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Abstract Tumour necrosis factor-α (TNFα) is thought to play a central role in the
immunopathology of Crohn’s disease, particularly since its levels are raised in
all types of cells, tissues and secretory fluids of these patients and in animal
models of the disease. In addition, TNFα has been found to modulate a number
of different processes within the network of inflammatory reactions and therefore
has become a target molecule for intervention studies.

In the past few years several compounds have been developed which neutralise
or impair the production of TNFα, e.g. monoclonal antibodies [infliximab (cA2),
CDP-571], TNF receptor p75-Fc fusion protein, pentoxifylline (oxpentifylline),
p65 antisense oligonucleotides and metalloproteinase inhibitors, thereby coun-
teracting the deleterious effects of this proinflammatory cytokine.

At present, successful treatment of active ‘refractory’ and fistulising Crohn’s
disease has been reported with anti-TNFα antibodies; more clinical studies are
in progress or will be performed with substances that intervene in the activation,
production and processing of TNFα. Although important aspects of this type of
immune-intervention therapy still need to be elucidated, e.g. long term effects,
mechanism(s) of action, identification of responders and nonresponders, etc., it
is obvious that the integration of basic and clinical research brings us to a new
era of specific cytokine-directed therapy in Crohn’s disease.
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Crohn’s disease is a chronic inflammation of the
gastrointestinal tract of unknown cause, often pe-
riodically active, and often in remission. The prev-
alence of the disease in the Western world is about
50 to 100 per 100 000, with an incidence rate of 1
to 10 per 100 000 per year, a figure which has
shown a tendency to increase over the past few
decades.[1] The disease is primarily localised in the
ileum and/or colon, with diarrhoea, abdominal pain
and general malaise as the most predominant
symptoms. Crohn’s disease, however, may also be

presented by extraintestinal manifestations such
as articular disorders, eye inflammation, dermato-
logical lesions or hepatic disorders. Moreover, the
disease is frequently complicated by fistulation,
stenosis or abscess formation.[1]

Although the currently available anti-inflamma-
tory medications in Crohn’s disease [sulfasalazine,
mesalazine (5-aminosalicylic acid), prednisolone]
are effective in suppressing disease activity, a con-
siderable number of patients (15 to 40%) either de-
velop or have a more complicated or ‘refractory’



disease.[1] In these cases, a more aggressive immu-
nosuppressive therapy is the usual choice of treat-
ment (for example azathioprine, 6-mercaptopu-
rine, cyclosporin or methotrexate). Most of these
drugs, however, are administered empirically. In
the past 10 years compelling evidence has become
available that demonstrates the involvement of the
immune system in the pathogenesis of inflamma-
tory bowel disease, based on which newer drugs
were and still are designed to interfere with immu-
nological systems and mechanisms.[2,3]

When the clinical symptoms of Crohn’s disease
become apparent it is usually the presentation of
the end stage of an immunological/inflammatory
response, which matches with that of an antigen-
driven process. Large numbers of neutrophils, T
cells and macrophages are recruited into the bowel
wall leading to a T-helper–1–mediated immune
reaction. They are activated by a variety of cyto-
kines and eicosanoids. When activated, they pro-
duce more cytokines and inflammatory mediators
leading again to more recruitment and activation of
cells, thereby constituting a circulatory loop of
inflammation.[2]

Several cytokines are present in colonic tissue
and/or the circulation of patients with active Crohn’s
disease, predominantly proinflammatory cytokines
such as tumour necrosis factor-α (TNFα) and inter-
leukin (IL)-1, IL-6 and IL-8. However, which of
those cytokines play(s) a crucial role in the patho-
genesis of the disease has not yet been elucidated.
A variety of end-products from the metabolism of
arachidonic acid have also been found to be in-
creased, e.g. leukotriene (LT) B4 and prostaglandin
(PG) E2, in the inflamed intestine. In combination,
this cascade of events results in the production of

more inflammatory mediators, destructive enzymes
and oxygen free radicals that finally lead to tissue
injury, as schematically presented in figure 1.

TNFα is thought to play a central role in the
orchestration of the mucosal immune response. Pro-
duced predominantly in monocytes, macrophages
and T cells, TNFα is primarily expressed as a 26kD
membrane protein which upon proteolysis is re-
leased as a 157 amino acid, 17kD monomeric pro-
tein. These monomers can associate into a homo-
trimer which then constitutes the active form of
soluble TNFα.[4,5]

Two receptors for TNFα have been identified
(TNF-R p55 and TNF-R p75), which are found on
a wide variety of tissue and cell types.[6,7] The
TNF-trimer can bind as many as 3 TNF receptors
and this cross-linking of receptors initiates signal
transduction within the target cell.[8] When TNFα
binds to TNF-R p55 a number of actions are initi-
ated, i.e. cytotoxicity, fibroblast proliferation, syn-
thesis of prostaglandins, upregulation of adhesion
molecules, nuclear factor binding the B site in the
enhancer element of the light chain immunoglobu-
lin κ gene (NF-κB) transcription factor activation,
etc.[9] The function of TNF-R p75 is less well under-
stood, but it is thought to concentrate soluble
TNFα.[10] In addition, the TNF receptors may be
released in a soluble form, upon proteolytic cleav-
age at the cell surface, and then serve as circulating
binding factors which regulate the biological activ-
ity of TNFα.

TNFα can induce distinct, overlapping, syner-
gistic or counter-regulatory bioactivities with other
cytokines and affects the proliferation, differentia-
tion or function of virtually every cell type. This
cytokine modulates a number of different pro-
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Fig. 1.  Sequence of events involved in the inflammatory process of the intestinal mucosa in Crohn’s disease.
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cesses like suppression of lipoprotein lipase activ-
ity, induction of IL-6, activation of endothelial cell
adhesion, increase of procoagulant activities and
proteolytic enzymes, and stimulation of fibroblast
proliferation.[11,12] All these TNFα-mediated bio-
logical processes contribute to the initiation, per-
petuation and derailment of the mucosal inflamma-
tory process and the subsequent abnormal tissue
repair in Crohn’s disease, as recently reviewed by
van Deventer.[11]

1. Reducing the Activity of Tumour
Necrosis Factor-α (TNFα)

There are several ways to reduce the production
or effects of TNFα, as reviewed by Eigler et al.[12]

and illustrated in figure 2. First, with anti-TNFα
antibodies the cytokine can be neutralised. There
are 2 antibodies currently available for clinical
studies, which bind to released TNFα trimers as
well as to membrane-bound TNFα. The first anti-
TNFα antibody applied is a chimeric (25% mouse,
75% human) monoclonal antibody immunoglobu-

lin (Ig) G1 [infliximab (cA2)], genetically engi-
neered using the variable region of the murine
monoclonal antibody A2. Another genetically en-
gineered anti-TNFα antibody, CDP-571, is of the
IgG4 subclass and contains about 95% human and
5% murine sequences, which in theory has mini-
mal immunogenicity in humans. Both drugs are
administered intravenously. In repeated doses
these anti-TNFα antibodies might induce human
anti-chimeric antibodies (HACA), which could in-
terfere with their biological efficacy due to immu-
noneutralisation of the drug.

In order to overcome this adverse effect of anti-
TNFα treatment, an alternative approach could be
the use of fusion proteins. A recombinant human
TNF-R p75-Fc fusion protein, TNFR:Fc, has al-
ready been developed. In this protein, DNA encod-
ing the soluble portion of the human TNF-R p75 is
linked to DNA encoding the C-terminal halves of
the immunoglobulin heavy chain (Fc) portion of
the human IgG1 molecule. The resulting immuno-
globulin-like protein is a competitive inhibitor of
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Fig. 2.  Schematic presentation of the successive steps in the production and activation of tumour necrosis factor-α (TNFα) and the
potential levels and substances of intervention strategies (see section 1). NF-κB = nuclear factor binding the B site in the enhancer
element of the immunoglobulin κ gene; PDE = phosphodiesterase.
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TNFα and prevents the binding of the cytokine to
its cell surface receptor.[13] Nevertheless, these pro-
teins, which must be administered intravenously,
may still be immunogenic, although they are en-
tirely composed of human protein sequences.

Transmembrane TNFα must be released by a
TNFα converting enzyme (a metalloproteinase) to
exert effect as a soluble cytokine. Metallopro-
teinase inhibitors have been shown to reduce TNFα
production. These TNFα convertase inhibitors re-
duce the release of TNFα in vivo and in vitro, but
do not alter the expression of membrane-bound
TNFα.[11]

Another method of intervention is interference
with TNFα production by modulation of the cyto-
kine transcription with phosphodiesterase (PDE)
inhibitors, which induce high intracellular cyclic
adenosine monophosphate (cAMP) levels and
thereby inhibit the production of TNFα.[14,15] For
example, pentoxifylline (oxpentifylline), the 1-5-
oxohexyl analogue of methylxanthine-theobromine,
has already been shown to be effective in vitro and
applied to treat several disorders.[16]

In trinitrobenzene sulfonic acid (TNBS)-induced
colitis and IL-10–deficient mice, the transcription
factor NF-κB p65 was found to be highly increased.
NF-κB p65 (one of the members of the NF-κB fam-
ily) has been shown to regulate the transcriptional
activity of the promoters of proinflammatory cyto-
kines, including TNFα in macrophages. Local ad-
ministration of specific p65 antisense oligonucleo-
tides in TNBS-induced colitis was proven to reduce
intestinal inflammation and the production of IL-1,
IL-6 and TNFα by lipopolysaccharide-stimulated
intestinal macrophages in a dose-dependent man-
ner.[17]

2. Therapy in Crohn’s Disease
with Anti-TNFα

Several studies in different animal models of
inflammatory bowel disease and assessment of
TNFα production in Crohn’s disease patients pro-
vided the rationale for immunoneutralisation stud-
ies in these patients (see the review by van Deven-
ter[11]). Administration of anti-TNFα infliximab

antibody was found to be of substantial benefit to
patients with active Crohn’s disease. The first
preliminary open-label studies in patients with
corticosteroid-refractory Crohn’s disease revealed
a complete clinical remission, a remarkable im-
provement of endoscopic features and substantial
improvement of biochemical parameters in a large
majority of the patients.[10]

To investigate the safety, tolerance and response
to this infliximab antibody, an open-label, multi-
center, dose-escalating study was performed in 20
patients with active Crohn’s disease who had been
taking prednisone ≥15 mg/day for at least 1 month.
They were treated with a single intravenous injec-
tion of either 1, 5, 10 or 20 mg/kg infliximab, 5
patients receiving each of these doses, and fol-
lowed for 12 weeks. 90% (18 of 20) showed a clin-
ical response during the first 4 weeks, i.e. a drop of
at least 70 points in the Crohn’s Disease Activity
Index (CDAI), without a clear dose-effect relation-
ship. Clinical remission (CDAI < 150 points) was
achieved in an average of 40% (20 to 60%) of the
patients, again with no major differences among
the doses. After 12 weeks, in the lowest dose group
only 1 of 5 patients included still had a response,
whereas in the other groups 2 to 4 patients were
still experiencing clinical benefit. The severity of
endoscopic lesions was substantially reduced in the
3 highest dose groups. One patient had a haemolytic
anaemia after 2 to 3 months and in 1 patient a par-
tial ileum resection had to be performed because
of intestinal obstruction.[18] Histological improve-
ment was seen in biopsies of 13 of the 15 patients
treated with the highest doses. The histological
score (range 0 to 16) dropped from 6.7 to 3.0 in the
ileum and from 7.6 to 3.0 in the colon.[19]

In the first controlled trial,[18] a total of 108 pa-
tients with active Crohn’s disease received either
0, 5, 10 or 20 mg/kg anti-TNFα infliximab anti-
body intravenously. Clinical response (a drop in
the CDAI by ≥70 points) was demonstrated in 17,
81, 50 and 64%, respectively, of the patients in the
different dose-groups. Combined response among
all the infliximab treatment groups was 65% (p <
0.001). The clinical response was achieved early,
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i.e. 61% of treated patients had a clinical response
at the second week versus 17% in the placebo
group. In addition, at 4 weeks 33% of the inflixi-
mab-treated patients were in remission, compared
with only 4% of the placebo group (p < 0.005),
which was accompanied by a significant endoscopic
improvement of ileocolonic lesions.[20] Even as early
as after 2 weeks the CDAI had decreased by a mean
of 100 points (all infliximab groups combined)
compared with 16 points in the placebo group (p <
0.001). A few serious adverse effects, such as infu-
sion-related reactions, abscess formation and in-
testinal obstruction, have been detected.[21]

This study was continued with those patients
who showed a good clinical response at week 8.
The patients were subsequently given 4 doses of
10 mg/kg anti-TNFα or placebo at 8-week inter-
vals. 73 of the 108 patients enrolled in this study.
The patients receiving retreatment with infliximab
had benefit until 44 weeks after the initial (active
disease) treatment. In the placebo group, progres-
sively fewer patients showed a response. At week
44 a better clinical response, though not statisti-
cally significant, and clinical remission (p < 0.05)
was observed in the treatment group.[22]

In a recently published study[23] of infliximab
treatment in Crohn’s disease, 94 patients with
longstanding single or multiple draining fistulae
(abdominal or perianal) were given 3 infusions of
placebo or infliximab 5 or 10 mg/kg at weeks 0, 2
and 6. Closure of at least 50% of the fistulae was
obtained in 67.7 and 56.3% of the patients in the 5
and 10 mg/kg groups, respectively, as opposed to
25.8% of the patients in the placebo group. The
median time to response was 14 days in the in-
fliximab group versus 42 days in the placebo
group. Thus, administration of anti-TNFα anti-
bodies caused a rapid closure of more than 50% of
the draining fistulae in a majority of the Crohn’s
disease patients.

CDP-571, the other anti-TNFα antibody for
clinical use, has been investigated in a controlled
pilot trial in 31 patients with active Crohn’s dis-
ease.[24] 21 patients received the active drug intra-
venously (5 mg/kg). The CDAI in these CDP-571-

treated patients fell significantly within 2 weeks,
while no effect was found in the placebo group. In
6 patients treated with CDP-571 remission was
achieved. Although these results are very similar
to those of the larger infliximab trial, the sustained
effects over a longer period, i.e. 4 to 8 weeks,
observed with infliximab were not found with
CDP-571. After a single injection human anti-
bodies to CDP-571 were detected in 35% of the
patients and only mild adverse reactions were re-
ported.[24] Other larger studies with this neutralis-
ing antibody are currently under way.

The mechanism(s) by which the genetically
engineered anti-TNFα antibodies exert their activ-
ity has not yet been fully elucidated. Neutralisa-
tion of circulating and cell surface–bound TNFα,
thereby intervening in the activated immunologi-
cal cascades of cytokine production and immune
cell stimulation, seems to be the primary function.
Direct cytotoxicity (depletion) by antibody- and
complement-mediated lysis of TNFα-bearing cells
seems to be less important since CDP-571 IgG4

does not fix complement, as opposed to the inflix-
imab IgG1. Further studies in the near future will
certainly reveal more routes by which these anti-
bodies act.

Modulation of cytokine production by interven-
tion at the transcription level was investigated in
vitro with peripheral blood mononuclear cells and
intestinal biopsies in patients with active Crohn’s
disease and ulcerative colitis.[15] Pentoxifylline was
able to inhibit the release of TNFα by up to 50%
in the cells and tissues of these patients. Therefore,
it seems to be potentially an interesting drug for
patients with inflammatory bowel disease. How-
ever, in a preliminary open-label study with 16
corticosteroid-dependent Crohn’s disease patients,
pentoxifylline 400mg 4 times daily for 4 weeks
did not improve the CDAI or endoscopic score,
although in vitro TNFα production by peripheral
blood monocytes was considerably impaired.[25]

The efficacy of NF-κB p65 antisense oligonu-
cleotides to affect cytokine production was assessed
in vitro using intestinal macrophages of 18 Crohn’s
disease patients. A significant down-regulation of
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TNFα, IL-1 and IL-6 production was observed
which was more pronounced with the p65 antisense
oligonucleotide than with corticosteroids or mes-
alazine.[17] The recent preliminary observation of
an effective treatment of corticosteroid-dependent
Crohn’s disease with antisense oligonucleotides to
intracellular adhesion molecule–1, which is also
under the control of TNFα, indicates the feasibility
of using these substances as systemic drugs.[26]

3. Future Therapy with Anti-TNFα
in Crohn’s Disease

For the future, it is expected that a shift will take
place in the management of patients with refractory
Crohn’s disease. The success of the first trials with
anti-TNFα antibodies has encouraged the design of
newer studies. Although not all modes of therapy
with these antibodies have been extensively stud-
ied to date in Crohn’s disease, it is evident that
neutralising anti-TNFα antibodies are good candi-
dates to become successful drugs. Further large-
scale studies of such agents, in combination with
other immunomodulatory drugs, but also as pri-
mary therapy or to maintain steroid-induced remis-
sion in Crohn’s disease, are to be anticipated. How-
ever, at the same time more information must be
obtained on optimal dosage, long term efficacy and
adverse effects, (genetic) identification of (non)re-
sponders, underlying activity mechanisms, etc.

The recently performed controlled study in rheu-
matoid arthritis in which 180 patients were treated
with subcutaneous injections of the TNFR:Fc com-
pound led to the conclusion that it was well toler-
ated and associated with improvement in the
inflammatory symptoms of these patients. In addi-
tion, no antibodies to TNFR:Fc were formed and
there were no dose-limiting toxic adverse ef-
fects.[27] It might be expected that similar studies
in Crohn’s disease based on these encouraging re-
sults will be performed in the near future, although
negative results have been reported in the treatment
of septic shock with this fusion protein.[28]

Clinical studies in Crohn’s disease with drugs
which intervene in the production and processing
of TNFα, e.g. with antisense oligonucleotides, new

and selective PDE inhibitors, metalloproteinase in-
hibitors or anti-inflammatory cytokines like IL-10,
have not yet been reported in detail (only some
preliminary or anecdotal data are available),[2,3,11]

but future clinical studies are being designed. For
these strategies, however, important aspects includ-
ing route of administration, adverse effects, toler-
ability and mode of action should also be analysed
further in animal models and in patients. Nonethe-
less, an exciting new array of immune-intervention
strategies for Crohn’s disease is emerging.
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