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Purpose of review

This review focuses on CD4* T cells involved in the mediation of inflammatory tissue
damage in murine models of inflammatory bowel diseases (IBDs). In particular, we
describe the distinct roles of the homeostatic cytokine IL-7, which is essential to the
maintenance of colitogenic memory CD4™ cells, and the newly discovered effector
cytokine IL-17. We also discuss the close correlation between colitogenic Th17-type
CD4* T cells and inducible CD4+CD25*Foxp3™ regulatory T cells.

Recent findings

IBDs are characterized by wasting and chronic intestinal inflammation induced by many
different cytokine-mediated pathways. lt is clearly recognized that medical and
surgical interventions do not cure Crohn's disease because relapse is the rule after
remission. Until a few years ago, IBD was classified into Th1-dependent, that is,
Crohn's disease, and Th2-dependent, that is, ulcerative colitis, phenotypes. However, in
recent years, it has been shown that new T-cell subclasses, that is, Th17 and regulatory
T cells (Tg), exist independently of Th1 and Th2 and that they play a central role in
modulating IBD.

Summary

The persistence of IL-7-dependent colitogenic memory CD4* T cells is critical

to the maintenance of experimental colitis. On the other hand, though Th1 and Th2
colitogenic memory CD4™ cells exist, in recent years the central role of IL-17-producing
Tht7-type cells in IBD has attracted renewed interest. The development of molecularly
targeted therapies aimed at a variety of different Th-dependent pathogenic mechanisms

may represent a novel approach to 1BD therapy.
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Introduction

Inflammatory bowel diseases (IBIDs) are caused by an
inflammatory response ‘in’ the gur wall. with a usually
persistent course, but in some patients: IBD-may alter-
natively remit and relapse [1-5]. For example, even
when  the local ‘areas of intestinal inflammation  are
adequately: resected in Crohn’s discase; inflammation
relapses in another part of the digestive tract with similar
fearures to those In the area that were resected, such
as longitudinal ulcers and a ‘cobblestone’ appearance.
Extra-intestinal complications; such as primary sclerosing
cholangitis and pyoderma gangrenosum, are also known
to develop in some cases of IBD after surgical resection,
and ileal pouchitis may develop after total colectomy in
patients with ulcerative colitis [6,7]."Fhese findings led us

to hypothesize that CD4% 'I' cells that are capable
of -reproducing gut inflammation  (memory- colitogenic
CD4* T cells) persist in the body, actively: circulate in
peripheral blood, and are involved in the récurrence and
resistance to therapy in IBD. These colitogenic memory
CD4% cells produce a variety of cytokines, and, together
with activated ‘natural immunity: system- cells, ‘macro-
phages and dendritic cells, give rise to recurring disorder.
In terms of the cytokines involved in IBD; T'h1 lympho-
cytes; which produce IFN-y, are thought to play a major
role in the ‘pathology of IBDs, mainly Crohn’s disease,
and ‘ThZ lymphocytes, which produce IL.-4, 11:<5 and
IL.-13, mainly " in ulcerative colitis - [2]. . However, -a
rethinking of this concept has been forced by the dis-
covery of 'Th17 cells, which produce 1L.-17 [8=12]. In
this review, we describe the persistence of ‘colitogenic
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memory CD4* "I’ cells that are able to permanently
mainaain colitis, the mechanism of the permanence and
outine the immunological role of colitogenic "1'h17-type
CD4" I cells in the pathogenesis of IBD.

Generation of colitogenic memory CD4*

T cells in chronic colitis

When considering the basic treatment of 1BD, we are
confronted with the key question of whether colitogenic
CD4' 'I' cells are simple, short-lived effector cells or
long-lived memory cells [13]. If they are all effector cells,
which are characteristically short lived, even if a large
number of them were to cause mucosal damage, all that
would be needed is a strategy that effectively attacked
and destroyed such colitogenic cells. However, if some of
the colitogenic cells had differentiated to the point of
becoming memory cells, cure would become problematic
because memory cells with the ability to reproduce
diseases remain hidden for long periods, such as ‘ninjas’,
and are capable of supplying large numbers of new effec-
tor cells in each recurrence. Thus, an immune mechan-
ism may have developed whereby, unlike the pathway
from naive cells to effector cells, memory cells that have
acquired antigen specificity could be easily reactivated
by cytokines and other stimuli without the need to
reacquire antigen specificity. In other words, when we
consider the possible reasons why IBDs are intractable
and persist lifelong, we advanced the hypothesis: that
colitogenic T cells in IBD are actually memory CD4™*
T cells.

Colitogenic CD4" T cells are IL-7-dependent
memory celis

We used the CD4*CD45RB™*" lymphocyte transfer
model of chronic colitis developed by Powrie ‘et al.
[14,15] to test the above hypothesis. The model is created
by injecting naive CD4*CD45RB™® ‘1" lymphocytes
into the peritoneal cavity of severe combined immuno-
deficiency (SCID) mice and recombination activating
gene  (RAG)-deficient mice, which . are -immunodefi-
cient mice lacking ‘U cells and B cells. When housed
in a germ-free-environment,: the mice develop weighe
loss ‘and: diarthea - approximately - 3=4 weeks after: the
transfer,  and histologically they develop chronic colitis
characterized by marked infiltration by CD4* I’ and
activated inpate immune cells, including macrophages
and dendritic cells. 'The important advantage of this
model is that it is a transfer model in: which no-new
naive CD47 ’L cells are supplied and the fact that the
immune responses mediated by thymus:-derived naive
CD4*t 'L’ cells' (as it would oceur’ in healthy ‘mice)
are eliminated ‘making possible to track the immune
response over.time after the initial cell transfer. Impor-
tantly; because this model does not develop in germ-free
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recipients, enteric bacterial antigens appear to be those
causing the colitis [3,4].

Several weeks after transfer of the CD4YCD4SRBMF
cells, mucosal CD4" “I' cells have markedly proliferated
in the colonic mucosa of the SCID or RAG-2-deficient
mice, and chronic colitis is established. Flow cytometry
analysis shows that infiltrating colonic cells are
CD44"#"CD62L " IL-7Ra™Mf" cells, so-called effector-
memory-type memory cells (1) [16]. The definition
of memory cells as CD44™#" is vague. Memory cells are
IL-7Ra™*® and effector cells are IL-7Ra'*¥, and though
the mucosal CID4 cells we analyzed can be described as
memory ‘1" cells because approximately 70% expressed
CD69, meaning that they possess properties similar to
those of effector cells, there are some uncertainties.
Being long lived and 1L.-7 dependent appear to be more
accurate criteria for identifying ‘memory CD4 'T* cells
[17,18]. Although the transfer model is traditionally
known as the ‘Thl-type CD4*% 'I'cell-mediated colitis
model [19], mucosal CD4% ‘1" cells also produce a large
amount of Th17 [20,21°°,22°].

When CD41 T cells isolated from the colonic mucosa of
this murine model of colitis are transferred into SCID
mice . or RAG-2-deficient mice, they reproduce colitis
that is similar to the colitis in the donor mice [15,23].
As ‘I cells are known not to produce IL.-7 [17,18], we
investigated the IL-7 dependency of colitogenic CD4™
I cells by producing IL-77/~ x RAG-17'~ mice and
transferring colitogenic CD4% ‘I’ cells that had been
isolated from the colonic mucosa of the model into
IL-77'7 x RAG-1""" mice and IL-7*/* x RAG-1"/" mice.
Several weeks after the transfer, the control IL-7
RAG-17"" mice, which are capable of producing IL-7,
developed wasting disease and at the same time developed
chronic - colitis ‘accompanied by marked CD4 T-cell
infiltration, whereas no evidence of disease at all devel-
oped in the IL-7"* RAG-17"" mice into which colito-
genic CD41 I cells had been transferred [21°°]. "This
demonstrates that IL-7 is essential for the development
and maintenance of chronic colits. Accordingly, it is
reasonable. to .assumie  that 1L-7-dependent - memory
L cells make up at least part of the population of colito-
genic CD4™" 'L cells and that they contribute to the overall
mainteénance of -the colitis in the presence of enteric
bactena (Fig. 1).

Involvement of another homeostatic: cytokine besides
IL-7, namely, IL-15; has recently: been suggested  in
relation to memory CD47 'L cells [24,25]. 1L.-15 has been
reported to be involved in the maintenance of CD4*
memory ‘I cells as well.as CD8Y memory. I cells in a
monkey simian immunodeficiency virus (SIV) viral infec-
tion model [24]. However, we recently showed, using
anti-1L-15 neutralizing ‘antibodies, that 1L-15"is not
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Figure 1 Distinct role of IL-7 and IL-17 in inflammatory bowel disease pathogenesis
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In IBD, colitogenic memory CD4™ T cells are established at the onset of disease and persistent in the body in an IL.-7-dependent manner. During the
active stage of disease, including the onset anid recurrences, Th17-type effector CD4™ T cells are generated from colitogenic memory CD4™ T cells.
Thus, during periods of remission and relapse, it may be important to attack different targets; that is, homeostatic cytokine (IL-7) as well as effector
cytokine (IL-17) to optimize treatment strategies for IBD. (a) Colitogenic memory CD4™ T cells continuously circulate in the body to migrate to IL-7-
producing sites. (b) Leukocytapheresis may remove systemic circulating colitogenic memory CD4™ T cells from the peripheral blood. (c) FTY720 may
inhibit the egress of colitogenic memory CD4*. T cells from regional lymph- nodes, resulting in.the- blockade of their systemic circulation. (d)
Administration of anti-integrin a4 mAb may suppress the migration of colitogenic memory CD4* T cells to inflamed mucosa. BM, bone marrow; MLN,

mesenteric lymph node.

involved in the development or maintenance of colitis in
a colitis model in which colitogenic CD4* T cells were
retransferred into RAG-2~" mice (manuscript in. prep-
aration). "I’hus, 1L.-7, and not'IL-15; appears tw play the
central role as the homeostatic cytokine in colitogenic
CD4* T cells.

Discovery of Th17 cells

IL-7 may play an extremely important role in the gener-
ation of colitogenic memory CD4" T cells, but IL-7 is a
homeostatic cytokine and it is impossible to induce inflam-
mation with IL-7 alone. In other words, other cytokines
may also be involved in inducing inflammation as effector
cytokines in the reactivation of colitis: Up untl just a few
years ago, various chronic immune discases were classified
according to the 'Th1/1'h2 balance paradigm put forward
by Mosmann and Coffman {26] a couple of decades ago.
The murine CD4*CD45RB" ¥ ‘I'cell transfer model
described above is a Crohn’s disease-like model because
T'h1cytokines, primarily IFN-v, are involved [19]. Inother
words, it was assumed that most colitogenic CD4* 'I'cells
were IFN-y-producing 'Th1 cells.: However, after IL-17-

producing ‘Th17-type lymphocytes were discovered, the
immunopathogenesis of many chronic inflammatory dis-
eases changed dramatically (Fig: 1) [8-12].

The discovery of Th17 cells started with a study- con-
ducted ‘on a representative experimental ‘autoimmune
encephalopathy (EAE) model that up until that time
was also thought to be a Thl-type immune ‘disease
[27} 1L-12, which is important to the induction of 'T'hil
cells, is a p40 and p35-heterodimer, and the development
of EAE in mice in which EAE had been induced was
suppressed by administration of ‘an anti-IL-12 (p40)
antibody [28]. However, the paradox- existed that the
development of EAE fails in p40-deficient mice, but not
in p35-deficient mice [29]). In attempting to solve this
puzzle, the novel cytokine 11:-23 was found to be a
heterodimer of p40, a feature it shared with 11.-12 and
a new p19 molecule, and as suppression of the develop-
ment of EAE was observed in p19-deficient mice, the
same as in p40-deficient mice; 11.-23, not IL-12, was
shown to be the crucial cytokine needed for the devel-
opment of EAE [30}. Furthermore, 1L-23 induces 11.-17,
and 1L-17 has a variety of potent pro-inflammatory
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