J c I The Journal of Clinical Investigation

Can TNF-a boost regulatory T cells?

Angelina M. Bilate, Juan J. Lafaille

J Clin Invest. 2010;120(12):4190-4192. https://doi.org/10.1172/JC145262.

Deleterious immune responses that cause autoimmune diseases such as type 1 diabetes are normally kept in check by a

myriad of mechanisms. Among these, protection mediated by CD4*Foxp3* Tregs constitutes an essential pathway. Much
work over the past decade aimed to understand how Tregs affect immune responses triggered by effector T cells (Teffs),

but less is known about how Teffs affect Tregs. In this issue of the JCI, Grinberg-Bleyer et al. report the clearest example
thus far regarding this important aspect of Treg biology. They find that in mice, sustained protection from diabetes by
Tregs is dependent on Teffs and partially dependent on TNF-¢, a cytokine traditionally considered proinflammatory.

Find the latest version:

https://jci.me/45262/pdf



http://www.jci.org
http://www.jci.org/120/12?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI45262
http://www.jci.org/tags/44?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/45262/pdf
https://jci.me/45262/pdf?utm_content=qrcode

commentaries

6. Nicolas G, et al. Constitutive hepcidin expression
prevents iron overload in a mouse model of hemo-
chromatosis. Nat Genet. 2003;34(1):97-101.

7.Moran-Jiménez M, et al. Hepcidin treatment in Hfe
-/~ mice diminishes plasma iron without affecting
erythropoiesis. Eur ] Clin Invest. 2010;40(6):511-517.

8.Sasu BJ, et al. Antihepcidin antibody treatment
modulates iron metabolism and is effective in a
mouse model of inflammation-induced anemia.
Blood. 2010;115(17):3616-3624.

9. Hashizume M, Uchiyama Y, Horai N, Tomosugi N,
Mihara M. Tocilizumab, a humanized anti-interleu-
kin-6 receptor antibody, improved anemia in mon-
key arthritis by suppressing IL-6-induced hepcidin
production. Rheumatol Int. 2010;30(7):917-923.

10. Song SJ, Tomosugi N, Kawabata H, Ishikawa T,
Nishikawa T, Yoshizaki K. 2010. Downregulation
of hepcidin resulting from long-term treatment
with an anti-IL-6 receptor antibody (tocilizumab)

improves anemia of inflammation in multicen-
tric Castleman’s disease (MCD) [published online
ahead of print July 19, 2010]. Blood. doi: 10.1182/
blood-2010-03-271791.

11. Fatih N, etal. Natural and synthetic STAT3 inhibitors
reduce hepcidin expression in differentiated mouse
hepatocytes expressing the active phosphorylated
STAT3 form. ] Mol Med. 2010;88(5):477-486.

12. Chung B, Matak P, McKie AT, Sharp P. Leptin
increases the expression of the iron regulatory hor-
mone hepcidin in HuH7 human hepatoma cells.
J Nutr.2007;137(11):2366-2370.

13. Kanda J, Uchiyama T, Tomosugi N, Higuchi M, Uchi-
yama T, Kawabata H. Oncostatin M and leukemia
inhibitory factor increase hepcidin expression in hepa-
toma cell lines. Int | Hematol. 2009;90(5):545-552.

14. Chung B, Verdier F,Matak P, Deschemin J, Mayeux P,
Vaulont S. Oncostatin M is a potent inducer of hep-
cidin, the iron regulatory hormone. FASEB . 2010;

24(6):2093-2103.

15. Tanno T, Miller JL. Iron loading and overloading
due to ineffective erythropoiesis. Adv Hematol. 2010;
2010:358283.

16.Yu PB, et al. Dorsomorphin inhibits BMP signals
required for embryogenesis and iron metabolism.
Nat Chem Biol. 2008;4(1):33-41.

17. Lee D, et al. Neogenin inhibits HJV secretion and
regulates BMP-induced hepcidin expression and
iron homeostasis. Blood. 2010;115(15):3136-3145.

18. Nili M, Shinde U, Rotwein P. Soluble RGMc/hemo-
juvelin is a broad spectrum BMP antagonist and
inhibits both BMP2- and BMP6-mediated signal-
ing and gene expression [published online ahead
of print June 8, 2010]. ] Biol Chem. doi: 10.1074/jbc.
M110.130286.

19. Wang R, et al. A role of SMAD4 in iron metabolism
through the positive regulation of hepcidin expres-
sion. Cell Metab. 2005;2(6):399-409.

Can TNF-a boost regulatory T cells?

Angelina M. Bilate and Juan J. Lafaille

Molecular Pathogenesis Program, Kimmel Center for Biology and Medicine at the Skirball Institute,
Department of Pathology, New York University School of Medicine, New York, New York, USA.

Deleterious immune responses that cause autoimmune diseases such as type 1
diabetes are normally kept in check by a myriad of mechanisms. Among
these, protection mediated by CD4*Foxp3* Tregs constitutes an essential
pathway. Much work over the past decade aimed to understand how Tregs
affect immune responses triggered by effector T cells (Teffs), but less is
known about how Teffs affect Tregs. In this issue of the JCI, Grinberg-Bleyer
etal. report the clearest example thus far regarding this important aspect of
Treg biology. They find that in mice, sustained protection from diabetes by
Tregs is dependent on Teffs and partially dependent on TNF-a, a cytokine
traditionally considered proinflammatory.

Chronic inflammatory diseases such as
asthma and autoimmune diseases such
as type 1 diabetes arise from the break-
down of the mechanisms that normally
restrain immune responses. Key among
those mechanisms is a subset of CD4* T
cells called Tregs. Tregs are characterized
by expression of the transcription factor
forkhead box P3 (Foxp3). Foxp3 is not
only important for the development and
maintenance of Tregs but also for their
suppressive function (1, 2). Perhaps the
best evidence for the indispensable role
of Tregs in preventing autoimmunity and
limiting chronic inflammatory diseases
comes from the fact that defective devel-
opment of Tregs in humans with FOXP3
mutations leads to the life-threatening
autoimmune condition immune dysregu-
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lation, polyendocrinopathy, enteropathy,
and X-linked (IPEX) syndrome (3, 4). A
similar lethal disease is observed in scurfy
mice, which lack Tregs due to mutations
in the Foxp3 gene (5). In this issue of the
JCI, Grinberg-Bleyer et al. (6) provide new
insight into how mouse CD4*'Foxp3* Treg
numbers and suppressive activities are reg-
ulated in the autoimmune setting of type 1
diabetes. Their data support the hypoth-
esis that the very cells that the Tregs are
suppressing (diabetogenic effector T cells
[Teffs]) themselves act in a feedback loop
to help islet-specific Tregs, providing sus-
tained protection from diabetes, a hypoth-
esis with far-reaching implications.

Tregs depend on Teffs

The vast majority of studies on Tregs have
focused on the mechanisms by which they
affect the responses mediated by Teffs.
However, it has been noted for some time
that there is substantial bidirectionality
in the interactions between the two cell

htep://www.jci.org ~ Volume 120

Number 12

populations. As Tregs require IL-2 for
their survival and function but do not pro-
duce it, it was thought that Teffs would be
important providers of IL-2 to Tregs. In
vivo mixing experiments with IL-2-defi-
cient and -sufficient Tregs and Teffs con-
firmed this IL-2-based interdependence of
Tregs and Teffs and led to the suggestion
that Teffs were required to help maintain a
functional Treg compartment (7, 8). Other
studies provided additional support for
the existence of a feedback loop between
Tregs and Teffs, a loop that is important
for preventing autoimmune and lymphop-
roliferative disease (9-11). Thus, it has been
established that there is interplay between
Tregs and Teffs, and, at least in some cases,
this interplay has been shown to be medi-

ated by IL-2 produced by the Teffs.

A feedback loop between Tregs

and Teffs in type 1 diabetes

Despite the precedents in the literature
(7-11), few reports of the influence of
Teffs on Tregs are as clear and informative
as the one presented by Grinberg-Bleyer
et al. in this issue of the JCI (6). In their
study, the authors investigated the effect
of Teffs on Tregs using mouse models of
autoimmune diabetes.

The authors initially found that, in vivo,
Tregs proliferated significantly more when
coinjected into mice with activated T cells,
both in pancreata and draining pancreatic
LNs (PLNs) (6). These results led to the con-
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Figure 1

Feedback control of Tregs by Teffs. The drawing illustrates how Teffs help Tregs control them-
selves, as suggested by the data generated by Grinberg-Bleyer et al. (6). Pathogenic T cells
infiltrate and inflame the tissue. Teffs produce inflammatory cytokines such as TNF-a (which
can also be produced by activated dendritic cells and macrophages) that can act on Tregs
to promote their proliferation and expansion. Tregs can now outcompete the Teffs and also
secrete antiinflammatory cytokines that will hamper the proliferation of Teffs. Decreased pro-
liferation of Teffs will limit ongoing inflammation. An alternative pathway in which antigen pre-
sentation directly to Tregs may lead to their expansion and subsequent control of inflammation

is highlighted in the gray box.

clusion that Teffs induced the proliferation
(“boosting”) of Tregs, directly or indirectly.
Mice injected with Tregs alone or Tregs
plus Teffs did not develop diabetes. How-
ever, upon challenge with a second injec-
tion of activated Teffs three weeks after the
first injection, mice that had received a first
injection of Tregs alone developed diabetes,
while mice that had been originally injected
simultaneously with Tregs and Teffs were
protected from diabetes. Presumably, the
boosted Tregs in the latter recipients medi-
ated suppression of diabetes, although
other scenarios were not ruled out. In the
future, it will be important to determine
why the Tregs injected alone three weeks
prior to the injection of the Teffs were not
“boostable,” despite the fact they were pres-
ent at the time of the second injection.

In addition, it would be interesting to
evaluate whether Teffs affect Treg expan-
sion in a model with ongoing inflamma-
tion, for instance, transfer of Tregs shortly
after the onset of diabetes induced by acti-
vated Teffs. Would Tregs be able to robust-
ly proliferate in an adverse environment
such as the one provided by the diabeto-
genic Teffs? Such information would be
of particular relevance for clinical settings,
aiding in the development of therapeutic
approaches to treating rather than prevent-
ing autoimmune conditions (12).

Like other papers addressing the influ-
ence of Teff activation on the expansion
and function of Tregs, the findings of Grin-
berg-Bleyer and colleagues (6) have strong
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implications for the understanding of the
hygiene hypothesis — the notion that alack
of early childhood exposure to infectious
agents increases susceptibility to allergic
and autoimmune diseases by suppressing
natural development of the immune sys-
tem, including a general weakness of the
Treg compartment. Specifically, these data
indicate that activation of the Teff com-
partment could boost the Treg compart-
ment early in life, making it more effective
in subsequent challenges. Furthermore,
before the contribution by Grinberg-Bleyer
etal. (6), few mechanisms besides IL-2, long
known to be critical for the homeostasis
and function of Treg cells, had been shown
to be involved in this crosstalk.

Does TNF-a help Treg expansion?
One of the biggest surprises of the data pre-
sented by Grinberg-Bleyer et al. (6) is the role
of the cytokine TNF-a, and not IL-2, in the
boosting of Tregs by Teffs. For reasons men-
tioned above, it would have been expected
that IL-2 would have been the key Teft-pro-
duced cytokine to trigger Treg expansion.
While Grinberg-Bleyer and colleagues con-
firmed that IL-2 is critical for the survival of
Tregs, their data with IL-2-deficient Teffs
clearly showed that the boost effect medi-
ated by Teffs was independent of IL-2 (6).
In contrast to IL-2, which was shown not
to play a role in the expansion of Tregs,
the cytokine TNF-a was the one involved
in Treg boosting (6). TNF-a blockade
reduced, although it did not eliminate, the
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Treg expansion mediated by Teffs. Given
the fact that TNF-a blockade constitutes
one of the major therapeutic options in the
treatment of some chronic inflammatory
diseases in humans, such as rheumatoid
arthritis and inflammatory bowel disease,
the result described by Griberg-Bleyer et al.
makes the role of TNF-o. in Teff/Treg cross-
talk even more important to understand
(Figure 1). In patients with rheumatoid
arthritis, TNF-o inactivates Treg function,
an effect mediated through TNF receptor
type II (TNFRII), which is constitutively
expressed by Tregs (13-15). However, it has
been shown in mouse models that TNF-a
promotes the expansion and function
of Tregs via TNFRII (16). Could TNF-a
induce opposite outcomes in human and
mouse Tregs? This is not very likely, consid-
ering that TNF-a is an evolutionarily con-
served innate and adaptive cytokine with
pleiotropic effects. More probable is that
the way the effect of TNF-o. was assessed
in each of the cases described above was
driving the effect of TNF-a in opposite
directions. When proliferation of Tregs
was the major readout, TNF-a induced
proliferation, as shown by Grinberg-Bleyer
et al. (6) and Chen and coworkers (16); in
contrast, when the premium was placed
on in vitro suppressive function of Tregs,
TNF-a reduced that function (13-15), and
this short-term inhibition of suppressive
function was also observed by Chen et al.
using mouse Tregs (16).

Looking forward

Many open questions remain for future
studies. For instance, what is the source of
TNF-a, and does it act directly or indirectly
on Tregs to “boost” them? While the higher
constitutive expression of TNFRII on Tregs
than Teffs makes it more likely that TNF-a.
acts directly on Tregs, experiments deter-
mining whether Teffs can boost TNFRII-
deficient Tregs have not been carried out,
and TNFRII-deficient mice do not have
fewer Tregs than wild-type mice (16). The
source of TNF-a in vivo is also not clear.
While activated Teffs, in particular Thl
cells, are perfectly capable of producing
large amounts of TNF-a,, many other cells
of the innate and adaptive immune sys-
tem also produce TNF-a.. Why would only
TNF-a produced by Teffs be effective in
boosting Treg expansion in vivo? Finally,
given the conflicting data between mouse
and human experiments on the effect of
TNF-a on Tregs, it is important to clarify
whether or not mouse and human Tregs
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respond differently to TNF-a or whether
the experimental readouts were such that
they placed in evidence one or the other
outcome. Chances are that we have not
heard the last word on the connection
between TNF-o and Tregs.
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The magnitude and durability of immunity to human cytomegalovirus
(HCMV) following natural infection is compromised by the presence of
immune modulation genes that appear to promote evasion of host clearance
mechanisms. Since immunity to HCMYV offers limited protection, rational
design of effective vaccines has been challenging. In this issue of the JCI,
Slavuljica and colleagues employ techniques to genetically modify the highly
related mouse CMV (MCMYV), in the process generating a virus that was rap-
idly cleared by NK cells. The virus functioned as a safe and highly effective
vaccine. Demonstration of the ability to engineer a safe and highly effective
live virus vaccine in a relevant rodent model of CMV infection may open the
door to clinical trials of safer and more immunogenic HCMYV vaccines.

The urgent need for a vaccine
against human CMV

Human CMV (HCMV) is an important
cause of disease in immunologically com-
promised individuals, including recipients
of solid organ and hematopoietic stem cell
transplants and patients with advanced
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HIV disease. At greatest risk for HCMV-
associated injury, however, is the develop-
ing fecus. HCMV is the most common agent
of congenital viral infection in the United
States, and among all infectious diseases
is the most common cause of childhood
neurological disability, including deafness,
in the developed world (1, 2). Since severe
and symptomatic congenital HCMV infec-
tions can be associated with a lifetime of
disability, the economic burden associated
with this infection is striking. When the

htep://www.jci.org  Volume 120

Number 12

Institute of Medicine was commissioned to
prioritize vaccine development for the new
millennium based on, among other fac-
tors, quality-adjusted life years (a marker
of economic benefit), a vaccine for HCMV
was ranked “head-and-shoulders” above all
other potential new vaccines with respect
to overall cost-effectiveness (3).

Although the need for an HCMV vaccine
is compelling, it is less clear to whom such
avaccine should be administered, and what
the constituents of such a vaccine should
be. The correlates of protective immunity
remain undefined, both for the nonpreg-
nant individual and for the developing
fetus. Subunit vaccines, typically based on
recombinant expression of key targets of
humoral and cellular immune responses
to HCMV infection, have been evaluated
in clinical trials, as have live-attenuated
vaccines (4). Until recently, clinical trials
have yielded little information about the
potential for protective efficacy, largely
because most studies have focused on the
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