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Tumour necrosis factor in mouse models of chronic intestinal inflammation

CHRISTOPH MUELLER
Division of Immunopathology, Department of Pathology, University of Bern, Bern, Switzerland

INTRODUCTION

Tumour necrosis factor (TNF) plays a crucial role in the
initiation and amplification of inflammatory reactions.
These properties thus make TNF an obvious target for
modulating excessive inflammatory reactions that may
otherwise lead to deleterious tissue damage in chronic
inflammatory disorders such as rheumatoid arthritis and
inflammatory bowel disease (IBD).

Recent work, however, has also provided compelling
evidence for anti-inflammatory activities of TNF, thus even
further increasing the complexity of TNF-mediated func-
tions. Hence, it will be instrumental for an optimal design
of TNF-targeted therapies to define the critical effects
mediated by TNF in distinct stages of the inflammatory
disorder and to identify the critical target cells for the action
of TNF.

At mucosal sites the local immune system is constantly
faced with the considerable task of coping with tremendous
amounts of antigens without causing bystander tissue
damage, but at the same time efficiently removing poten-
tially damaging agents. Hence, even slight alterations in
the immunoregulatory network may have deleterious con-
sequences that may lead to severe tissue damage or systemic
infections. For this reason some of the recently described
animal models of chronic intestinal inflammation have
become important tools not only for the understanding of
the pathogenesis of IBD, but also for our understanding
of the regulation of inflammatory reactions in general
and for the development of novel therapeutic strategies to
modulate excessive, deleterious inflammatory reactions.

TUMOUR NECROSIS FACTOR

TNF is produced by a wide variety of cell types. Although
monocytes and macrophages are considered to be the main
producers of TNF, T and B cells, and also mast cells,
produce significant amounts of TNF. Intestinal epithelial
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cell lines are induced to synthesize TNF upon infection
with invasive bacterial strains.’

Induction of TNF synthesis involves binding of the
lipopolysaccharide (LPS)-LPS-binding protein complex to
CD14 on monocytes, activation of Toll-like receptors
(as demonstrated for mycobacterial-induced synthesis of
TNF in macrophages?) or antigen-specific activation of
T cells. Other known stimuli of TNF formation include viral
infections and staphylococcal enterotoxins.® The TNF-
inducing stimuli mainly act by activating the mitogen-
activated protein kinase (MAPK), extracellular signal-
regulated kinase (ERK) and stress-activated protein kinase
(SAPK)/c-Jun N-terminal protein kinase (JNK) pathways.*
Depending on the cell type, these signalling pathways may
either act together or alone to recruit the specific transcrip-
tion factors to the TNF promoter region. Analysis of the
TNF locus has revealed binding sites for several transcrip-
tion factors, including activation protein (AP)-1, AP-2,
nuclear factor (NF)-AT, NF-kB, ETS, Sp-1 and CCAAT/
enhancer-binding protein (C/EBP), as shown in refs 4 and
5. The use of different signalling pathways and recruitment
of different transcription factors allows a cell-type specific
regulation of TNF transcription. The synthesis of TNF,
however, is not only transcriptionally regulated, but is also
subject to post-transcriptional regulation. In particular, the
3’ untranslated region (UTR) of the TNF transcript con-
tains adenosine/uracil-rich (AUUUA) repeats (AU-rich ele-
ments, ARE). These ARE destabilize TNF mRNA® and
appear to repress translation of the TNF mRNA. Several
proteins, including tristetraprolin, have been shown to bind
to the ARE of TNF mRNA. Mice deficient for tristetraprolin
develop signs of chronic inflammatory disorders such as
dermatitis and cachexia, but apparently no signs of intestinal
inflammation.”

TNF mediates its pleiotropic functions through binding
as a trimer to either TNF-receptor (TNF-R)1 or TNF-R2.
The structurally related lymphotoxin (LT) also binds to
TNF-R1 and -R2, as a LTa homotrimer, thus resulting in
partially overlapping functions for these structurally related
cytokines. The binding of TNF trimers to the preassembled
TNF-R complexes leads to a change in the orientation of
the different TNF-R chains, thus facilitating signal trans-
duction through the rapid recruitment of the three types
of downstream signalling molecules: tumour necrosis factor
receptor-associated factors (TRAF), c-inhibitors of apo-
ptosis (c-IAP) and death domain-containing proteins
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(reviewed in ref. 8). The composition of a signalling complex
may depend on various other factors, such as the activation
and differentiation stage in a given cell type, and probably
influences important cellular decisions, such as whether the
cell will undergo apoptosis or induce IkB phosphorylation
with subsequent NF-kB translocation into the nucleus and
induction of (proinflammatory) gene transcription.

TNF-R1 and TNF-R2 are coexpressed on most cell
types. Transfection experiments, receptor-specific antibodies
and experiments with gene knockout mice have shown that
TNF-R1 is the dominant signalling receptor (at least for
soluble 17000 molecular weight [MW] TNF trimers). TNF-
R1 can signal apoptosis and activate the transcription factor
NF-kB. TNF-R2 can directly signal certain activities in
lymphocytes such as NF-kB activation, and may also play
an auxiliary role by passing TNF to TNF-R1.°

INFLAMMATORY BOWEL DISEASE

Crohn’s disease and ulcerative colitis represent the two
major clinical entities of chronic relapsing IBD. In patients
with active ulcerative colitis, only the mucosa and superficial
submucosa of the large bowel are affected. Inflammation
typically begins in the rectum and extends proximally to
involve the colon to a variable degree. Microscopically, an
accumulation of neutrophils, plasma cells and T cells is seen.
Neutrophils may migrate through the epithelium to the
crypt lumen to form crypt abscesses, which are typically
found in histologies of ulcerative colitis. In patients with
Crohn’s disease, any part of the gastrointestinal tract may
be affected, although the terminal ileum is most often
affected. In contrast to ulcerative colitis, in patients with
Crohn’s disease, all layers of the intestinal wall can be
affected and fissuring ulceration and fistula are common
complications in active Crohn’s disease. The inflammation
in Crohn’s disease is highly discontinuous and highly
affected mucosa may alternate with macroscopically normal
looking mucosa. Microscopically, transmural inflammatory
infiltrates with neutrophils, plasma cells and lymphocytes
are detected. Formation of granulomas with epitheloid
cells is found in approx. 60% of the patients. Despite clinical
and histological differences, 5-10% of cases of IBD are
still diagnostically indistinguishable. For some time it has
been debated whether ulcerative colitis and Crohn’s
disease indeed represent separate entities. This has been
widely accepted, and it is generally agreed that both ulcer-
ative colitis and Crohn’s disease represent diseases with
heterogeneous causes, but share similar mechanisms of
disease-perpetuating factors.'®

In the past, several factors, including familial disposi-
tion, psycho-social factors, dietary factors and bacterial or
viral infections, have been postulated to contribute to the
initiation and/or perpetuation of the disease. Our improved
understanding of immunoregulatory mechanisms and the
increased interest of the research community in mucosal
immunity have led to a large number of studies focusing on
the role of aberrant immune reactions in the pathogenesis
of IBD. Consequently, in the past few years evidence for
a crucial involvement of a dysregulated immune response

in the intestinal mucosa in patients with IBD has been
accumulating.

Immunopathogenesis of IBD

With the emergence of novel animal models for colitis and
ileitis in the 1990s, direct evidence for deregulated immune
responses, as an underlying defect for the development
of chronic inflammatory disorders in the intestine, was
obtained. Based on the available data on the functions
exerted by the targeted genes, the spontaneous development
of colitis in some mouse strains deficient for immuno-
logically relevant genes, however, was not anticipated.
Hence, in the initial description of the interleukin (IL)-2
mice, no indication for histopathological alterations in the
intestinal mucosa was published!! and the spontaneous
development of colitis in these IL-2-deficient mice was not
reported until more than 2 years later.'” The concomitant
observation of spontaneous onset of colitis in mice lacking
T-cell receptor (TCR)-o, TCR-B, major histocompatibility
complex (MHC) class II and IL-10, has dramatically
changed our understanding of the pathogenesis of chronic
inflammation in the intestine and subsequently several other
mouse strains deficient for immunologically relevant genes,
including transforming growth factor-B (TGF-f), the
G-protein Gai2, Smad3 and, more recently, the p55
subunit of the NF-kB complex,'? joined the list of gene-
deficient mice developing severe colitis in a susceptible
genetic background when kept under conventional con-
ditions of maintenance (Table 1). In general, in these
animal models the incidence and kinetics of colitis induc-
tion may vary considerably depending on the genetic back-
ground of the mice and the composition of the intestinal
flora (see ref. 14 for a review of most animal models). Trans-
genic overexpression of certain immunologically relevant
genes, such as IL-7, signal transducer and activator of
transcription-4 (STAT-4) or CD40 ligand (CD40L), also
results in the spontaneous development of colitis in mice.
In another category of mouse models of colitis, the
spontaneous onset of disease can be attributed to an
impaired permeability of the intestinal epithelium. Of
particular interest in this category of IBD mouse models
is the development of a Crohn’s disease-like disorder in mice
expressing a dominant-negative mutant of N-cadherin
under the control of the rat intestinal fatty acid-binding pro-
tein (IFABP) promoter. The expression of the dominant-
negative mutant of N-cadherin greatly affects prolifera-
tion, migration and death programmes in crypt cells and
consequently also the permeability of the entire small
intestinal epithelium.'®> A third category of mouse models
of intestinal inflammation is based on the transfer of
undifferentiated T cells or bone marrow cells in a host in
the absence of (most) regulatory cells. A widely used
mouse model of this latter category uses the transfer of
CD4 CD45RB" T cells into immunodeficient severe com-
bined immunodeficiency (SCID) mice or recombination
activating gene-deficient (RAG2~/~) mice.'®!” Depending
on the number of transferred CD4 CD45RB™ T cells, the
genetic background of the mice and particularly on the
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Table 1. Mouse models of spontaneous inflammatory bowel disease

Category Examples Reference

Mice deficient for an immunologically relevant gene TCR-a~/~ 49
TCR-p~'~ 49
MHC class 117/~ 49
TGF-p~/~ 50
L2/~ 12
IL-10~/~ 51
Goi2 '~ 52
Smad3 '~ 53
Cathepsin D™/~ 54
NF-kB p55%~/~ 13
TNF AARE 30

Transgenic mice overexpressing disease-promoting factors STAT-4 56
IL-7 55
CD40L 57
Antigen-specific TCR-of3 58

T cell differentiation in the absence of regulatory cells CD4 CD45Rb"-SCID 16

or RAG1/27/~ mice
Bone marrow — human CD3e 59
transgenic mice (Tg26 mice)

Selective breeding C3H/HeJBir 60
Sampl/Yit 23

Impaired barrier function of the intestinal epithelium N-cadherin dominant-negative mutant 15
mdrla 61
Trefoil factor /1 62
GFAP-targeted eneteric glial-cell depletion 63

*The incidence of spontaneous colitis is increased in a nuclear factor (NF)-kB p65*/~ background.

TRequires environmental stress for the full development of colitis.

AARE, adenosine/uracil-rich deletion mice; CD40L, CD40 ligand; IL, interleukin; GFAP, glial fibrillary acidic protein, MHC, major
histocompatibility complex; RAG, recombination activating gene; STAT, signal transducer and activator of transcription; TCR, T-cell receptor;

TGF, transforming growth factor; TNF, tumour necrosis factor.

intestinal flora of the recipients, mice start to show signs of
weight loss and persistent diarrhoea from 2 to 10 weeks
post-cell transfer. Histologically, concomitant with the
onset of clinical signs of colitis, epithelial erosion of the
colon with apoptotic colonocytes in the gut lumen, crypt
abscesses, increased cellularity of the colonic lamina
propria and loss of goblet cells are observed.'®!? 1t
is generally believed that in the absence of IL-10- and
TGF-p-secreting regulatory T cells (e.g. CD4" cytotoxic
T-lymphocyte antigen-4* [CTLA-4%] CD4 CD45RB!
T cells),®® the polarized differentiation of the transferred
CD4 CD45RBM T cells into T helper 1 (Thl) effector cells
and their subsequent expansion leads to the development
of clinical and histopathological signs of colitis.?!-*

C3H/HeJBir mice are a substrain of the C3H/HeJ mice,
obtained by selective breeding for the spontaneous devel-
opment of heritable, idiopathic colitis. The Sampl/Yit
mice have been derived from AKR mice and spontaneously
develop a transmural inflammation, preferentially in the
terminal ileum, after reaching >20 weeks of age.>* These
two models are important tools to define genetic, immuno-
logical and environmental factors leading to the devel-
opment of an ulcerative colitis and a Crohn’s disease-like
disorder, respectively.

Although to date no mouse model of colitis has been
able to completely mimic all aspects of the pathogenesis,
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the clinical signs and the histopathological signs of ulcer-
ative colitis or Crohn’s disease in humans, they provide
a unique opportunity for investigating distinct aspects of
the pathogenesis of Crohn’s disease and ulcerative colitis,
to identify novel targets for potential future therapies.

EVIDENCE FOR AN INVOLVEMENT OF TNF IN
IBD AND COLITIS IN EXPERIMENTAL ANIMALS

TNF is generally expressed on a mRNA and a protein level
at almost all sites of inflammation. Hence, it is certainly
not surprising that TNF mRNA-expressing cells are found
in patients with active IBD and mouse models of colitis
(Fig. 1).

More direct evidence for an instrumental role of TNF
in the initiation and perpetuation of colitis in experimental
mouse models and IBD have been obtained by the anal-
ysis of mouse strains that are either deficient for TNF or
overexpress TNF, and by targeting the biological effects
of TNF by the administration of TNF-binding mono-
clonal antibodies (mAbs) or soluble TNF-receptor fusion
proteins in patients with steroid-refractory Crohn’s disease
and in animal models of colitis.

Possibly the most compelling evidence for the central
role of TNF in the pathogenesis of IBD was provided by the
often spectacular results seen after treatment of patients
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Figure 1. TNF mRNA expression in the colon of a patient with active ulcerative colitis and in experimental colitis. In situ
hybridizations with specific TNF antisense probes reveal the presence of TNF mRNA expressing cells (arrows) in the affected:
from a patient with active ulcerative colitis (a), whereas numerous TNF mRNA expressing cells are found in the colonic
mucosa adjacent to the colonic lumen (L) in a RAG2~'~ mouse on day 24 post adoptive transfer of colitogenic CD4
CD45RB" T cells (b).

with steroid-resistant Crohn’s disease with a TNF-specific
mADb. In a first uncontrolled study in 10 patients with active
Crohn’s disease, a dramatic reduction in the concentration
of circulating C-reactive protein, phospholipase A2 and
IL-6, together with a considerable reduction in the Crohn’s
disease activity index (CDAI) were observed after a single
infusion with the humanized anti-TNF antibody cA2
(Infliximab™).?* These results were subsequently confirmed
in a larger controlled study,25 and this treatment seems to
be particularly successful in individuals who have Crohn’s
disease with enterocutaneous fistulas.?® At present it is
unclear whether the beneficial effects of such an anti-TNF
treatment are caused by the neutralizing capacity or by cell
depletion, e.g. by activating the complement system upon
cA2 binding to transmembrane TNF leading to the selective
removal of surface TNF-positive cells, which notably also
include functionally differentiated, activated Thl T cells.
The relatively long-lasting effect of a treatment with a single
infusion of cA2 may be an indication for this latter notion.
Repeated treatments of SCID recipients of CD4
CD45RB™ T cells with neutralizing antibodies against
TNF or sTNF-R1-Fcyl fusion proteins result in attenua-
tion or even prevention of colitis induction.?”*® Interest-
ingly, administration of a LTB-R-Fcyl fusion protein has
similar beneficial effects on the outcome of colitis induction
in SCID mice upon transfer of colitogenic CD4 T cells and
in bone marrow-reconstituted human CD3g transgenic mice
(Tg26 mice).?® Pretreatment of SCID mice before adop-
tive transfer of CD4 T cells from 30-week-old Sampl/Yit
donor mice prevents, or at least significantly attenuates, the
development of a Crohn’s disease-like inflammation.?
When TNF-deficient RAG2 ™'~ mice are used as recip-
ients of TNF-deficient CD4 CD45RB™ T cells, they are
protected from the onset of histopathological and clinical
signs of colitis, although transferred CD4 T cells expand con-
siderably and produce significant amounts of interferon-y
(IFN-y) upon ex vivo analysis. Intriguingly, despite their

capacity to produce TNF, CD4 CD45RB"™ T cells from
wild-type mice fail to induce colitis in TNF-deficient
RAG2~/~ mice. However, CD4 CD45RB" (but not CD4
CD45RB™) T cells from TNF-deficient donor mice induced
histopathological and clinical signs of severe colitis in
TNF-competent RAG2~/~ recipients, thus demonstrat-
ing that in this mouse model of colitis, T-cell-mediated
amplification of TNF production by host-derived cells is
critical for the induction of colitis. The nature of the critical
TNF-producing cell type in the recipient could not be
identified. In situ hybridizations at early stages of disease
revealed the presence of TNF mRNA-expressing cells in
the subepithelial and epithelial area adjacent to the gut
lumen, i.e. at sites where, in addition to epithelial cells,
macrophages and dendritic cells are present.!” When TNF-
deficient donor and recipient mice were used, the presence
of the lymphotoxin signalling pathway in recipient and
donor mice had no major effect on the development of
disease. A contribution of the lymphotoxin pathway in the
initiation of disease in transfer models of colitis, however,
has been previously obtained as both administration of
soluble TNF-R1 as well as LTBR-Fcy1 fusion proteins pro-
tected mice from developing colitis. The reasons for this
discrepant finding are not fully understood; however, as
lymphotoxin heterotrimer-expressing cells are preferentially
activated Thl cells, it is possible that the LTBR-Fcy1 fusion
protein exerts its protective activity by inducing a selective
depletion of the potentially colitogenic LTaf3,-positive cells.

Cell-type specific disruption in macrophages and
neutrophils of the stat3 gene results in the disruption of
IL-10 signalling in these cells and leads to the constitutive
activation of the myeloid cell populations. These mice
develop spontaneous colitis similar to that of IL-10~/~
mice, although elevated levels of IL-10 are produced in
these mice, thus demonstrating the importance of acti-
vated, TNF-secreting myeloid cells in the development of
colitis.*
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The importance of increased local TNF production
for the development of IBD-like disorders has been demon-
strated in mice with a targeted deletion of a 69-bp gene
segment encompassing the regulatory AU-rich elements,
resulting in a higher stability of the TNF transcripts and,
hence, enhanced TNF production upon cell activation.
These AARE mice spontaneously develop a granulomatous
Crohn’s disease-like disorder (and also arthritis-like inflam-
mation of the joints). In TNF-RI~/~ and TNF-RII~/~
AARE mice, the intestinal inflammation is greatly reduced.
For the spontaneous development of an ileitis, B or T cells
are required as AARE RAGI '~ mice show no intestinal
pathologies, even at an advanced age.°

TNF is synthesized as a 26000-MW transmembrane
precursor molecule, which is subsequently released as a
17000-MW monomer by the proteolytic capacity of a
metalloprotease named TNF-o converting enzyme (TACE).
Hence, prevention of the TACE-mediated secretion of TNF
has been proposed as a novel strategy to modulate the
proinflammatory properties of TNF in chronic inflamma-
tory disorders, particularly as administration of TACE
inhibitors has been found to protect mice from lethal
endotoxin-induced septic shock.>’ To directly assess the
relative in vivo contribution of the 26000-MW trans-
membrane precursor, and secreted TNF, respectively, to
the pleiotropic TNF-mediated effects, a mutant TNF
transgene, which lacks all three potential proteolytic
cleavage sites, was introduced into TNF-deficient mice. >
These mice are fully protected from endotoxin-induced
septic shock, whereas activated CD4 T cells from these
mice are still capable of lysing TNF-sensitive 1L929 target
cells.>> When these transmembrane TNF transgenic mice
are used as donors of CD4 CD45RB™ T cells and, upon
back-crossing to the RAG2 ™/~ background, as recipients,
colitis is induced even in the complete absence of
processing and secretion of TNF. This indicates that
inhibitors of TNF processing do not seem to be appropriate
for modulating the proinflammatory and disease-
inducing effects of TNF in this mouse model of colitis
(N. Corazza, T. Brunner, C. Buri, M. Imboden, C. Mueller,
submitted).

The mechanisms by which TNF initiates and amplifies
the inflammation in the intestine in human patients and
mouse models is probably highly complex and to date only
poorly understood (Fig. 2). Intravenous administration of
recombinant mouse TNF resulted, within 1 hr, in an acute
injury of the intestinal villi, associated with an exudative
enteropathy. Labelling studies demonstrated that older
(2-day-old) enterocytes are preferentially released into the
gut lumen, whereas crypt cells appear refractory to the
apoptosis-inducing effects of recombinant TNF.** Such
a TNF-induced accelerated loss of enterocytes may lead
to enhanced permeability of the epithelium and increased
influx of luminal antigens. In addition to TNF-mediated
apoptosis induction in enterocytes, the administration of
IL-12 also caused epithelial cell damage by activating
resident cytotoxic intraepithelial lymphocytes. This path-
way of enterocyte elimination seems to be independent of
TNF, as it is also operative in TNF ~/~ mice.*

© 2002 Blackwell Science Ltd, Immunology, 105, 1-8
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Figure 2. Possible disease-promoting effects of TNF in chronic
intestinal inflammation. Colitogenic CD4 T cells may recognize
luminal antigens on intestinal antigen-presenting cells and induce
the enhanced synthesis of TNF in intestinal macrophages (M¢) but
possibly also in other cell types. TNF can directly affect the
permeability of the intestinal epithelium by inducing an accelerated
apoptosis of epithelial cells (EC), but may also initiate and
perpetuate an inflammatory response through up-regulating adhe-
sion molecules on intestinal microvascular endothelial cells (IMEC)
and the enhanced expression of MHC class I and II antigens, but
also of co-stimulatory molecules, on dendritic cells (DC) and M¢
(and possibly also on EC), TNF-induced production of matrix
metalloproteases (MMPs) by stromal cells may lead to tissue
remodelling and the enhanced TNF-mediated secretion of kerati-
nocyte growth factor (KGF) may support a compensatory
proliferation of the intestinal EC resulting in an elongation of the
crypts. The enhanced production of pro-inflammatory chemokines
by colonic M¢, neutrophils (PMN) and intestinal EC may further
perpetuate the inflammatory reaction in the affected intestinal
mucosa.

In addition to these direct effects on the integrity of the
intestinal epithelial barrier, TNF acts indirectly by inducing
disease-promoting pathways in cells in the intestinal lamina
propria and draining lymph nodes. TNF is a potent inducer
of matrix metalloproteinases (MMPs) in stromal cells of
the intestinal lamina propria, as has been shown in fetal
gut explant cultures by Lionetti and co-workers.*® TNF-
induced production of MMPs leads to an increase in the
local ratio of MMP to tissue inhibitors of metalloproteases
(TIMP) and hence to increased extracellular matrix degra-
dation and ulceration. Increased expression of MMPs
has been observed by in situ hybridization at the sites of
ulceration in patients with active IBD.*’*® TNF-induced
production of keratinocyte growth factor (KGF) induces
rapid proliferation of enterocytes, leading to crypt hyper-
plasia. While the induction of crypt hyperplasia can be
regarded as a compensatory reaction to replace damaged or
infected enterocytes, the higher crypt to epithelial cell ratio
is also associated with a loss of absorptive functions of the
entire epithelium and leakier tight junctions. Under the
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influence of TNF, intestinal dendritic cells and macrophages
differentiate into ‘proinflammatory’ antigen-presenting
cells, which subsequently migrate into draining mesenteric
lymph nodes.>**** Together with IFN-y, TNF also induces
MHC class II expression on non-haematopoietic cells. An
increased expression of MHC class II antigens (human
leucocyte antigen [HLAJ]-DR and HLA-DP) is indeed a
consistent finding in the colonic mucosa of patients with
active inflammatory bowel disease,'® and some authors
therefore concluded that cytokine-induced (IFN-y, TNF)
enhancement of MHC class II expression on intestinal
epithelial cells represents a key factor in the onset of IBD.*!
TNF exerts profound effects on the rapid up-regulation of
adhesion molecules such as E-selectin, intracellular adhe-
sion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1) on human intestinal microvascular
endothelial cells.** This in turn greatly facilitates recruit-
ment of leucocytes to the inflamed intestinal mucosa,
particularly as TNF is also a potent inducer of pro-
inflammatory chemokines, found to be expressed at greatly
elevated levels in patients with active IBD**** and in mice
with colitis.*

IS TNF JUST THE BAD GUY IN IBD?

According to the results and conclusions reported in the
recent literature on inflammatory bowel disease and animal
models of colitis, one might reach the conclusion that
TNF-mediated activities in the gut have to be inhibited to
prevent further damage to the integrity of the intestinal
mucosa and that inhibition of TNF may have to be con-
tinued to ensure that patients remain in remission. However,
several reports indicate that chronic exposure of T cells to
TNF significantly depresses T-cell responses, such as in
autoimmune diabetes and experimental allergic encephalo-
myelitis (reviewed in ref. 46), although conclusive data are
still missing on whether prolonged neutralization of TNF
may enhance the risk of developing autoimmune disorders
in general. The earlier onset and increased exacerbations in
patients with multiple sclerosis treated with a TNF-binding
soluble TNF-R1-Fcy fusion protein (Lenercept™), when
compared with placebo-treated control groups,*’ may
indicate such a hyper-responsiveness of T cells when TNF
is neutralized for an extended period of time.

Owing to the non-redundant role of TNF in granuloma
formation, neutralization of TNF may furthermore greatly
impair the host response against intracellular pathogens,
particularly during mycobacterial infections.

Both TNF-R1 and -R2 are cleaved from the cell sur-
face and, under physiological circumstances, serum levels of
soluble TNF-R largely exceed bioactive TNF levels. During
inflammatory reactions, shedding of TNF-R is increased.
This also indicates that the kinetics of TNF secretion during
the early phase may be a decisive factor for the outcome
of an inflammatory reaction.

Despite the compelling evidence for a non-redundant
role of TNF in several mouse models of IBD, however, it
is still unresolved whether TNF represents an essential
disease-initiating and perpetuating factor in all mouse

models of colitis. Given the major impact of the intestinal
flora and genetic background on the kinetics of disease
development in mouse models of colitis, one may not
completely rule out the possibility of colitis induction, even
in the complete absence of TNF. Indeed, in TCRo. ™/~ mice,
which seem to depend mainly on an IL-4-driven immune
reaction for colitis development, no evidence for an
increased production of TNF was found during the early
stage of disease.*®

OUTLOOK

Animal models of IBD have contributed greatly to a better
understanding of the pathogenetic steps that are opera-
tive in IBD and helped to define novel strategies for an
improved, more specific treatment of chronic inflammatory
disorders. Despite the often spectacular results observed
after treating patients with TNF-binding antibodies, further
research is still required on the critical TNF-producing cell
populations, the crucial disease-promoting effects of TNF
and the target cells in the intestinal mucosa, and also on
how the successful TNF-binding antibodies and soluble
receptor fusion proteins exert their disease-attenuating
effect. Specific answers to these questions may allow us to
more specifically target TNF production in a cell-type
specific manner and to specifically block the disease-
promoting effects of TNF.

The mouse models of inflammatory bowel disease
will provide us with vital information for the design of
more rational therapies that may also include com-
binatorial therapies to block disease-promoting factors at
the optimal time to maintain patients in remission for an
extended time-period without the risk of major adverse
effects.
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