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IL-12 family members in experimental colitis

MF Neurath!

Interleukin (IL)-12 p35/p40 is a heterodimeric cytokine that plays an important role in T helper (Th) cell polarization and
Th1 T-cell differentiation. Recent findings have shown that both p35 and p40 can form other cytokines with different
proteins (IL-23: p19/p40; IL-35: p35/EBI3). Furthermore, the cytokine IL-27 (EBI3/p28) has been identified as a member
of the IL-12 family. Here, we discuss the recent findings on the role of IL-12 family members in experimental colitis. In
particular, the role of IL-23 as a master regulator of effector T-cell activation is highlighted. These findings have important
implications for the design of new therapeutic approaches in chronic intestinal inflammation in humans.

INTRODUCTION

There is increasing interest in the role of proinflammatory
cytokines in the pathogenesis of inflammatory bowel diseases
(IBD; such as Crohn’s disease (CD) and ulcerative colitis).!~>
IBDs are relapsing inflammations of the gastrointestinal tract
not because of specific pathogens. Although ulcerative colitis
primarily involves the colonic mucosa and submucosa and is
marked by continuous inflammation of the large intestine, CD
is characterized by transmural, segmental inflammation that
for the most part involves the distal ileum and colon, but can
potentially affect any part of the gastrointestinal tract as well.!
Although the precise etiology of both CD and ulcerative colitis
is still unknown, recent data suggest that predisposing genetic
factors (e.g., NOD2, OCTN, interleukin (IL)-23R, autophagy
genes) and bacterial antigens lead to an unbalanced activation
of the mucosal immune system that in turn causes chronic intes-
tinal inflammation.~® The present review will focus on the role
of cytokine signaling in T cells and summarize some recent data
on clinical studies in which these pathways were targeted in IBD
patients. In particular, special attention will be paid to the role
of IL-12 family members, as these cytokines seem to play a pre-
dominant role in IBD pathogenesis.

T-CELL CYTOKINE PRODUCTIONIN IBD

Mucosal T cells are a special subgroup of cells that is hypore-
sponsive to T-cell receptor stimulation.? Therefore, mucosal
T lymphocytes are critically dependent on costimulation. In
IBD patients, T-cell activation seems to be driven by luminal
antigens and antigen-presenting cells that are capable of produc-
ing cytokines. Although differentiated T cells in CD produce
a T helper (Th)1-type cytokine profile, the cytokine profile in

ulcerative colitis is characterized by the increased production of
the Th2 cytokines IL-5 and IL-13.1%1! However, IL-4 levels are
decreased in ulcerative colitis and CD. In addition, tumor necro-
sis factor is produced by both Th1 and Th2 cells as well as by
macrophages. In addition, Th3 and regulatory CD25* CD4* T
cells seem to exist in the normal gut that produce transforming
growth factor-B and IL-10, respectively.'>!3 Their contribution
to the pathogenesis of human IBD is largely unknown, but it has
been shown that these cells are capable to exert immunosuppres-
sive functions when cultured ex vivo.!*

CD4 7 Thl or Th2 cells seem to play a key pathogenic role in
the pathogenesis of IBD. This idea is supported by the reported
clinical effects of CD4* T-cell depletion in patients with CD.
Consistently, antibodies to tumor necrosis factor that are suc-
cessfully used in treating CD patients have been shown to induce
rapid mucosal T-cell apoptosis within 2 days indicating that the
therapeutic efficacy of these antibodies could be because of the
induction of T-cell apoptosis.'>

To illuminate the reasons for the different Th cell polariza-
tion in IBD, numerous studies were conducted in recent years.
Many studies have addressed the role of IL-12 family mem-
bers in IBD. This family of cytokines now comprises several
members of heterodimeric proteins, including IL-12 p35/p40,
IL-23 p19/p40, IL-27 EBI3 (Epstein-Barr virus-induced
gene 3)/p28, and IL-35 p35/EBI3.16 The IL-12 heterodimer
(p35/p40) produced by CD8a dendritic cells or macrophages
is a pivotal cytokine that controls Th1 T-cell differentiation; a
function that involves activation and phosphorylation of the
transcription factor signal transducer and activator of tran-
scription 4 (STAT4).1-20 It has been shown that Th1-mediated
animal models of IBD are associated with increased IL-12
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Figure 1 High-resolution miniendoscopy in mice with
2,4,6-trinitrobenzenesulfonic acid colitis (adapted from ref. 29).
IL-23 p19-deficient mice showed more severe colitis than wild-type
mice (left panels). Furthermore, anti-IL-12 p40 antibody therapy
protected mice from such colitis (right panels).

production and neutralizing antibodies to IL-12 have been shown to
suppress Th1-mediated chronic intestinal inflammation in mice
by the prevention of Th1 T cell-activation and the induction of
Fas-mediated T-cell apoptosis.?!~>* STAT4-deficient T cells
showed reduced capacity to induce Thl-mediated colitis in
an adoptive transfer system, whereas STAT4-transgenic mice
develop Th1-mediated colitis upon immunization. However, it
is not clear, whether the effects of STAT4 in vivo are related to
IL-12, as IL-23 (p19/p40) has been recently shown to activate
STAT4 in T cells.?>2¢ Indeed, using p19- and p35-deficient mice,
Uhlig et al.?” observed that IL-23 but not IL-12 is required for
colonic inflammation, whereas IL-12 rather than IL-23 controls
systemic weight loss upon administration of agonistic CD40
antibodies. Taken together, these data indicate an important
function of IL-23 for local initiation of T-cell-independent gut
inflammation rather than systemic inflammation. In addition
to its effects on Th17 cells in chronic intestinal inflammation,28
IL-23, thus, may directly activate cells of the mucosal immune
system such as macrophages to produce proinflammatory
cytokines and emerges as an attractive therapeutic target both
in T-cell-dependent and -independent colitis. However, IL-23
has been recently shown to crossregulate IL-12 production dur-
ing initiation of T-cell-dependent 2,4,6-trinitrobenzenesulfonic
acid colitis, and may thereby prevent early Th1 T-cell responses
in colitis (Figures 1 and 2).?° Thus, IL-23 seems to be a pleio-
tropic cytokine in various models of intestinal inflammation.
It seems that IL-23 has a more prominent role in the mucosal
immune system than in systemic immune responses by exert-
ing direct effects on both T cells and antigen-presenting cells in
the gut. The data by Uhlig and co-workers?” suggest that IL-23
may induce gut inflammation even in the absence of T cells
and implicate new avenues for T-cell-independent therapy of
IBD. On the basis of the recent discovery of IL-23R mutations in
IBD patients,® it is tempting to speculate that such mutations
could be used to predict responsiveness toward anti-IL-23
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Figure 2 Cytokine signaling by IL-12 and IL-23 in T lymphocytes. Both
cytokines share the p40 subunit.

or anti-IL-12/IL-23 p40 antibody therapy in the future. The
potential clinical relevance of these findings is underlined by
the observation that anti-IL-12/IL-23 p40 antibodies showed
clinical efficacy in a pilot trial in active CD.3°

IL-27 has been identified as a new bioactive member of the
IL-12 cytokine family.3!~3 It consists of an IL-12 p40-related
polypeptide, denoted EBI3 and a new p28 subunit with some
similarities to IL-12 p35 and IL-23 p19, respectively. Over
the last years, IL-27 has emerged as a pivotal cytokine in the
adaptive immune system by controlling T-cell-dependent
immune responses. Hereby, IL-27 activates the transcrip-
tion factors STAT1 and STAT3 in naive CD4 T cells and NK
cells. Although STAT1 phosphorylation is required for
IL-27-mediated activation of the Th1 master transcription
factor T box protein expressed in T cells (T-bet), STAT3 is
considered to be important for IL-27-induced T-cell pro-
liferation. However, the role of IL-27 in IBD remains to be
investigated. This also holds true for IL-35, a very recently
identified cytokine that controls activation of regulatory
T lymphocytes. However, p35 and EB13 deficient T cells failed
to cure experimental colitis suggesting that IL-35 controls Treg
function.

In 2000, a transcription factor denoted T-bet has been identi-
fied as a factor that controls IFN-y production and Th1 develop-
ment.?’=3% The key role of T-bet in regulating IFN-y production
in Th1 cells is supported by studies showing profound suppres-
sion of IFN-y production and IL-12RB2 chain expression in
CD4* T lymphocytes from T-bet-deficient mice. The poten-
tial clinical importance of this finding is shown by the fact that
T-bet-deficient T cells fail to induce Th1-mediated experimental
colitis in the CD4* CD62L " -adoptive transfer model of colitis.*’
As CD in humans is associated with strongly increased expres-
sion of T-bet in lamina propria T cells,*” these data provide a
rationale for selective targeting of this transcription factor in this
disease. Such targeting has the potential advantage of targeting
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the functional activity of various proinflammatory cytokines,
simultaneously, rather than of a single cytokine (as in the case
of neutralizing anti-cytokine antibodies). However, it should be
noted that T-bet in antigen-presenting cells plays a protective
role in colitis.*!

Taken together, much progress has been made in understand-
ing the immunopathogenesis of IBD. Various studies point
toward an important role of cytokine signaling by IL-12 family
members in experimental colitis and IBD patients. These data
provide a rationale for the design of new therapeutic strategies
in IBD in the near future. In particular, anti-IL-12/IL-23 p40 and
anti-IL-23 p19 strategies should be considered.
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