, both of the TNF-Rs can be enzy-
matically shed from the cell surface. However,
in contrast to the cytokine, where the shed
cytokine receptors break into monomers and
therefore lose their signaling properties,
sTNF-Rs can bind TNF and block it from
binding membrane-bound TNF-Rs, thus acting
as negative regulators.

Findings from the study
The Dutch group noted that Tregs express high
amounts of TNF-R2 on their surfaces [2]. Inves-
tigating this in more detail, they also found
increased amounts of sTNF-R2 in their super-
natants, reaching more than 5000 pg/ml over
6 days when cells were cultured in the presence
of IL-2 on plates providing T-cell activation
(anti-CD3 antibody) and costimulation (anti-
CD28 antibody). Supernatants of Tregs, but
not of TNF-R2-deficient bona fide Tregs, pro-
tected cells against TNF-induced cell death. In
a more complex in vivo experiment, TNF
blockade with etanercept, or the transfer of
Tregs, but not the transfer of TNF-R2-defi-
cient Tregs, reduced lipopolysaccharide-induced
IL-6 production. 

The authors then went on to investigate the
subset of human CD4+CD25 bright cells, which
mostly consists of Tregs. As for the murine Tregs,
these cells showed high surface expression of
TNF-R2 and shed large amounts of sTNF-R2.
Again, this was much less pronounced for effec-
tor T cells. When marimastat, a metalloprotein-
ase inhibitor, was added, TNF-R2 shedding was
prevented, as expected, and surface TNF-R2
increased considerably. Taken together, these
results show convincing evidence that both
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murine and human Tregs produce and shed large
amounts of TNF-R2, which are actually able to
reduce TNF-induced effects, and TNF-induced
inflammation in particular. 

Impact on understanding of regulatory 
T-cell function
While sTNF-Rs bind TNF, and thus prevent
the cytokine binding transmembrane TNF-Rs,
it is important to stress that this will neither
block TNF activity completely, nor remove
TNF from the body in significant amounts. In
fact, the binding affinity of the sTNF-R mono-
mers is quite low compared with the trimeric
receptors, and much lower still than that of the
hybrid molecule etanercept, which targets TNF
with two monomers and thus achieves a much
higher binding affinity.

Therefore, TNF blockade by sTNF-Rs is a
temporary event that does not eliminate TNF.
Indeed, it can be shown that TNF is still bio-
active despite the presence of huge amounts of
sTNF-Rs. For example, in sera of patients with
systemic lupus erythematosus (SLE), the increase
in sTNF-Rs by far exceeds the increase in TNF,
but TNF still exhibits essentially undiminished
activity [4]. Accordingly, sTNF-Rs, dilute rather
than eliminate, TNF, and this perfectly fits our
understanding of Tregs. 

After all, Tregs act locally, in the inflamed tis-
sue and the regional lymph nodes, rather than
exerting downmodulatory effects throughout the
body. The high amounts of sTNF-R2 shed by
Tregs will be able to dilute very high concentra-
tions of TNF in local areas and thus protect
against tissue damage and uncontrolled inflam-
mation. In this high-concentration area, there
will be some bystander benefit. However, the
bound TNF will not be entirely blocked, but
will be set free later, and may thus exert some-
what different effects slightly away from the
focus of TNF production. 

The novel findings are also in keeping with
other features of Tregs. TNF-R2 expression and
shedding took several days in the presented
experiments. Tregs, like other T cells, need to
be activated via their T-cell receptors, and
require costimulation and survival factors.
Whereas the sTNF-R2 production of effector
T cells reached a maximum after 3–4 days of
stimulation, Treg-derived sTNF-R2 further
increased over at least 6 days. This will lead to a
pronounced local increase in sTNF-R2 several
days after onset, thus setting a timeline for the
inflammatory reaction.

It is also interesting that Tregs almost exclu-
sively produced TNF-R2 and shed sTNF-R2,
whereas no sTNF-R1 could be found in super-
natants. Moreover, the protective effects were
completely prevented in TNF-R2-deficient cells,
further supporting such a notion [2]. At the
present time, any answers to why only TNF-R2
is produced are speculative at best. However,
there is some circumstantial evidence that may
be relevant.

On one hand, it is clear that any cell that is
able to shed sTNF-Rs will have the same recep-
tors as functioning surface receptors first, if only
for a very short time. TNF-R1 mediates pro-
apoptotic signals, particularly under circum-
stances of high TNF concentrations and on cells
not protected by previous activation. Such
TNF-R1 signaling may be dangerous for Tregs
migrating into an inflamed area to dampen
inflammation in that they might not live long
enough to act, and may therefore be better off
being devoid of TNF-R1.

On the other hand, while TNF-R1 binds
TNF only, TNF-R2 (but not TNF-R1) is bound
by lymphotoxin-α, another cytokine that could
theoretically play more of a role in local inflam-
mation than we can prove at present. One hint
in this direction is the effect of the
TNF-R2–immunoglobulin molecule etanercept
on TNF-R-associated periodic syndrome, an
autosomal-dominant autoinflammatory disease
caused by mutations in TNF-R1 [5]. 

The Dutch findings may also shed a some-
what different light on the high levels of
sTNF-Rs found in some systemic autoimmune
diseases, and in SLE in particular. These levels
are highly correlated with TNF and with SLE
disease activity, and may even be a sensible bio-
marker for SLE activity, since measuring
sTNF-R2 is relatively simple. These new find-
ings may now actually indicate that, rather than
being a direct consequence of the ongoing
inflammation, increased sTNF-R2 may be an
expression of counter-regulation, insufficient as
it may be. 

Finally, the apparent fact that Tregs produce
soluble receptors that may, at least locally, block
TNF, also renders our understanding of immu-
nology more complex. Whereas anti-TNF mea-
sures are of obvious clinical benefit in
dampening inflammation, they are not usually
helpful against autoimmunity. Rather, thera-
peutic TNF blockade in autoimmune diseases
apparently fosters antinuclear and antiphospho-
lipid autoantibody production [6], and increases
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such autoantibodies in SLE [7]. Moreover, as has
been known for some time, there are impressive
murine data on the autoimmunogenic effects of
TNF deficiency [8]. 

There are several explanations for this pheno-
menon, including apoptosis of cells by survival-
factor withdrawal, removal of the functional
blockade of T-cell receptors effected by chronic
TNF exposure, and increased IFN-α production
when its counterplayer, TNF, is removed [9].
Some of these mechanisms may also be relevant,
alone or in combination, for the newly found
anti-TNF effects of Tregs. 

Under some circumstances, this could theo-
retically increase the risk of autoimmunity, if
not counterbalanced by other functions of
Tregs. In the much more common case of an
adequate response against a pathogen, this
effect could be important for enabling the
adaptive immune system to mount a protective
response. However, the same mechanisms may
also facilitate the activation of further Tregs,
and protect them against the harmful effects of
high TNF concentrations.

Conclusion
We now know that, in addition to other key
functions, Tregs exert short-term blockade and
thus spatial dilution of TNF, and do so by
shedding sTNF-R2 following activation. This
has important implications for their function
both in immunity and autoimmunity, many of
which have yet to be understood in detail. In
this sense, like most good research papers, the

manuscript by René Toes’ group answers one
question, but leaves us with many more
open ones. 

Future perspective
While several important mechanisms of Treg
function have now been elucidated, it is unclear
whether there is more to come, and some of the
mechanisms implied have to be understood in
more detail. It may be even more important,
however, to understand how these mechanisms
come together. Do all Tregs have all the afore-
mentioned anti-inflammatory effects, or are
there different subtypes of regulatory cells that
have different roles – some that make TGF, some
that shed TNF-R2, and so on? Does the mode of
action depend on the situation, or are all down-
modulating mechanisms employed at the same
time? This is even more relevant when consider-
ing the potential therapeutic use of Tregs in
human disease. After all, the discussed article
does imply that Tregs could be helpful in any
disease with pronounced local inflammation. 
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Executive summary

Findings from the study

• Regulatory T cells (Tregs) shed soluble TNF receptor 2. 
• Both murine and human Tregs produced large amounts of TNF-blocking soluble TNF receptor.
• Specificity was shown in TNF receptor 2-deficient cells.

Impact on understanding of regulatory T-cell function

• So far, cell contact-mediated effects and anti-inflammatory cytokines (TGFβ, IL-10) are known.
• The new findings now show local TNF blockade in addition to this.

Conclusion

• Tregs directly block local TNF, thus effecting anti-inflammatory effects.
• This may have distinct implications for inflammation and autoimmunity. 

Future perspective

• Interplay between various effects of Tregs has to be analyzed in detail.
• Local TNF blockade may make Tregs attractive for dampening local inflammation.



234

PRIORITY PAPER EVALUATION – Aringer 

Future Rheumatol. (2008)  3(3) future science groupfuture science group

Bibliography
1. Stephens GL, Shevach EM: Foxp3+ 

regulatory T cells: selfishness under scrutiny. 
Immunity 27(3), 417–419 (2007).

2. van Mierlo GJ, Scherer HU, Hameetman M 
et al.: Cutting edge: TNFR-shedding by 
CD4+CD25+ regulatory T cells inhibits the 
induction of inflammatory mediators. 
J. Immunol. 180(5), 2747–2751 (2008).

3. Chan FK: Three is better than one: 
pre-ligand receptor assembly in the 
regulation of TNF receptor signaling. 
Cytokine 37(2), 101–107 (2007).

4. Aringer M, Feierl E, Steiner G et al.: 
Increased bioactive TNF in human systemic 
lupus erythematosus: associations with cell 
death. Lupus 11(2), 102–108 (2002).

5. McDermott MF, Aksentijevich I, Galon J 
et al.: Germline mutations in the 
extracellular domains of the 55 kDa TNF 

receptor, TNFR1, define a family of 
dominantly inherited autoinflammatory 
syndromes. Cell 97(1), 133–144 (1999).

6. Charles PJ, Smeenk RJ, de Jong J, 
Feldmann M, Maini RN: Assessment of 
antibodies to double-stranded DNA 
induced in rheumatoid arthritis patients 
following treatment with infliximab, a 
monoclonal antibody to tumor necrosis 
factor α: findings in open-label and 
randomized placebo-controlled trials. 
Arthritis Rheum. 43(11), 2383–2390 
(2000).

7. Aringer M, Steiner G, Graninger WB, 
Hofler E, Steiner CW, Smolen JS: 
Effects of short-term infliximab therapy on 
autoantibodies in systemic lupus 
erythematosus. Arthritis Rheum. 56(1), 
274–279 (2007).

8. Jacob CO, McDevitt HO: Tumour necrosis 
factor-α in murine autoimmune ‘lupus’ 
nephritis. Nature 331(6154), 356–358 
(1988).

9. Aringer M, Smolen JS: The role of tumor 
necrosis factor-α in systemic lupus 
erythematosus. Arthritis Res. Ther. 10(1), 
202 (2008).

Affiliation
• Martin Aringer

Technical University of Dresden, Division of 
Rheumatology, Department of Medicine III, 
University Clinical Center Carl Gustav Carus, 
Fetscherstrasse 74, 01307 Dresden, Germany
Tel.: +49 351 458 4422
Fax: +49 351 458 5801
martin.aringer@uniklinikum-dresden.de


