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he 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-

igens by the lymphoid system in a vertebrate. Regula-
ion of the immune response in the gut is a balance
etween the need to mount protective immunity toward
athogens while not activating damaging inflammatory
esponses to the vast numbers of harmless antigens,
ncluding those derived from commensal bacteria and
ood contents. Indeed, the breakdown of this delicate
alance is dramatically shown in inflammatory bowel
isease (IBD).1

Animal models of IBD have provided much insight
nto the mechanisms governing this delicate balance
etween immune activation and suppression.2 One of the
ey observations derived from such studies was that a
ubpopulation of T lymphocytes serves to suppress (lately
ermed regulate) pathogenic T-cell activity that would
therwise lead to inflammation and a morphologic and
athophysiologic picture resembling human IBD. One of
he key initial observations on regulatory T-cell activity
n colitis came from transfer experiments: transfer of
D4�CD45RBhigh (naı̈ve) T cells into immunodeficient

cid mice led to progressive wasting disease characterized
y colonic inflammation, which could be prevented by
oadministration of CD4�CD45RB

low
(memory) T cells

nto such mice.3 More recently, the regulatory activity of
cells could be identified to reside within the

D4�CD25� T regulatory (Treg) cell population in hu-
ans and mice (the CD4�CD45RBlow population is
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eterogeneous, containing memory/effector T cells and
reg cells).4,5 Further support for the notion that the

ailure of regulatory T-cell development (or activity) can
ause the development of IBD came from data that
howed that administration of Treg cells to mice with
stablished colitis can even cure disease via pathways
nvolving interleukin (IL)-10 and transforming growth
actor �.6,7 Thus, IBD can be considered to be caused by
ither excess T-cell effector function or inadequate Treg

ell function.2 Additionally, Treg cells play important
oles well beyond colitis in anti-infectious immunity,
utoimmune diseases, transplantation tolerance, and an-
itumor immunity, to cite a few.4,8

In a normal healthy individual, these Treg cells make
p approximately 5%–10% of T cells in peripheral lym-
hoid organs. The transcriptional repressor Foxp3 has
een identified as the master-control gene for the devel-
pment of CD4�CD25� Tregs, defining Tregs as a distinct
ineage.9–11 Indeed, a mutation in the gene encoding
oxp3 was identified as the genetic defect underlying
utoimmune and inflammatory disease in scurfy mice
nd in humans with immune dysregulation, polyendo-
rinopathy, enteropathy X-linked syndrome, and
-linked autoimmunity allergic dysregulation syn-
rome, emphasizing the importance of Treg cells in the
aintenance of normal immune homeostasis.
There is accumulating evidence that Treg cells capable

f modulating the function of conventional T cells are
rimarily derived from the thymus.4,12 Coexpression of a
pecific MHC class II–restricted T-cell receptor (TCR),
ogether with an agonist ligand within the same host,
as been shown to result in the generation of
D4�CD25� regulatory T cells,13 suggesting that Treg

ells are induced by self-antigen. Further experiments
ave shown that the thymic epithelium is the antigen
resenting cell for Treg selection because expression of
gonist ligands by this cell type serve as potent, but not
xclusive, inducers of Tregs.14,15 Selection of
D4�CD25� thymocytes appears to require a TCR with

ntermediate affinity for a self-peptide because thymo-
ytes that bear TCRs with low affinity do not undergo
election into this pathway.14 With regard to Treg cells
nduced by thymic epithelium, there is a need to identify
gonistic TCR ligands on thymic epithelium that induce
reg development under physiologic conditions. Besides

hese data supporting the thymus as a primary site of Treg

evelopment, von Boehmer4 recently presented evidence
hat Tregs can be induced in the periphery when peptides
re continuously delivered to adult thymectomized TCR-
ransgenic mice on a recombination activating gene�/�

ackground. This is in line with a recent report on the in
itro generation of Foxp3�, CD4�CD25� T cells from
D4�CD25� human peripheral lymphocytes after anti-
D3/CD28 activation.16 These stimulation-induced
D4�CD25� T cells were indistinguishable from freshly

solated CD4�CD25� Treg cells that were likely derived
rom the thymus with regard to their suppressor activity,
uggesting that peripheral pathways may exist that drive
he development of Tregs.16,17 This might be particularly
elevant to the intestine, which must differentiate, as
oted, between numerous nonpathogenic and potentially
athogenic foreign antigens.
In this issue of GASTROENTEROLOGY, Faubion et al.18

rovide intriguing evidence that development of colitis
er se might impair production of regulatory T cells and
hat treatment of colitis by several means might be
ssociated with restoration of thymic function and Treg

roduction. To conclude this, they used the tg�26 mouse
odel of colitis19 to show the effect of colitis on Treg

evelopment. Adult tg�26 mice develop colitis on re-
onstitution with wild-type bone marrow.19 Tg�26 mice
ear a transgenic human CD3-� chain in which overex-
ression results in intrathymic T-cell and natural killer
NK)-cell death presumably because of excessive signal
ransduction during thymic development.2,19,20 They
lso manifest a secondary defect in thymic stromal archi-
ecture because the development of the latter depends on
he presence of normal thymocytes.21 T-cell development
n fetal mice bearing the human transgene, and neonatal
ice as shown in the current report, can be rescued by

ransplantation of T cell–depleted normal bone marrow
ecause such transplantation preserves stromal architec-
ure; this is in contrast to adult mice which cannot be
escued because, by this time, the alteration in architec-
ure cannot be reversed.2,21 Thus, whereas bone marrow
econstitution of adult mice leads to the reversal of
ymphoid depletion, the reconstituted mice contain a cell
opulation that has developed in a defective thymic
icroenvironment and, hence, is capable of driving

nd/or inadequately regulating the development of coli-
is.

Faubion et al.18 now report that a temporal window of
few days exists when newborn tg�26 mice can develop
normal thymus on bone-marrow transplantation and

upport the development of CD4�CD25� Treg cells in
ontrast to adult mice which do not. Although adult
ransplanted tg�26 mice show involution of their tran-
iently developing thymus concomitantly with the onset
f colitis, treatment with anti–tumor necrosis factor �
onoclonal antibody or lymphotoxin � receptor fusion

rotein prevented involution of the thymus, as did trans-
lantation of STAT4�/� (introducing IL-12 nonrespon-
iveness of T cells) bone marrow or coadministration of
ona fide CD4�CD25� T cells. More importantly,
reg
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D4�CD25� T cells derived from untreated
Mftg�26adult mice were incapable of exerting regulatory

unction (besides being substantially diminished in num-
ers), whereas those derived from treated mice were fully
unctional. Corresponding data derived from an adapted
D45RBhigh transfer model of colitis led the authors to
ostulate a broader role of these effects of colitis on Treg cell
evelopment and function.18

These studies support the novel concept that the ef-
ector T cells, which drive the colitis and/or the colitic
nvironment, might negatively regulate the develop-
ent of Treg cells and the thymus in general. This in turn
ould predict that the colitis phenotype might be self-
erpetuating. This also raises the interesting possibility
hat an initial insult on the colon (such as an intestinal
nfection) in a genetically susceptible host destined to
evelop IBD could initiate a process that starts with
olitis and is followed by alterations in thymic function
nd thymic Treg generation with the latter leading to
erpetuation of colitis and, over time, to the develop-
ent of IBD.
There are several different hypothetical models to

xplain how colitis might regulate thymic function, par-
icularly Treg generation. One attractive possibility is
hat the effector T cells that drive colitis can come back
o the thymus and directly attack the thymic epithelium
hat normally selects Tregs and/or the thymocytes from
hich Tregs develop. Another possibility is that the in-
amed colonic mucosa might release cytokines that im-
ede thymic Treg development. In this case, T cells or other
nflammatory cells in the colon might remotely regulate
hymic function. A nice example of this kind of regulation
n another organ system is receptor activator of NF-�B
igand (RANKL) derived from activated T cells that re-
otely regulates bone turnover.22 In this context, the ques-

ion arises whether the type of thymic deterioration re-
orted by Faubion et al.18 is specific for colitis or a broader
henomenon also occurring with chronic inflammatory dis-
ases other than colitis. Additionally, inflammatory media-
ors might directly inhibit both the regulatory activity
nd/or development of Tregs by counteracting transforming
rowth factor � or IL-10 and their signalling pathways,
ence providing a nonpermissive environment for Treg cell
evelopment and function.2

Although colitis apparently causes a deterioration in
hymic function and Treg cell generation, it might con-
omitantly regulate other regulatory cell types. Mizogu-
hi et al.23 recently showed that chronic intestinal in-
ammatory condition in TCR�-deficient mice leads to
he generation of IL-10–producing regulatory B cells
hat are induced in gut-associated lymphoid tissue and
haracterized by CD1d expression. These cells act via
nhibition of IL-1 pathways and signal transducer and
ctivator of transcription (STAT)3 activation rather than
egulating secretion of proinflammatory cytokines by T
elper cells.23 The results by Faubion et al.18 causes one
o wonder whether other environments, such as the bone
arrow, which are involved in the development of reg-

latory cells, might also be adversely affected by chronic
ntestinal inflammation.

The current report might also shed new light onto the
bservation that patients with Crohn’s disease who have
ndergone allogeneic bone-marrow transplantation seem
o be largely protected from further flares of IBD.24

ight this be caused by reversing otherwise abnormal
hymic function?

Oxazolone colitis, a murine model of ulcerative colitis, is
egulated by TCR�-invariant NK T (iNKT) cells, which
re positively selected by CD1d-expressing CD4�CD8�

mmature cortical thymocytes and not by thymic epithelial
ells.25 TCR�-invariant NK T cells exert several regulatory
unctions and may be considered to be an early link between
nnate and adaptive immunity.26 NK T cells have been
hown to both promote and inhibit colitis.27,28 Given the
rofound effects of colitis on thymic function and cellularity
eported by Faubion et al., one might predict that colitis
ight also affect iNK T-cell numbers and function through

n impact on the thymus with concomitant effects on
isease phenotype.

In this regard, the current report may shed further
ight on the relapsing-remitting course of IBD. Inter-
eption of this potentially self-amplifying circuit of co-
itis and Treg depletion early in the onset of a flare might
herefore be considered an effective approach to disease
anagement. As the authors speculate, it will be partic-

larly interesting to see whether the long-lasting remis-
ions induced by anti–tumor necrosis factor � agents
uch as infliximab or immunomodulators such as aza-
hioprine/6-mercaptopurine29 might be related to the
estoration of thymic function by potently inhibiting
olonic inflammation in Crohn’s disease and/or restoring
reg development.30

In summary, the present article by Faubion et al.18 could
pen a very novel way of viewing Treg cells in the course of
olitis and, indeed, could direct the focus of therapeutic
ntervention toward a new target: the thymus. It will be
xtremely exciting to see how this new concept unfolds and
erhaps 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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