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Over the past three years, progress toward understanding
the pathogenesis of Crohn’s disease (CD) has acceler-

ated as a result of scientific achievement on two fronts. First,
over 30 different animal models of mucosal inflammation,
created by genetic or cellular manipulations, have focused
attention on the inflammatory mediators that are central to
the development of ileitis and colitis. Second, the availability
of inhibitors of specific inflammatory molecules, particularly

antitumour necrosis factor-alpha (TNF-� ), has allowed the
role of such molecules in human disease to be ascertained.

The central abnormality in human CD and most animal
models is an imbalance of proinflammatory and anti-
inflammatory mediators in the mucosa. An enhanced
T helper (Th) (Th1, interferon-gamma [IFN-� ] and/or
TNF-� ) response, and/or lack of a counterregulatory T-
regulatory (Tr) (Tr1, interleukin [IL] -10) or Th (Th3, trans-
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Targan SR. Biology of inflammation in Crohn’s disease: Mecha-
nisms of action of anti-TNF-� therapy. Can J Gastroenterol
2000;14(Suppl C):13C-16C. Several recent trials of intrave-
nously administered antitumour necrosis factor-alpha (TNF-� )
monoclonal antibody have shown dramatic responses among pa-
tients with Crohn’s disease. These results indicate a primary role
for TNF-� in the mediation of altered mucosal immune function
in this disease. Clinical responses in patients treated with a single
infusion of anti-TNF-� persisted for as long as one year. The pro-
longed period of clinical benefit shows that the effect of short term
TNF-� elimination remains long after the monoclonal antibody
has cleared the body. Corresponding in vitro investigation has
shown that T helper 1 (Th1) -mediated cytokine production of
interferon-gamma is downregulated in the involved mucosa to a
level consistent with that seen in uninflamed mucosa. These re-
sults suggest that TNF-� -specific augmentation of mucosal Th1
function is the process that is altered by removal of TNF-� and
that produces such persistent responses. Understanding how
TNF-� modulates mucosal Th1 function may lead to the defini-
tion of a key feature of Crohn’s disease pathogenesis.
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Biologie de l’inflammation dans la maladie de
Crohn : mécanismes d’action du traitement à
l’anti-TNF-�
RÉSUMÉ : Des perfusions d’anticorps monoclonal anti-facteur de
nécrose tumorale alpha (TNF-� ), administrées dans le cadre de plusieurs
essais récents, ont provoqué des réactions remarquables chez des patients
atteints de la maladie de Crohn. Les résultats indiquent que le TNF-� joue
un rôle important dans la médiation de la fonction immunitaire des
muqueuses touchées. On a observé des réactions cliniques d’une durée d’un
an après une seule perfusion d’anti-TNF-� . La durée prolongée du bienfait
clinique est le signe que l’effet de l’élimination à court terme du TNF-�
persiste bien au-delà de l’excrétion de l’anticorps monoclonal. Une
recherche parallèle menée in vitro a montré que la production d’interféron
gamma médiée par les lymphocytes T 1 auxiliaires (Th 1) dans la muqueuse
atteinte a été ramenée à une production comparable à celle observée dans
les muqueuses saines. Les résultats semblent indiquer que l’augmentation
spécifique de la fonction des Th 1 dans la muqueuse par le TNF-� est le
processus qui est modifié par l’élimination du TNF-� , d’où réactions
persistantes. Le fait de comprendre le mécanisme par lequel le TNF-�
module la fonction des Th 1 dans la muqueuse pourrait mener à la
caractérisation d’un élément clé de la pathogenèse de la maladie de Crohn.



forming growth factor-beta [TGF- ]) response results in
chronic mucosal inflammation in these animal models. In
the mucosa of many patients with active CD, the cytokines
critical for generation of a Th1 response (IFN-� and
TNF-� , IL-18 and IL-12) are increased.

TNF-� , a molecule produced by both macrophages and
T cells, exists in a transmembrane and a soluble trimeric
form. Antibodies to TNF-� may inhibit this action by
blocking its biological activity or by inducing the cells that
express TNF-� as part of the apoptotic process. The impor-
tance of TNF-� in CD-like inflammation has been directly
demonstrated in the TNF-� ‘knock-in’ model. The model,
which is engineered to produce high and persistent levels of
TNF-� , reproduces a transmural inflammatory ileal disease
similar to CD. This model requires T cells for inflamma-
tion; thus, the interplay between TNF-� and T cells is criti-
cal for disease expression. In the majority of mouse models,
antibodies to TNF-� either prevent or attenuate colitis.
This response is paralleled by a downmodulation of Th1 cy-
tokine production.

Blockage of TNF-� has profound effects in the mucosa.
These include downregulation of T cells capable of produc-
ing Th1 cytokines, expression of several adhesion molecules
and expression of T cell-activating ligands and receptors.
Results from studies of human CD reflect what has been seen
in animal models.

CYTOKINES AND MUCOSAL INFLAMMATION
Normal mucosa is in a state of perpetually controlled or or-
chestrated inflammation, characterized by an intricate bal-
ance of immune mediators in response to various antigenic
stimuli in a genetically regulated environment (1). Failure
of normal regulatory mechanisms, and perhaps persistent
antigen presence, may result in a lack of downregulation
of inflammation. Inflammatory bowel disease (IBD) patho-
genesis may be the result of an abnormal immune response to
a common antigen or may represent a failure to suppress the
normal immune response.

Macrophages and Th1 cells help to promote inflamma-
tion by producing proinflammatory cytokines, including
IL-1, IL-6, IL-8, IL-12, TNF-� and IFN-� , all of which in-
cite inflammation (2,3). Production of Th1-type cytokines
is stimulated by TNF-� (4,5). Macrophages and Th2 cells
produce anti-inflammatory cytokines, which include IL-4,
IL-10, TGF- and IL-1 receptor antagonist.

THE ‘IMMUNOSTAT’
The therapeutic effect of cytokines in the regulation of in-
flammation may be to reset the immune response, the im-
munostat, so that secretion of Th1 cytokines is balanced
against that of Th2, Tr1 or Th3 cytokines. The immunostat
properties of cytokines may persist beyond the point where
the therapeutic cytokine can be measured (in the case of
cytokine therapy) or where its absence can be detected (as
with the use of anticytokines). The extended clinical effect
of anti-TNF-� therapy, long after any antibody can be de-
tected in the patient, may be explained by the fact that the

level of IFN-� production in the intestine (as opposed to the
periphery) is dependent upon the presence of TNF-� and
suggests a mechanism by which anti-TNF-� may reset the
mucosal immunostat.

THE ROLE OF TNF-� IN THE PATHOGENESIS OF
MUCOSAL INFLAMMATION AND IBD

Several studies have detected increased TNF-� protein and
mRNA levels in mucosal biopsies from patients with CD
(6,7); others have not (8,9). Several recent trials of intrave-
nously administered anti-TNF-� monoclonal antibody
therapy have shown dramatic responses in CD (10,11).
These results show a primary role for TNF-� in the media-
tion of altered mucosal immune function and inflammation
in CD. The extended duration of clinical responses (up to
one year) in a small proportion of patients treated with a sin-
gle infusion of anti-TNF-� may be due to one or more
mechanisms, including the elimination of soluble TNF-� ,
blockage of transmembrane TNF-� function or the elimina-
tion of a cell or cells expressing transmembrane TNF-� . Thus,
the removal of TNF-� for a relatively short period of time by
anti-TNF-� antibodies results in a prolonged and sustained
downregulation of the hyperactive inflammatory state.
Anti-TNF-� therapy in the treatment of human CD re-
tains its effect long after elimination of the antibodies. This
finding suggests that the most important effect of blocking
TNF-� is a protracted adjustment of the level of immune
response within the mucosa.

The mechanism by which TNF-� regulates inflammation
in the gut of patients with CD is likely complex and multi-
factorial. To determine this mechanism, a series of in vitro
experiments were performed using specimens from patients
participating in clinical trials of anti-TNF-� (12,13). The
role of TNF-� in induction of the hyperactive T-cell state
known to be present in CD mucosa was evaluated in 10 pa-
tients with steroid-resistant disease (13). In this small
study, nine of 10 patients were evaluated at baseline and four
weeks after administration of a single infusion of anti-TNF-�
monoclonal antibody. Nine attained clinical and endo-
scopic remission, and six of the nine patients maintained re-
mission for eight weeks. The leukocyte chemoattractant
RANTES, derived from activated T cells, was detectable in
biopsy specimens taken at baseline, but not in samples taken
four weeks after the infusion (12). These results demon-
strate that anti-TNF-� downregulates the number, or acti-
vation state, of mucosal T cells and suggest that TNF-� is
critical for the maintenance of the hyperactive T-cell state
in CD.

The lengthy duration of response to one infusion of anti-
TNF-� monoclonal antibody was examined in another se-
ries of in vitro studies, performed in conjunction with an
open-label trial. In patients responsive to treatment with
anti-TNF-� , there was sequential downregulation of TNF-�
and IFN-� production in the mucosa. Th1 T cells were not
eliminated; rather, their function was reduced in inflamed
mucosa to a level comparable with that seen in nonin-
flamed mucosa. This reduction in Th1 cytokines suggests
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that TNF-� -augmented Th1 function, not simply Th1 func-
tion, was critical for disease pathogenesis. This decrease in
Th1 cell function persisted throughout the duration of the
clinical response (13).

Both studies demonstrated that anti-TNF-� therapy has a
profound effect on the level and function of activated T cells
within the mucosa, and confirmed that both a hyperactive
T-cell state and enhancement of Th1 cytokine are central to
pathogenesis. The presence of soluble or transmembrane
TNF-� in the mucosa plays a critical role in the mainte-
nance of this heightened and shifted T-cell response. Fi-
nally, the data suggest that the prolonged clinical benefit
seen with anti-TNF-� therapy may be affected through par-
tial reversal of these altered processes.

Monocytes, macrophages and T cells are the major pro-
ducers of TNF-� (14). Increased TNF-� levels are associated
with sequential increases in IL-1, IL-6 and IL-8 (15), and
vice versa. This correlative response suggests that TNF-�
functions early in the inflammatory cascade and that en-
hancement of Th1 cytokines is central.

TNF-� appears to have an important role in regulation of
the inflammation that characterizes CD (13,16-21). Patients
with IBD have greater numbers of mucosal TNF-� -produ-
cing cells (21-23) and higher levels of mucosal TNF-�
(17-21) than healthy individuals.

EXPERIMENTAL MODELS OF CYTOKINE
REGULATION OF MUCOSAL INFLAMMATION

Several rodent models of mucosal inflammation have been
refined using cellular and molecular manipulations of muco-
sal T-cell regulation. Most of these animals develop colitis
marked by overproduction of Th1-type cytokines, particu-
larly IFN-� and TNF-� . More recently, a rodent model of
mucosal inflammation characterized by increased numbers
and activity of Th2 cytokine production (IL-4) has been
generated by deletion of the T-cell receptor-alpha gene in
mice (23).

In Th1-type models, inhibition of the specific cytokines
responsible for initiation of a T-cell response (eg, anti-IFN-� ,
anti-TNF-� or anti-IL-12) either eliminates or ameliorates
the development of mucosal inflammation. Treatment of
these animals with the Th1 downregulatory cytokine, IL-10
(Tr1), with or without stimulation of local TGF- (Th3)
production, also inhibited inflammatory responses (24). The
roles of any one cytokine, a combination of cytokines and
anticytokines, developed to counteract their effects in hu-
man disease, can only be determined by clinical trials in
populations of patients with IBD.

Several studies in rodent models have defined TNF-� as a
critical factor in mucosal inflammation. The first model to
indicate such a role for TNF-� was the CD4+ CD45RBhigh

T-cell transfer to congenic or semisyngeneic mice with se-
vere combined immunodeficiency disease. The resulting in-
flammation was more severe in the large intestine, and
pathogenesis was characterized by the overproduction of
Th1-type cytokines (IFN-� ) (25,26). This model system is
similar to at least two-thirds of CD patients in whom cyto-

kine secretion undergoes a shift to a Th1 phenotype (25,26).
Production and synthesis of Th1 cytokines appear to be im-
portant for disease pathogenesis in this model, because treat-
ment with recombinant IL-10, anti-IFN-� or anti-TNF-�
monoclonal antibodies (inhibitors of Th1 development and
function) attenuates or completely eliminates the colitis (24).

Using a mouse model of trinitrobenzene sulphonic acid
(TNBS) -induced colitis, several studies have highlighted
the importance of TNF-� in mucosal inflammation. In this
model, the successful elimination of disease with administra-
tion of anti-IFN-� , anti-TNF-� or anti-IL-12 monoclonal
antibodies has proved that the colitis is Th1-dependent
(25-27). In another investigation, mice with chronic colitis
were treated by intraperitoneal injection of antibodies to
TNF-� and showed a marked improvement of both clinical
and histopathological signs of disease (25-27).

The predominant role of TNF-� in colitis was further
demonstrated by the finding that much more severe, indeed
lethal, disease could be induced in TNF-� transgenic mice
with TNBS-induced colitis (27). No significant colitis could
be induced in mice in whom the TNF-� gene had been inac-
tivated by homogeneous recombination. Complementation
of TNF-� function in TNF –/– mice by expression of a mouse
TNF-� transgene was sufficient to reverse this effect (25).
These studies, therefore, have provided direct evidence of a
predominant role of TNF-� in mouse models of Th1-
mediated chronic intestinal inflammation. Other studies us-
ing the TNBS model have demonstrated a dominant patho-
genic role of Th1 T-cell-derived cytokines, suggesting that
TNF-� may regulate inflammation by modulation of IFN-�
production (25-27). Determination of the mechanism by
which TNF-� regulates Th1 cytokines may lend great insight
into a component of the critical regulatory processes that ini-
tiate and perpetuate chronic intestinal inflammation.
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