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Regulatory T-cell stability and plasticity in mucosal
and systemic immune systems
M Murail, P Krause!, H Cheroutre! and M Kronenberg!

Regulatory T cells (Treg) express the forkhead box p3 (Foxp3) transcription factor and suppress pathological immune
responses against self and foreign antigens, including commensal microorganisms. Foxp3 has been proposed as a
master key regulator for Treg, required for their differentiation, maintenance, and suppressive functions. Two types of
Treg have been defined. Natural Treg (nTreg) are usually considered to be a separate sublineage arising during thymus
differentiation. Induced Treg (iTreg) originate upon T cell receptor (TCR) stimulation in the presence of tumor growth
factor 3. Although under homeostatic conditions most Treg in the periphery are nTreg, special immune challenges in the
intestine promote more frequently the generation of iTreg. Furthermore, recent observations have challenged the notion
that Treg are a stable sublineage, and they suggest that, particularly under lymphopenic and/or inflammatory conditions,

Treg may lose Foxp3 and/or acquire diverse effector functions, especially in the intestine, which may contribute to

uncontrolled inflammation.

INTRODUCTION

Progress in understanding the cell biology of regulatory T cells
(Treg) came with the discovery of the X chromosome-encoded
gene forkhead box p3 (Foxp3) during efforts to identify the
genetic basis for the autoimmune disorder in human patients
suffering from immune dysregulation, polyendocrinopathy;,
enteropathy, X-linked syndrome and in the spontaneous mouse
mutant scurfy.! =3 Mice harboring a loss-of-function mutation
in the Foxp3 gene are affected by fatal early onset of lympho-
proliferative immune-mediated disease involving multiple
organs and tissues. Moreover, subsequent studies showed that
sustained Foxp3 expression in mature Treg is required for their
maintenance and suppressive function. Interestingly, diminished
Foxp3 expression by Treg, as a result of gene targeting, led to the
acquisition of effector T cell functions, including production of
interleukin (IL)-2, IL-4, IL-17 and interferon (IFN)7,%> whereas
forced expression of the Foxp3 gene in CD4* non-Treg cells is
sufficient to acquire suppressive function in vitro and in vivo.>=
Together, these studies are consistent with the notion that Foxp3
has a pivotal role in defining Treg function.

Foxp3 induction in natural Treg (nTreg) occurs in vivo dur-
ing thymic differentiation, under the influence of relatively
high avidity interactions of the TCR with self-antigens®. Foxp3
can also be induced post-thymically, in conventional mature
T lymphocytes when they are activated in vitro or in vivo in

the presence of the cytokine tumor growth factor (TGF)-f.10-14
Nucleic acid sequence studies of the TCR o repertoire, in TCR B
only transgenic mice, or secondary o rearrangements in TCR o
transgenic mice, indicate that the TCR repertoire of peripheral
Treg is more similar to thymic Treg than to conventional periph-
eral T cells. These data suggest, therefore, that under steady-state
conditions most Foxp3-expressing lymphocytes in the spleen
and blood are nTreg.!>1® However, as discussed below, induced
Treg (iTreg) are readily induced at the mucosal interface of
the intestine. At present, it is neither certain how to distin-
guish nTreg from iTreg, nor is it established whether nTreg
and iTreg can in some circumstances have different biological
functions.

Although evidence indicates that thymic imprinted Treg are
a stable sublineage,'!”~20 in this review, we will discuss recent
tindings that suggest that populations of Treg, presumed to con-
tain mostly, if not exclusively, nTreg can be plastic, meaning that
they are capable of losing Foxp3 and their regulatory function,
and, conversely, capable of acquiring various effector functions.
Interestingly, the acquisition of specific effector functions may
be more prevalent in T lymphocytes in the intestine.

INCREASED iTREG FORMATION INTHE INTESTINE
Several studies indicate that the majority of Treg present in the
periphery are of thymic origin,!>!® whereas, in contrast, there
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is evidence indicating that the small and large intestine and gut-
associated lymphoid tissues, including the mesenteric lymph
node (MLN), contain cells that preferentially promote iTreg
differentiation. Consistent with this, TGF-f, required in most
cases for the induction of Foxp3 by peripheral mature CD4*
T cells,'%-13 is highly enriched in the intestine. In vivo studies
show that the gut-associated lymphoid tissue is a pivotal ana-
tomical site for the induction of Foxp3 expression under condi-
tions of chronic antigen exposure, and that this is crucial for
the maintenance of tolerogenic conditions.!!?!-23 Agents that
drive iTreg generation include food antigens, which are mod-
eled in oral tolerance experiments, and recently the diet-derived
vitamin A metabolite, retinoic acid (RA), was identified as a
critical regulator of TGF-B-dependent differentiation. Whereas
RA can have direct cell intrinsic effects in naive CD4 T cells
by suppressing RORyt and IL-17, and conversely by enhancing
Foxp3 induction,?*-2” RA might further also indirectly augment
iTreg formation by acting on effector T cells, through inhibi-
tion of production of cytokines, such as IL-4 and IFNY, that
prevent Foxp3 expression.”® Among dendritic cells, mucosal
CD103* dendritic cells have been reported to release RA, lead-
ing to enhanced induction of Foxp3 by the naive CD4 " T cells
they prime.?2°-32 Formation of Treg in vitro under these con-
ditions led to a Treg population that was particularly effective
at preventing disease in the T-cell transfer model of colitis.?*
Moreover, macrophages in the small intestine lamina propria
are also able to convert naive T lymphocytes into Foxp3* Treg
in an IL-10-, RA- and TGF-B-dependent manner.>?

Besides, the results from several studies of germ-free mice
indicate that the absence or presence of microbial antigens from
commensal organisms modulate the number and function of
Treg in the intestine. Although the components of the flora
responsible for this have not been fully defined,>*-3¢ studies
show that a segmented filamentous bacterium can influence the
number of Treg.”>* It remains to be determined, however, if the
microflora acts mainly on iTreg generation, nTreg homeostasis,
or on both processes.

Furthermore, the number of Foxp3 expressing Treg in the
small intestine lamina propria is increased in mice deficient for
TLRY, which senses nucleic acids containing unmethylated CpG
dinucleotides that are characteristic of microbes.?* The forma-
tion of iTreg in co-cultures of naive T cells with lamina propria
dendritic cells was suppressed by DNA from the gut flora, sug-
gesting that the increased formation of Treg in the lamina pro-
pria in Tlr9~/~ mice is due to increased formation of iTreg.?>

EPIGENETIC MODIFICATIONS OF FOXP3 IN nTREG

Studies have shown that nTreg are relatively stable in a healthy
immune system, and that Foxp3 has an indispensable role in
maintaining the intrinsic stability of Treg. Foxp3 maintains a
positive auto-feedback loop, and the disruption of Foxp3 protein
function in committed Treg resulted in reduced foxp3 transcrip-
tion.> Ablation of Cbff, a cofactor of the Runt-related transcrip-
tion factor 1, which binds to the Foxp3 protein, led to decreased
expression of Foxp3 in Treg and impaired suppressive function
in vitro and in vivo.3® Moreover, knockdown of Runt-related
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transcription factor 1 showed that Runt-related transcription
factor 1 is required for the optimal regulation of Foxp3 expres-
sion in human T cells.*

Several reports suggest that epigenetic modifications are also
key factors for the stability of Foxp3 expression.!7~20:40-42 Gtable
Foxp3 expression by Treg is associated with selective demethyla-
tion of evolutionarily conserved CpG-rich elements within the
Foxp3 locus.!”~2? Consistent with Foxp3 auto-regulation, it was
recently shown that Foxp3 can bind to a conserved non-coding
DNA sequence (CNS) element 2 (CNS2), and that CNS2 con-
trols the heritable maintenance of Foxp3 expression in a man-
ner that is dependent on Cbff-Runt-related transcription factor
1 activity and CpG DNA demethylation.*? This suggests that
Foxp3 recruitment to this “cellular memory module” facilitates
the heritable maintenance of the active state of the Foxp3 locus
and, subsequently, Treg lineage stability.*> In contrast, other
Foxp3 CNS elements have different roles. CNS1 controls periph-
eral, but not thymic, induction of Foxp3 expression, while CNS3
controls de novo Foxp3 expression in the thymus. Interestingly,
in vitro TGFB-induced Foxp3* T cells retain a different pat-
tern of demethylated CpG motifs in the CNS2 region, which
could be related to the stability difference between the more
stable nTreg and iTreg.!”~1%%4 Taken together, there is a strong
correlation between stable Foxp3 expressions, the consequent
function of Treg, and a more complete demethylated foxp3 gene
status. However, it is still not known what molecules initiate and
regulate these modifications, and how Foxp3 itself is involved
in this process.

LOSS OF FOXP3 EXPRESSION BY TREG
Although there is no surface marker that can distinguish nTreg
from iTreg with certainty, as noted above, there is evidence that
Foxp3 expressing cells from spleen, lymph nodes, and other
sites, not including the intestine, are mostly nTreg. Although
epigenetic modifications indicate mechanisms for maintenance
of stable expression of the foxp3 gene, other data suggest the
plasticity of Treg populations, including predominantly nTreg.
There are several reports that these presumed nTreg lose Foxp3
expression in vitro, for example when the TCR of the cells is
engaged in the presence of IL-6.414> Furthermore, an agonist
antibody to the T-cell Ig mucin 1 caused loss of Foxp3 expression
and loss of effector function.*® In addition, several recent reports
indicate that nitric oxide can reduce Foxp3 expression by splenic
T cells, but it remains uncertain whether this in fact causes the
loss of Foxp3 expression by Treg, as opposed to decreased home-
ostasis or survival, and the in vivo consequences on Treg func-
tion remain to be explored.*7:48

In vivo data for the instability of Treg originate predominantly
from studies involving T-cell transfer to lymphopenic mice. Most
Treg retain high Foxp3 expression following adoptive transfer to
immune competent mice.!”*’ However, up to 50% of Treg may
lose Foxp3 expression after adoptive transfer into lymphopenic
hosts.*>*0 In transfers of Treg alone, the loss of Foxp3 was attrib-
uted to reduced IL-2 production in the absence of accompany-
ing effector cells. It still remains possible in these transfers that
following multiple rounds of proliferation a minor contaminant
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undergoes selective expansion, thereby accounting for the phe-
notypic changes in transferred Foxp3* cells. Perhaps more likely
however, there could be some heterogeneity in the Foxp3™* Treg
population. In fact, a recent study showing 50% loss of Foxp3
attributed this to the presence of a CD25° subset of Foxp3*
cells that is less stable but more capable of expanding under
lymphopenic conditions in these Rag2~/~ mice.”! Upon losing
Foxp3, the “lapsed Treg” in this study no longer expressed high
levels of other Treg markers such as GITR and CTLA-4, and they
were unable to suppress T effector cell proliferation in vitro.

In the CD4* CD45RBMg" T-cell transfer model of colitis, it
is well known that Foxp3 ™ cells can not only prevent, but also
cure disease.>>>* These Treg were not effective, however, in the
absence of IL-10 signals, and Treg deficient for the expression of
the IL-10 receptor B chain or Treg transferred to lymphopenic
IL-10 deficient Rag~/~ hosts lost Foxp3 expression and failed to
control disease.> In this case, sorting for CD25 "ig? cells, as well
as for Foxp3 promoter driven gene reporter expression, ruled
out the selective outgrowth of a CD25!°" Treg subset. Further
experiments also discard the potential selective outgrowth of
either effector or memory CD4* T cells, providing evidence
for a true loss of Foxp3 expression by Treg. This work estab-
lished a role for paracrine IL-10 from intestinal myeloid cells in
the maintenance of Treg function. By analyzing the cells from
Rag~'~ mice that also have an II-10 gene reporter construct, it
was found that myeloid cells in the intestine lamina propria,
but not in the spleen or MLN, have constitutive expression of
IL-10. At 1 week after the injection of CD4" T cells, however,
the number of reporter gene positive cells decreased in the large
intestine lamina propria but increased in the MLN, suggesting
a migration of this population from the lamina propria to the
MLN in the presence of activated T lymphocytes. These results
were confirmed by the analysis of II-10 mRNA in Rag~/~ mice
without the reporter construct. As noted above,** myeloid cells
that constitutively produce IL-10 have also been described in the
small intestine lamina propria, and were reported to be impor-
tant for iTreg generation.

On analyzing the gene reporter mice, IL-10 producing mye-
loid cells were found only in the lamina propria before T-cell
injection, and in the MLN afterwards. Despite this, the loss
of Foxp3 expression by the transferred Treg in the absence of
IL-10 was systemic, although it was slightly more pronounced
in the intestine. The systemic loss of Foxp3 implies, however,
that the transferred Treg found in the spleen and elsewhere at
some point had contact with IL-10 producing myeloid cells.
Alternatively, the IL-10 from the intestinal cells could act sys-
temically. A model we propose for these results is that colitis
preventing Treg are primed mostly in the MLN, and under
the influence of IL-10 producing antigen presenting cells that
help to maintain Foxp3 expression. The Treg will eventually
lose Foxp3, however, if IL-10 is not present during the crucial
priming events. Regardless of the presence of IL-10, the primed
Treg recirculate systemically in the lymphopenic recipients.
This model can account for the systemic loss of Foxp3 expres-
sion due to the IL-10 synthesis defect in intestinal antigen
presenting cells.
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Consistent with the pivotal role of myeloid cells from the
lamina propria, transfer of a CD11b*CD11c*F4/80* popula-
tion from IL-10 sufficient mice prevented the loss of Foxp3
expression by Treg in the spleen of I110~/~Rag =/~ recipients.
Interestingly, the loss of Foxp3 expression occurred only in
recipients with colitis, indicating that the requirement for
IL-10 is manifested only in the presence of inflammation
(Figure 1).

Consistent with the plasticity of Treg cells, in Cd3s~/~ mice,
which still contain B lymphocytes, transferred Treg gave rise to
follicular B helper T cells (Tg;) under the influence of CD40
expressed by B cells.>® The conversion of Foxp3 Treg to Ty
cells apparently occurred only in the Peyer’s patches, demon-
strating an intestinal mucosa-specific adaptation of the Treg
population.

Treg function maintained

0 A

Intestinal epithelium

CD11c+
CD11b+
F4/80+

Treg function lost

B A A

Intestinal epithelium

IL-12

Dendritic cell
macrophage

Figure 1  Conditions leading to maintenance and loss of regulatory

T cells (Treg) in the intestine and elsewhere are illustrated. Top: Interleukin
(IL)-2 maintains Treg populations systemically, and Treg may be either
induced or under inflammatory conditions maintained by IL-10 from
macrophages or other myeloid cells in intestinal tissues. Bottom: IL-12
may lead to induction of T-bet expression in the intestine, and it, or other
inflammatory cytokines, may contribute to the loss of Foxp3 expression
when Treg are transferred to lymphopenic mice that lack IL-10.
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Instability of Treg cells has also been observed in an immune
competent environment. Following infection with Toxoplasma
gondii, for example, the number of Treg dramatically decreased
due to impaired induction, as well as loss of existing Treg.>”
These data suggest impaired homeostasis of the Treg, rather
than plasticity or true loss of function. However, particularly in
the small intestine lamina propria, cells that retained Foxp3 also
expressed T-bet and acquired the ability to produce IFNYy.>’

Results obtained from a fate mapping system, designed to
detect cells that previously expressed Foxp3, also provide evi-
dence for the plasticity of Treg, although this was not specific
to the intestine. This system used mice transgenic for a Foxp3-
GFP-Cre fusion protein crossed to a ROSA26-YFP mouse with
a floxed stop transcription signal. Cre activity in these mice
causes the expression of YFP, and lapsed Treg, or those that
have lost Foxp3 expression, can be identified as YFP+*GFP -
cells. Whereas relatively few cells lost Foxp3 expression under
homeostatic conditions in the Peyer’s patches and elsewhere,
when crossed onto the autoimmune nonobese diabetic back-
ground, a significantly increased proportion of the cells became
Foxp3 negative.>8

LAPSED TREG ACQUIRE DIVERSE EFFECTOR FUNCTIONS

Interestingly, the lapsed Treg acquire effector functions. For
example, Treg activated in vitro in the presence of IL-6 lost
Foxp3 expression and differentiated into IL-17 producing
cells.*>>° The effector functions these cells may acquire in vivo
are diverse, as summarized in Table 1. In one study, adoptive
transfer of Treg alone into lymphopenic hosts resulted in the
loss of Foxp3 expression and those lapsed Treg acquired the
ability to produce several proinflammatory cytokines, includ-
ing IFNy and IL-17.484° In other studies, when lymphopenic
recipients were immunized with myelin oligodendrocyte glyco-
protein peptide and CFA, a significant percentage of Treg lost
Foxp3 expression and the lapsed Treg converted preferentially
to IL-17 producing cells.>*%? Interestingly, Foxp3 and IL-17
double expressers were also observed in this situation.>® We
found that in lymphopenic hosts that lack IL-10 production
those transferred Treg that lost Foxp3 and suppressive function
also developed into IFNYy producing “Th1 effector like” cells

Table 1 Functions of lapsed Treg

that expressed T-bet.”> This change in the Treg population was
driven by the inflammatory environment in the recipient mice,
and therefore the strong Th1 like phenotype of the lapsed cells
may reflect the action of one or more inflammatory cytokines.
The Th1 like phenotype of the lapsed Treg bears some resem-
blance to the phenotype of altered intestinal Treg following
T. gondii infection, but these cells tended to maintain Foxp3
expression along with T-bet and the ability to produce IFNy. By
contrast, in the absence of colitis, the adoptive transfer of Treg
into Cd3g~/~ hosts, which retain B lymphocytes, resulted in the
loss of Foxp3 expression and the generation of lapsed Treg that
differentiated into Ty, cells in Peyer’s patches that promoted
IgA class switching.>®

Furthermore, lapsed Treg that arose in immune competent
mice, especially when crossed to the autoimmune susceptible
nonobese diabetic strain genetic background, also acquired
an effector memory phenotype, with heterogeneous CD62L
expression and high CD44 expression. Furthermore, these cells
produced several proinflammatory cytokines, such as IFNy and
IL-17, rather than a focused Th1 like cytokine pattern. Adoptive
transfer of the lapsed Treg led to the rapid onset of diabetes,
indicating that these cells could trigger autoimmunity.>®

Collectively, the results indicate that when Treg lose Foxp3,
which can occur under lymphopenic and/or certain inflamma-
tory conditions, they do not simply become anergic T cells but
instead develop into effector T cells that might have pivotal roles
in inflammation and autoimmunity. Furthermore, in the intes-
tine these cells may have unique roles, such as differentiation
into Ty cells.

MECHANISMS FORTHE ACQUISITION OF NEW FUNCTIONS

The studies summarized above suggest that Foxp3 cells are
able to acquire effector functions when the restraint of Foxp3
is removed. Consistent with this hypothesis, it was shown that
Foxp3™ cells from spleen and lymph node, containing predomi-
nantly nTreg, lack a suppressive chromatin marker, histone 3
lysine 27 trimethylation, in the Ifny locus. Other CD4* T-cell
subsets, however, including even iTreg generated in vitro, show
some histone 3 lysine 27 trimethylation, suggesting that IFNy
is less repressed in nTreg. In addition, the gene encoding the

Source Host Tissue Lapsed Treg Reference
Foxp3+ Cd3e~/~ PP Ten 56
Foxp3+ Rag2~/- IEL, LPL, Sp, LN A TNF-o, IFN-y 50

V¥ CD25, CTLA-4, CD103

W in vitro suppression
Foxp3+*CD25/° Rag2-/- Sp, LN AMIL-2, IFN-y, IL-17 51

Cd3e~'~ W in vitro suppression

Foxp3+CD25N II-10-/= Rag~'~ (colitis) LPL, Sp, LN AN IFN-y 55

W in vitro suppression
Foxp3*+/NOD Not transfer Sp, LN, PP, pancreas AN CD127, IFN-y, IL-17 58

¥ CTLA4, CD103

Abbreviations: IEL, intraepithelial lymphocytes; IFN, interferon; IL, interleukin; LN, lymph node; LPL, lamina propria lymphocytes; PP, Peyer’s patches; Sp, spleen;

Tryy follicular B helper T cell; TNF, tumor necrosis factor.
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signature Th1 transcription factor T-bet exhibited a broad
spectrum of epigenetic states in the Foxp3™* cells from spleen
and lymph node, consistent with the ability to induce T-bet and
IFNYy expression in vitro in these Treg populations under Th1
conditions.*!

How do apparently lapsed Treg gain different kinds of effector
functions? In this regard, it is interesting that several reports sug-
gest that there are multiple, functional Treg subsets. One of these
expresses T-bet, and it is specifically adapted for suppressing
Th1 responses.®! Moreover, after T. gondii infection, the induc-
tion of expression of T-bet and IFNY in Treg that retained Foxp3
expression was dependent in part on Th1 conditions. IFNy was
important for inducing T-bet expression by Treg, whereas IL-12
was most critical for inducing IFNy synthesis by these cells.>”
Another Treg subset was described to express a transcription
factor essential for Th2 differentiation, interferon regulatory
factor 4, which is a Foxp3 target gene.%? The absence of inter-
feron regulatory factor 4 expressing Foxp3* Treg, achieved by
conditional ablation of the interferon regulatory factor 4 gene in
these cells, resulted in a spontaneous induction of Th2 medi-
ated inflammation.%? A third Treg subset is most important
for repressing Th17 responses.®® It was found that STAT3 (sig-
nal transducer and activator of transcription 3), required for
Th17 cells, is also required in Treg for the suppression of Th17
responses. In fact, mice with a Treg specific deficiency in STAT3
have increased Th17 cells and they develop a fatal colitis.®3 In
Treg, not only does STAT3 promote the expression of certain
suppressive molecules, but it also interacts with Foxp3 to sup-
press the expression of molecules that promote Th17 develop-
ment, for example the IL-6 receptor, which on wild-type Treg
might allow these cells to compete for IL-6.5° Therefore, while
Treg might respond to environmental cues, causing subsets
to acquire transcriptional programs that allow them to local-
ize with and regulate subsets of effectors, in the context of the
loss of Foxp3 expression, they might instead synergize with and
resemble these effector subsets.

CONCLUSIONS

In summary, a number of experiments indicate a degree of plas-
ticity in Foxp3™* Treg and these cells can acquire diverse effec-
tor functions, some of which are intestine specific, such as the
Ty function found in Treg accumulating in the Peyer’s patches.
Interestingly, much of the evidence for Treg obtaining effector
functions was observed in studies in which colitis was induced
following cell transfer to lymphopenic mice. For reasons that are
not known, in these experiments the loss of Foxp3 expression
tended to be more pronounced in intestinal tissues. Therefore,
some factor(s) known to be important for Treg homeostasis,
such as IL-2 production or CD28 mediated costimulation,%*
may be limiting in the intestine or, alternatively, gut-specific
cues might promote the conversion of Treg cells to effector cells
under certain conditions. It seems counterintuitive, however,
that self-reactive Treg, or Treg specific for dietary antigens or
antigens from the commensal flora, would easily lose regula-
tory function and become effector cells, as this would present a
clear danger to the organism. It should be emphasized that this
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loss of Foxp3 expression was most readily observed following
cell transfer to lymphopenic mice, and/or under inflammatory
conditions. In fact, in our own transfer experiments to lympho-
penic mice, the substantial loss of Foxp3 expression and regu-
latory function required the coordinate action of two factors,
namely, the loss of IL-10 signaling to the Treg and the presence
of an inflammatory state in the host. Therefore, while plastic-
ity in this population can be detected, we would agree that the
maintenance of the Treg phenotype is favored under immune
quiescent conditions. The types of physiological conditions that
might induce Treg plasticity remain to be fully defined.

Another issue is whether the Foxp3™* cells exhibiting the
greatest plasticity are a subset that may expand preferentially
under some conditions. One example of such a subset are
the Foxp3 ™ cells that have low expression of CD25, which
preferentially expanded under lymphopenic conditions and
tended to lose Foxp3 expression.’! In our experiments in
which IL-10 was deprived, however, the CD25!°% subset of
Foxp3* cells was excluded. We cannot rule out the possi-
bility, however, that there is heterogeneity even among the
CD25Mgh Foxp3* cells, and that a subset of these cells might
expand preferentially in lymphopenic mice with colitis, in
the absence of IL-10. For example, a minority of iTreg in the
CD25Migh Foxp3+ population from spleen and lymph node
might expand preferentially following transfer. The assump-
tion underlying this hypothesis, however, is that such hyper
expanding iTreg are also less stable. While epigenetic modi-
fications of the Foxp3 locus in iTreg are consistent with a
reduced stability, due to increased methylation,%* it remains
to be more rigorously analyzed whether iTreg, or populations
presumed to be enriched for iTreg from the intestine, are in
fact less stable after transfer.

It is now critical to identify markers for those Foxp3™* cells that
are most likely to lose Foxp3 expression, and for those cells that
have already lost Foxp3. If this could be done, one would hope to
extend these findings to human Foxp3* Treg, although it must
be acknowledged that there are differences in Foxp3 expression
by T cells on comparing humans and mice.®> Nevertheless, a
major goal will be to determine whether the plasticity of Treg has
arole in inflammatory bowel disease and other inflammatory
and immune pathologies in humans. In addition, it will be par-
ticularly important, from both the theoretical and therapeutic
viewpoints, to determine whether the lapsed cells retain signifi-
cant portions of the Treg transcriptional signature, and whether
they can be rehabilitated to regain Treg function.
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