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The Other Way Round: Colitis Regulates Regulatory T Cells

See article on page 1759.

he gastrointestinal tract, with its resident flora, is
the site of the most abundant encounters with an-
tigens by the lymphoid system in a vertebrate. Regula-
tion of the immune response in the gut is a balance
between the need to mount protective immunity toward
pathogens while not activating damaging inflammatory
responses to the vast numbers of harmless antigens,
including those derived from commensal bacteria and
food contents. Indeed, the breakdown of this delicate
balance is dramatically shown in inflammatory bowel
disease (IBD).!
Animal models of IBD have provided much insight
into the mechanisms governing this delicate balance

between immune activation and suppression.? One of the
key observations derived from such studies was that a
subpopulation of T lymphocytes serves to suppress (lately
termed regulate) pathogenic T-cell activity that would
otherwise lead to inflammation and a morphologic and
pathophysiologic picture resembling human IBD. One of
the key initial observations on regulatory T-cell activity
in colitis came from transfer experiments: transfer of
CD41TCD45RBM8" (naive) T cells into immunodeficient
scid mice led to progressive wasting disease characterized
by colonic inflammation, which could be prevented by
coadministration of CD4+tCD45RB"" (memory) T cells
into such mice.> More recently, the regulatory activity of
T cells could be identified to reside within the
CD4"CD25" T regulatory (Ty,) cell population in hu-
mans and mice (the CD4TCD45RB!Y population is
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heterogeneous, containing memory/effector T cells and
T, cells).®> Further support for the notion that the
failure of regulatory T-cell development (or activity) can
cause the development of IBD came from data that
showed that administration of Ty, cells to mice with
established colitis can even cure disease via pathways
involving interleukin (IL)-10 and transforming growth
factor 3.%7 Thus, IBD can be considered to be caused by
either excess T-cell effector function or inadequate T,
cell function.? Additionally, T, cells play important
roles well beyond colitis in anti-infectious immunity,
autoimmune diseases, transplantation tolerance, and an-
titumor immunity, to cite a few.*8

In a normal healthy individual, these T,., cells make
up approximately 5%—10% of T cells in peripheral lym-
phoid organs. The transcriptional repressor Foxp3 has
been identified as the master-control gene for the devel-
opment of CD4TCD25" Ty, defining Ty as a distinct
lineage.”—'' Indeed, a mutation in the gene encoding
Joxp3 was identified as the genetic defect underlying
autoimmune and inflammatory disease in scurfy mice
and in humans with immune dysregulation, polyendo-
X-linked
X-linked autoimmunity allergic dysregulation syn-

crinopathy, enteropathy syndrome, and
drome, emphasizing the importance of T, cells in the
maintenance of normal immune homeostasis.

There is accumulating evidence that T, cells capable
of modulating the function of conventional T cells are
primarily derived from the thymus.%'? Coexpression of a
specific MHC class II-restricted T-cell receptor (TCR),
together with an agonist ligand within the same host,
has been shown to result in the generation of
CD47CD25" regulatory T cells,'> suggesting that T,
cells are induced by self-antigen. Further experiments
have shown that the thymic epithelium is the antigen
presenting cell for T, selection because expression of
agonist ligands by this cell type serve as potent, but not
Treg5_14,15

CD4"CD25" thymocytes appears to require a TCR with

exclusive, inducers of Selection  of
intermediate affinity for a self-peptide because thymo-
cytes that bear TCRs with low affinity do not undergo
selection into this pathway.'* With regard to T, cells
induced by thymic epithelium, there is a need to identify
agonistic TCR ligands on thymic epithelium that induce
T,y development under physiologic conditions. Besides
these data supporting the thymus as a primary site of T\,
development, von Boehmer? recently presented evidence
that T,z can be induced in the periphery when peptides
are continuously delivered to adult thymectomized TCR-
transgenic mice on a recombination activating gene '~
background. This is in line with a recent report on the in

vitro generation of Foxp3™, CD4*CD25"% T cells from
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CD4*CD25~ human peripheral lymphocytes after anti-
CD3/CD28 activation.’® These stimulation-induced
CD4"CD25™" T cells were indistinguishable from freshly
isolated CD4*CD25™ T, cells that were likely derived
from the thymus with regard to their suppressor activity,
suggesting that peripheral pathways may exist that drive
the development of Tiy.'%17 This might be particularly
relevant to the intestine, which must differentiate, as
noted, between numerous nonpathogenic and potentially
pathogenic foreign antigens.

In this issue of GASTROENTEROLOGY, Faubion et al.!8
provide intriguing evidence that development of colitis
per se might impair production of regulatory T cells and
that treatment of colitis by several means might be
associated with restoration of thymic function and T,
production. To conclude this, they used the tge26 mouse
model of colitis'® to show the effect of colitis on T,
development. Adult tge26 mice develop colitis on re-
constitution with wild-type bone marrow.'® Tge26 mice
bear a transgenic human CD3-€ chain in which overex-
pression results in intrathymic T-cell and natural killer
(NK)-cell death presumably because of excessive signal
transduction during thymic development.?:19-2° They
also manifest a secondary defect in thymic stromal archi-
tecture because the development of the latter depends on
the presence of normal thymocytes.?! T-cell development
in fetal mice bearing the human transgene, and neonatal
mice as shown in the current report, can be rescued by
transplantation of T cell-depleted normal bone marrow
because such transplantation preserves stromal architec-
ture; this is in contrast to adult mice which cannot be
rescued because, by this time, the alteration in architec-
ture cannot be reversed.22! Thus, whereas bone marrow
reconstitution of adult mice leads to the reversal of
lymphoid depletion, the reconstituted mice contain a cell
population that has developed in a defective thymic
microenvironment and, hence, is capable of driving
and/or inadequately regulating the development of coli-
tis.

Faubion et al.'® now report that a temporal window of
a few days exists when newborn tge26 mice can develop
a normal thymus on bone-marrow transplantation and
support the development of CD47CD25% T, cells in
contrast to adult mice which do not. Although adult
transplanted tg€26 mice show involution of their tran-
siently developing thymus concomitantly with the onset
of colitis, treatment with anti—tumor necrosis factor o
monoclonal antibody or lymphotoxin 3 receptor fusion
protein prevented involution of the thymus, as did trans-
plantation of STAT4 ™'~ (introducing IL-12 nonrespon-
siveness of T cells) bone marrow or coadministration of
bona fide CD47CD25% T, cells. More importantly,
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CD4TCD25% T cells
BM=>tg€26,4, mice were incapable of exerting regulatory

derived from  untreated
function (besides being substantially diminished in num-
bers), whereas those derived from treated mice were fully
functional. Corresponding data derived from an adapted
CD45RB"&" transfer model of colitis led the authors to
postulate a broader role of these effects of colitis on T, cell
development and function.'®

These studies support the novel concept that the ef-
fector T cells, which drive the colitis and/or the colitic
environment, might negatively regulate the develop-
ment of Ty, cells and the thymus in general. This in turn
would predict that the colitis phenotype might be self-
perpetuating. This also raises the interesting possibility
that an initial insult on the colon (such as an intestinal
infection) in a genetically susceptible host destined to
develop IBD could initiate a process that starts with
colitis and is followed by alterations in thymic function
and thymic T,., generation with the latter leading to
perpetuation of colitis and, over time, to the develop-
ment of IBD.

There are several different hypothetical models to
explain how colitis might regulate thymic function, par-
ticularly T,, generation. One attractive possibility is
that the effector T cells that drive colitis can come back
to the thymus and directly attack the thymic epithelium
that normally selects T, and/or the thymocytes from
which T, develop. Another possibility is that the in-
flamed colonic mucosa might release cytokines that im-
pede thymic T, development. In this case, T cells or other
inflammatory cells in the colon might remotely regulate
thymic function. A nice example of this kind of regulation
in another organ system is receptor activator of NF-kB
ligand (RANKL) derived from activated T cells that re-
motely regulates bone turnover.?? In this context, the ques-
tion arises whether the type of thymic deterioration re-
ported by Faubion et al.'® is specific for colitis or a broader
phenomenon also occurring with chronic inflammatory dis-
eases other than colitis. Additionally, inflammatory media-
tors might directly inhibit both the regulatory activity
and/or development of T, by counteracting transforming
growth factor B or IL-10 and their signalling pathways,
hence providing a nonpermissive environment for T, cell
development and function.?

Although colitis apparently causes a deterioration in
thymic function and T,., cell generation, it might con-
comitantly regulate other regulatory cell types. Mizogu-
chi et al.??> recently showed that chronic intestinal in-
flammatory condition in TCRa-deficient mice leads to
the generation of IL-10—producing regulatory B cells
that are induced in gut-associated lymphoid tissue and
characterized by CD1d expression. These cells act via
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inhibition of IL-1 pathways and signal transducer and
activator of transcription (STAT)3 activation rather than
regulating secretion of proinflammatory cytokines by T
helper cells.?> The results by Faubion et al.'® causes one
to wonder whether other environments, such as the bone
marrow, which are involved in the development of reg-
ulatory cells, might also be adversely affected by chronic
intestinal inflammation.

The current report might also shed new light onto the
observation that patients with Crohn’s disease who have
undergone allogeneic bone-marrow transplantation seem
to be largely protected from further flares of IBD.?4
Might this be caused by reversing otherwise abnormal
thymic function?

Oxazolone colitis, a murine model of ulcerative colitis, is
regulated by TCRa-invariant NK T (iNKT) cells, which
are positively selected by CD1d-expressing CD4TCD8*
immature cortical thymocytes and not by thymic epithelial
cells.?> TCRa-invariant NK T cells exert several regulatory
functions and may be considered to be an early link between
innate and adaptive immunity.?® NK T cells have been
shown to both promote and inhibit colitis.?”?® Given the
profound effects of colitis on thymic function and cellularity
reported by Faubion et al., one might predict that colitis
might also affect iNK T-cell numbers and function through
an impact on the thymus with concomitant effects on
disease phenotype.

In this regard, the current report may shed further
light on the relapsing-remitting course of IBD. Inter-
ception of this potentially self-amplifying circuit of co-
litis and T, depletion early in the onset of a flare might
therefore be considered an effective approach to disease
management. As the authors speculate, it will be partic-
ularly interesting to see whether the long-lasting remis-
sions induced by anti—tumor necrosis factor o agents
such as infliximab or immunomodulators such as aza-
thioprine/6-mercaptopurine?® might be related to the
restoration of thymic function by potently inhibiting
colonic inflammation in Crohn’s disease and/or restoring
T,y development.?©

In summary, the present article by Faubion et al.'® could
open a very novel way of viewing T, cells in the course of
colitis and, indeed, could direct the focus of therapeutic
intervention toward a new target: the thymus. It will be
extremely exciting to see how this new concept unfolds and
perhaps translates into clinical medicine.

ARTHUR KASER
RICHARD S. BLUMBERG
Gastroenterology Division
Brigham and Women's Hospital
Harvard Medical School
Boston, Massachusetts
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