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Eomesodermin (Eomes) is a transcription factor (TF) of the T-box family closely related
to T-bet known for its role in CD8 T cell and natural killer cell differentiation. However,
the role of Eomes in CD4 T-cell differentiation is less well appreciated. In this issue of
the European Journal of Immunology [Eur. J. Immunol. 2019. 49: 79-95] Mazzoni et al. and
[Eur. J. Immunol. 2019. 49: 96-111] Gruarin et al. studied the role of Eomes in human
CD4 T-cell differentiation. Mazzoni et al. showed that Eomes plays a key role in helper
T cell (Th) plasticity by favoring the phenotype shift of Th17 cells toward non-classic
Th1 cells; while Gruarin et al. proposed Eomes as a lineage-defining TF for human IL-10
and IFN-y co-producing regulatory T-cells (Tr1 cells). Both studies show that Eomes drives
IFN-y secretion and stamps a “cytotoxic” signature, while it also represses Th17 features.
However, additional signals including the cytokine milieu may further influence the fate
of Eomes* CD4 T cells. A common feature of Eomes* CD4 T cells appears to be their accu-
mulation in inflamed tissues in patients with chronic inflammatory disorders. Whether
Eomes favors expression of the proinflammatory cytokines or on the contrary, promotes
the anti-inflammatory cytokines, remains a matter of debate.
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a See accompanying articles by Mazzoni et al. and Gruarin et al.

CD4 T cells can adopt different functional fates depending on
the set of transcription factors (TF) they express, these TF being
induced by various polarizing cytokines. Th1, Th2 and Th17 helper
lineages are defined by expression of T-bet, Gata-3 and RORyt
expression, respectively. Helper CD4 T cell subsets are also known
to be highly plastic, especially the Th17 type. Thl cells can derive
directly from naive CD4 T cells or from differentiated Th17 cells.
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Mazzoni et al. have defined the cells from the latter scenario as
“non-classic” Th1 cells [1]. Non-classic Th1 cells can also be iden-
tified in vivo, further substantiating the idea that plasticity is a
relevant feature of Th cells. However, the TF that promote non-
classic Th1 differentiation from Th17 precursors and stabilize their
lineage have not been defined.

Regulatory T cells (Tregs) are marked by Foxp3 expression,
which can be acquired during development in the thymus. An
additional regulatory T cell type, distinct from Tregs has been
identified more than 20 years ago in vitro. The so-called type 1
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Figure 1. Potential role of Eomes in human CD4 T cells: In human CD4 T cells, Eomes drives the expression of IFN-y and cytotoxic molecules (Prfl
and Gzm genes), while inhibiting human Th17 differentiation. Mazzoni et al. propose that Eomes drives the phenotype shift of Th17 cells toward
non-classic Th1 cells [1], while Gruarin et al. propose Eomes as a lineage-defining TF for human Tr1 cells co-producing IFN-y and IL-10 in response
to IL-27 signaling (genes in bold are genes for which direct regulation of Eomes has been demonstrated in human CD4 T cells) [3].

regulatory T cells (Tr1) are defined by their IL-10 production and
are capable to suppress T cell responses in vivo [2]. Although the
conditions of IL-10 production by T cells in several diseases have
been progressively deciphered over the years, the identification of
the Tr1 lineage in vivo has remained problematic. Several markers
of Trl have been proposed but none of them is really specific.
An important unresolved question is whether Trl cells form a
stable lineage with defining features or not. Gruarin et al. have
previously reported that IL-10/ IFN-y co-producing Tr1-like cells
can be identified in the CD4*CD25-IL7R-CCR5+PD1+ fraction,
which was a framework to study these cells in more details [3].

Using gene expression profiling strategies, both Mazzoni et al.
and Gruarin et al. report that a defining feature of both non-
classic human Thl and Trl cells is their expression of the TF
Eomes. Eomes is one of the two T-box TF expressed in the immune
system. It is highly expressed by NK cells and various subsets
of effector and memory CD8 T cells. In these immune subtypes,
Eomes is thought to be essential to drive responsiveness to IL-15 by
promoting the expression of CD122 [4]. Moreover, in CD8 T cells
and ILCs, Eomes promotes the acquisition of cytotoxic attributes
[5, 6]. Deletion of Eomes and T-bet in CD8 T cells also lead to a
de-repression of Th17 genes [7].

In CD8 T cells prolonged TCR stimulation, combined with IL-2
induce high Eomes expression [8]. However, the conditions lead-
ing to Eomes induction in CD4 T cells may depend on their dif-
ferentiation stage. Mazzoni et al. reported that IL-2 and IL-12
cooperate for Eomes transcription initiation in Th17 clones [1].
Gruarin et al. performed a more comprehensive analysis of the
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conditions that lead to Eomes induction in naive CD4 T cells [3].
The authors confirmed that IL-4 was sufficient to induce Eomes in
CD4 T cells stimulated through their TCR, as previously demon-
strated for CD8 T cells [9]. This group was able to further show
that stimulation of naive CD4 T cells with mature DC expressing
IL-12 and with an exogenous supply of IL-4 led to the induction of
Eomes™ IFN-y + GZMK+ cells, which could be precursors of Trl
cells. However, this cocktail was not sufficient to induce IL-10 pro-
duction, and thus induce Tr1 cell differentiation, while IL-27 was
found to be a critical factor, at least when Eomes was expressed
using lentiviral vectors in human CD4 T cells. A previous study
had identified Eomes as an important TF for the differentiation
of mouse Trl cells [10]. In this study, Eomes expression in Trl
cells was found to be downstream of IL-27 and Blimp-1. Thus, the
cytokines responsible for Eomes expression in CD4 T cells both in
mice or human remains a matter of debate and may depend on
the differentiation status of CD4 T cells.

Both Mazzoni et al. and Gruarin et al. demonstrated that induc-
tion of Eomes via lentiviral vectors in Th17 clones or in naive CD4
T cells stimulated through their TCR had three important conse-
quences (Fig. 1). (i) Eomes induced high IFN-y expression. This
is in agreement with Yang et al. who showed that Eomes induc-
tion could rescue IFN-y production by T-bet deficient T cells [11].
Gruarin et al. showed that Eomes could directly bind IFN-y pro-
moter, thus confirming previous studies in mouse [11, 12]. (ii)
Eomes promoted the acquisition of cytotoxic features, such as the
expression of Prfl and various granzymes, and the capacity to
degranulate upon stimulation. Eomes overexpression induced an
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increase of both GzmK and CD107a. These cytotoxic functions of
Eomes™ CD4 T cells were previously described in MS patients as
well as in the mouse model of EAE [13] or in RA patients [14].
Gruarin et al. addressed the question of the relationship between
cytotoxic CD4 T cells (CTL) and Trl cells, which both express
Eomes and are therefore difficult to separate from each other. The
authors assume that CD4 CTL are CD27~, based on a previous
demonstration that human CD8+CD27~ are more cytotoxic than
their CD27* counterpart, and propose that Tr1 cells are CD277,
which is supported by higher IL-10 production in this subset com-
pared to CD27~ cells. Yet, this dichotomy is not perfectly clear and
the production of IL-10 by the CD27* subset is actually highly vari-
able between individuals, which questions the stability of the Trl
lineage, or the relevance of the CD27 marker. (iii) Eomes represses
Th17 features, such as IL17 secretion, RORC2 and IL17A transcrip-
tion [1], CCR6, IL-17, RORC and RORA expression [3]. Moreover,
Eomes can directly bind RORC2 and IL17A [1]. This is again in
agreement with results obtained in murine studies: Eomes binds
to and inhibits Rorc and I117 promoter activation [15].

Interestingly, there were some discrepancies between both
papers related with the expression of IL-10 and GM-CSF by
Eomes™ CD4 T cells. First, Geginat and colleagues proposed Eomes
as a lineage-defining TF for human IL-10 producing Tr1 cells but,
as discussed previously, Eomes expression is probably not suffi-
cient to drive IL-10 expression. Regarding GM-CSF, Annunziato
and colleagues demonstrate that Eomes expression is associated
with a highly inflammatory phenotype in patients with juvenile
idiopathic arthritis (JIA) [1]. These results are in agreement with
previous studies in mice [12] but also human CD4 T cells [13],
which associated Eomes expression with pathogenic inflamma-
tory functions and IFN-y/GM-CSF secretion. However, Geginat
and colleagues showed, using genome-wide gene expression anal-
ysis, that CSF2 is “among the most downregulated genes » (as
IL-17F, IL-22 or RORw) in Eomes™ Trl-like cells. The Th17 ori-
gin of non-classic Th1 cells may therefore allow them to maintain
GM-CSF production, even if Eomes is expressed, which may not
be the case for precursors of Tr1 cells.

A common feature of Eomes* CD4 T cells appears to be their
accumulation in inflamed tissues in patients with inflammatory
disorders. Mazzoni et al. reported an enrichment of Eomes™ IFN-y
+ and IFN-y+GM-CSF+ cells in the synovial fluid of JIA patients
compared to the peripheral blood [1]. Eomes™ CD4* T cells were
also increased in the peripheral blood and cerebrospinal fluid from
patients in a progressive state of multiple sclerosis [13] and in
the synovial fluid of RA patients [14]. Moreover, Gruarin et al
observed that Eomes™Tr1-like cells were strongly enriched in the
inflamed gut of IBD patients as compared to peripheral blood. Fur-
ther studies will be needed in mouse models to understand what
drives the accumulation of these Eomes*™ CD4 T cells in inflamed
tissues, with regard to cytokines that may induce Eomes, and traf-
ficking/retention mechanisms that could lead to their accumula-
tion in such tissues.

In conclusion, Eomes is unlikely defining a human CD4 T cell
lineage. This is supported with the following: (i) Eomes expression
can be found in nearly all Th subtypes both in mice and human. (ii)
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The cytokines and signaling pathways leading to Eomes expression
in CD4 T cells are still not well defined. (iii) The specific function
of Eomes remains a matter of debate: Eomes was associated with
inflammatory cytokine secretion and pathogenic populations in
several studies [12-14]; while in others, it drives the differenti-
ation of Trl cells producing IL-10 which has regulatory role in
GVvHD [10]. The question of the stability versus plasticity of the
Eomes™ lineage is not fully addressed. In particular, CD4 CTL and
CD4 Trl are highly similar in many aspects and there could be
interconversion between these subsets, IL-27 and perhaps other
cytokines being instrumental in this phenomenon. The only con-
sensus so far is that Eomes™ CD4 T cells might play a role in
chronic inflammatory disorders where their frequency is highly
increased, suggesting that Eomes drives the expression of genes
involved in proliferation or inflammation. In-depth analysis of the
molecular function of this TF and identification of direct target
genes will be needed to clarify its role in CD4 T cells.

This work was supported financially by grant
by the The Agence Nationale de la Recherche (ANR; project GAM-
BLER)

The authors declare no financial or commer-
cial conflict of interest.

References

-

Mazzoni, A., Maggi, L., Siracusa, F., Ramazzotti, M., Rossi, M. C., San-
tarlasci, V., Montaini, G. et al., Eomes controls the development of
Th17-derived (non-classic) Th1 cells during chronic inflammation. Eur. J.
Immunol. 2018.

2 Groux, H., O’Garra, A, Bigler, M., Rouleau, M., Antonenko, S., de Vries,
J. E. and Roncarolo, M. G., A CD4" T-cell subset inhibits antigen-specific
T-cell responses and prevents colitis. Nature 1997. 389: 737-742.

w

Gruarin, P., Maglie, S., De Simone, M., Haringer, B., Vasco, C., Ranzani,
V., Bosotti, R. et al., Eomesodermin controls a unique differentiation pro-
gram in human IL-10 and IFN-gamma coproducing regulatory T cells. Eur.
J. Immunol. 2018.

4 Intlekofer, A. M., Takemoto, N., Wherry, E. J., Longworth, S. A, Northrup,
J. T., Palanivel, V. R., Mullen, A. C. et al., Effector and memory CD8+ T
cell fate coupled by T-bet and eomesodermin. Nat. Immunol. 2005. 6: 1236—
1244.

V]

Pearce, E. L., Mullen, A. C., Martins, G. A., Krawczyk, C. M., Hutchins, A.
S., Zediak, V. P., Banica, M. et al., Control of effector CD8+ T cell function
by the transcription factor Eomesodermin. Science 2003. 302: 1041-1043.

6 Daussy, C., Faure, F., Mayol, K., Viel, S., Gasteiger, G., Charrier, E., Bien-
venu, J. et al., T-bet and Eomes instruct the development of two distinct
natural killer cell lineages in the liver and in the bone marrow. J. Exp.
Med. 2014. 211: 563-577.

~N

Intlekofer, A. M., Banerjee, A., Takemoto, N., Gordon, S. M., Dejong, C.
S., Shin, H., Hunter, C. A. et al., Anomalous type 17 response to viral

wWww.eji-journal.eu



Eur. J. Immunol. 2019. 49: 38-41

1

1

1

1

oo

0

=

2

w

infection by CD8+ T cells lacking T-bet and eomesodermin. Science 2008.
321: 408-411.

Pipkin, M. E., Sacks, J. A., Cruz-Guilloty, F., Lichtenheld, M. G., Bevan, M.
J. and Rao, A., Interleukin-2 and inflammation induce distinct transcrip-
tional programs that promote the differentiation of effector cytolytic T
cells. Immunity 2010. 32: 79-90.

Renkema, K. R, Lee, J. Y., Lee, Y. J., Hamilton, S. E., Hogquist, K.
A. and Jameson, S. C., IL-4 sensitivity shapes the peripheral CD8+
T cell pool and response to infection. J. Exp. Med. 2016. 213: 1319-
1329.

Zhang, P., Lee, J. S., Gartlan, K. H., Schuster, I. S., Comerford, I., Varelias,
A., Ullah, M. A. et al., Eomesodermin promotes the development of type
1 regulatory T (TR1) cells. Sci Immunol 2017. 2: eaah7152.

Yang, Y., Xu, J., Niu, Y., Bromberg, J. S. and Ding, Y., T-bet and eomeso-
dermin play critical roles in directing T cell differentiation to Th1 versus
Th17.J. Immunol. 2008. 181: 8700-8710.

Stienne, C., Michieletto, M. F., Benamar, M., Carrie, N., Bernard,
I, Nguyen, X. H., Lippi, Y. et al., Foxo3 transcription factor drives
pathogenic T helper 1 differentiation by inducing the expression of
eomes. Immunity 2016. 45: 774-787.

Raveney, B. J., Oki, S., Hohjoh, H., Nakamura, M., Sato, W., Murata, M.

© 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

14

15

HIGHLIGHTS

and Yamamura, T., Eomesodermin-expressing T-helper cells are essen-
tial for chronic neuroinflammation. Nat Commun 2015. 6: 8437.

Chemin, K., Ramskold, D., Diaz-Gallo, L. M., Herrath, J., Houtman, M.,
Tandre, K., Ronnblom, L. et al., EOMES-positive CD4(+) T cells are
increased in PTPN22 (1858T) risk allele carriers. Eur. J. Immunol. 2018.
48: 655-669.

Ichiyama, K., Sekiya, T., Inoue, N., Tamiya, T., Kashiwagi, I., Kimura, A.,
Morita, R. et al., Transcription factor Smad-independent T helper 17 cell
induction by transforming-growth factor-beta is mediated by suppres-
sion of eomesodermin. Immunity 2011. 34: 741-754.

Full correspondence: Dr. T. Walzer, INSERM U851, 21 avenue Tony
Garnier, Lyon, 69007, France
e-mail: thierry.walzer@inserm.fr

See accompanying articles:
https://onlinelibrary.wiley.com/doi/10.1002/eji.201847677
https://onlinelibrary.wiley.com/d0i/10.1002/eji.201847722

Received: 30/11/2018
Revised: 30/11/2018
Accepted: 6/12/2018

www.eji-journal.eu

41



