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Abstract. We analyse the costimulating role of CD40/CD40 ligand and B7/CD28 in inflammatory bowel
diseases (IBD) as a potential target of antibody therapy. CD40, expressed by lamina propria B lymphocytes
in gut mucosa, interacts with CD40 ligand on T cell. This interaction is implicated in the pathogenesis of
IBD. In some animal models of colitis the anti-CD40L therapy demonstrated to be effective. Phase |1 trials
on Crohn’s disease are ongoing. B7.1 and B7.2, expressed by macrophages, interact with CD28, on T cell.
B7.2 resulted implicated in ulcerative colitis, determining a Th2 pattern, whereas B7.1, a major Thl stimu-
lator, could be involved in Crohn’s disease. In some animal models of colitis anti-B7.1, but not anti-B7.2,
was effective. Anti B7 therapy was not yet tested in humans.
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Introduction

The aetiology of Inflammatory Bowel Diseases
(IBD), Ulcerative colitis and Crohn’s disease, is still
unknown. Some evidences suggest the presence of an
alteration of the immune response versus self or lumen
antigens (1). In fact, IBD are associated with a higher
incidence of autoimmune diseases (Sclerosing Cholan-
gitis, Systemic Lupus Erythematosus, Autoimmune
Anaemia, Pernicious Anaemia, Insulin-Dependent
Diabetes Mellitus, Idiopathic Thrombocytopenic Pur-
pura, Hashimoto's Thyroiditis) (2-6) and with extra-
colic events, like arthritis, Erythema Nodosum, uveitis,
due to the presence in the blood of immuno-com-
plexes. The response to immunosuppressive drugs (ste-
roids, azathioprine) is another prove that an immuno-
logical alteration plays a role in their pathogenesis.

Looking in depth, there is a switch of the intra-
luminal immunoglobulins from IgA to 1gG, with loss

of tolerance versus the luminal antigens (7-9). The as-
sociation with specific antibodies, like ANCA and
ASCA, is also an event that brings the IBD close to
the autoimmune diseases (10, 11).

Even if Crohn’s disease and ulcerative colitis sha-
re some similarities, they are 2 distinct diseases, in the
majority of the cases, with not only histological, but
also molecular differences.

In Crohn’s disease, we find macroscopically: scat-
tered lesions, stenosis, fistulas, deep ulcerations, ac-
companied by nodular swelling, with cobblestone ap-
pearance; microscopically: noncaseating-granulomas,
with epithelioid cells and multinucleated giant cells,
occurring in all the layers, from the mucosa to the se-
rosa, after the macrophages invasion. Then other in-
flammatory cells are implicated, including lymphocy-
tes and plasma cells, giving transmural inflammation.

In Ulcerative Colitis the intestinal disease is limi-
ted to the colon and the rectum, saving the ileum; ma-
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croscopically the lesions are continuous, with hyperae-
mic, edematous and granular mucosa, ulcerations are
frequent, but limited to mucosa, in long-standing di-
sease there are also pseudo-polyps. Fibrosis is uncom-
mon, as stenosis and fistulas, whereas more frequent
are bleeding and perforation. Microscopic features are:
an inflammation confined to mucosa, with inflamma-
tory infiltrate of neutrophils, lymphocytes, plasma cel-
Is and macrophages. The neutrophils usually invade
the epithelium and the crypts, determining crypt ab-
scesses. Glands show an altered architecture. Molecu-
larly, both the diseases have an high expression of
IFNy, IL-1, IL-6, TNFa (all cytokines of macropha-
gic origin), but in Crohn’s disease there is an increase
of IL2 and a reduction of 1L-4, whereas in ulcerative
colitis there is an higher expression of IL-4 and IL5.
Summarized these data suggest the prevalence of Thl
pattern in Crohn’s disease and of Th2 lymphocytes in
ulcerative colits (12-14).

Role of costimulators in T lymphocyte activation

According to recent studies, the activation of the T
lymphocyte against the antigen, requires two factors:
the presentation of the antigen by the antigen presen-
ting cell (APC) through MHC, and the contemporary
presence, on the surface of the 2 cells, of some molecu-
les, called “costimulators” (Fig 1). If the antigen is pre-
sented without the interaction between these receptors,
the lymphocyte becomes tolerant. The knowledge of
this mechanism has induced to think that these costi-
mulatory molecules could be implicated in the patho-
genesis of autoimmune-diseases and that blocking this
interaction, we could control the development and the
activity of many immune-disorders, included IBD.

Many molecules, expressed by APCs, demonstra-
ted to play a role as costimulators. We analysed the ro-
le of 2 of them in the tissue of IBD: CD40 and B7, to
hypothize a new target of antibody therapy.

CD40in IBD

CD40 is a costimulatory molecule that interacts
with CD40 ligand (CD40L or CD154), expressed by
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Figure 1. The T cell activity against the antigen requires a sec-
ond stimulus: the interaction between 2 costimulators (here ex-
pressed by CD40-CD40L). APC=Antigen presenting cell;
Ag=antigen; TCR=T cell receptor.

T lymphocytes. It is a member of the TNF receptors
family, has a molecular weigh of 48 Kdalton and is
composed by three domains: intracellular, trans-mem-
brane and extra-cellular (15). The CD40 is expressed
not only by traditional APCs, but also by other cells,
such as fibroblasts, endothelial cells (16) and some
epithelia (17, 18). In the normal colonic tissue the ex-
pression of CD40 is limited to the leukocytes of the
lamina propria and of lymphoid follicles. We found
that in non-specific inflammation (follicular proctitis,
non-specific colitis), the CD40+ cells were present
only immediately below the epithelium, where they
respond to stimuli of luminal origin, whereas in UC
these were diffusely distributed along the whole mu-
cosal space (19). According to Liu et al. (20) in
Crohn's disease CD40+ leukocytes are present also in
the submucosa and muscolaris propria, and lower
numbers also in the subserosal connective tissue. This
could be due to a different origin of the stimulus in
IBD and other inflammatory events. e analysed by
immunohistochemistry the expression of CD40 in the
colonic mucosa from 30 patients with ulcerative coli-
tis, 9 with Crohn's disease and 12 with non-specific
inflammation (follicular proctitis, non-specific colitis)
(19). In our study, CD40 was expressed by 21+11% of
the lamina-propria leukocytes in U.C., 24+9% in
Crohn's disease and 7+7% in non-specific inflamma-
tory events (p<0.005) (Fig. 2). Its expression in ulce-
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Figure 2. CD40 expression by lamina propria B lymphocytes
in ulcerative colitis (mean 21+11%), Crohn’s disease (mean 24
1+9%) and non-specific inflammation (mean 7+7%) (p<0.05).
U.C.=ulcerative colitis; C.D.=Crohn’s disease; N.S.l.=nonspe-
cific inflammation.

rative colitis, resulted also proportional to the state of
activity, according to histological, endoscopic and cli-
nical criteria (p<0.05). The double staining indicated
that sub-epithelial lamina propria CD40 cells in ulce-
rative colitis and Crohn’s disease are mostly B
lymphocytes (CD20+), typical of a specific immuno-
logic response.

The interaction between CD40 and CD40L, de-
termines a bi-directional stimulatory signal of the T
lymphocyte, that becomes activated, and of the B
lymphocyte, that expresses B7 family molecules on the
surface, becoming APC competent, and IL-1y, IL-6,
IL-10, TNF-a, leukotriene-a, and GM-CSF (21-
23). The block of this interaction should then make
the T lymphocyte tolerant and should reduce the ex-
pression of inflammatory cytokines by B lymphocyte,
like IL-1 and TNF-q, inhibiting the disease activity,
especially where and when the inflammation is more
severe. The efficacy of anti-CD40L therapy has been
studied in some animal models of colitis, induced by
CD45Rb(hi), Rag (-/-) (24) or TNBS (trinitrobenze-
ne-sulphonic acid) (25), with encouraging results. An-
ti-CD154 therapy was effective also in a model of ilei-
tis occurring in C57BL/6 mice after oral infection
with Toxoplasma gondii (26). From these studies the
CD40-CD40L interaction resulted essential to the
development of the inflammation and anti-CD154
mADb therapy could control the disease, reducing the

Th1 (IFNy) and increasing the Th2 response (IL-4).
The shift from a Thl to a Th2 immune response
should be mostly effective in Crohn’s disease, where
the disease is characterized by an increased Thl re-
sponse. Also the efficacy of anti-TNF therapy in
Crohn’s disease, is due to this phenomenon.

The anti-CD154 Antibody therapy has been also
tested in humans, on LES patients. A first anti-
CD40L antibody, hu5c8, demonstrated to be effective
in lupus glomerulonephritis, but unfortunately was
burdened by thromboembolic events (2 myocardial in-
farctions), so the study was interrupted prematurely
(27). Another anti-CD154 antibody, IDEC 131, was
safe and well tolerated on phase | and phase 11 trials in
LES, but efficacy, compared with placebo, was not de-
monstrated (28). A 11 phase trial with anti-CD40L
antibodies (IDEC131) on Crohn’s patients is ongoing
(29).

B7in IBD

Another co-stimulatory molecule, recently
analysed on IBD mucosa, is B7. It is expressed on
APC cells and interacts with CD28 or with CTLA-
4 on T-Lymphocytes (30). B7 family has many diffe-
rent forms, the most studied being B7-1 (CD80) and
B7-2 (CD86). CD80 is constitutive and has ten-fold
better affinity for CD28 than CD86 (31). CD28 is a
constitutive molecule, the interaction with B7 gives
an important co-stimulation signal activating the T
cell.

Instead CTLA-4 has an inhibitory effect, pre-
venting T-cell proliferation, especially binding the
CD80 (32). For that reason CD86, even with less af-
finity for CD28, results having more importance for
T-cell activation (31). CTLA-4 is not constitutive, but
is up-regulated following the T-cell activation, with
peak expression between 48 and 72 hours. The majo-
rity of this protein remains intracellular.

Rugtveit et al. (33), by immunohistochemistry,
analysed the expression of B7-1 and B7-2 from colo-
nic and ileal tissue of Crohn’s disease, ulcerative colitis
and controls. They found a common expression of B7-
2 in the inflamed as well as in the normal tissue, but
in the inflamed IBD mucosa B7-2 was increased and
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Figure 3. B7-2 (black) and IFN-y (gray) in Ulcerative colitis
(severe, moderate and mild) and in controls (where B7-2 is not
expressed).

appeared also the presence of B7-1+cells. The B7 po-
pulation was constituted overall by macrophages.

We too analysed (34), by Polimerase Chain Reac-
tion (PCR), the expression of B7-2 and B7-1 in the
large bowel mucosa of patients affected by IBD. The
patients were: 21 affected by UC, 9 by CD, 3 healthy
subjects. From our study we found B7-2 expression in
the large bowel mucosa of patient affected by ulcerati-
ve colitis, higher during the onset of the disease
(p=0.002) (Fig. 3). Surprisingly we did not find B7-2
expression in Crohn's disease or in controls, whereas
the IFN-y expression resulted similar in UC and CD,
increased respect to control. This could be explained
considering the B7-2 mostly implicated in the disea-
ses characterized by a prevalent Th2 lymphocyte acti-
vity (35).

If we consider anti-B7 therapy in some experi-
mental autoimmune diseases, we see that anti-B7-1
prevents the development of experimental autoimmu-
ne encephalomyelitis (EAE) in mice (switching from
a Thl to a Th2 response, with increase of 1L4) (36,
37), whereas anti-B7-2 suppresses the onset of diabe-
tes in nonobese diabetic mice (switching from a Th2
to a Thl response) (38).

The analysis of anti-B7 therapy in Chronic Ex-
perimental Colitis, induced in Scid mices, transferring
CD45RBhigh CD4+ Tcells from syngeneic mice, was
conducted by Liu et al (39). They found that in this
model of colitis, the anti-B7-1 but not anti B7-2 the-
rapy prevented the disease, reducing the IL-2 and
IFN-,, production by lamina propria CDA4+ cells. This

colitis, with a major Th1l response, is more similar to
Crohn’s colitis than ulcerative colitis, even if histologi-
cal patterns are of the latter.

This induce to think that anti-B7-1 therapy
could be useful in the treatment of Crohn’s disease and
anti-B7-2 therapy in the treatment of ulcerative coli-
tis. The inhibition of CD28 was similarly able to pre-
vent the colitis in murine model, whereas anti-
CTLA-4 treatment led to deterioration of the disea-
se. This confirm that CTLA-4 plays a role in the re-
gulation of T response and in maintaining the
lymphocyte tolerance.

Therapy with anti-B7 or anti-CD28 antibodies
has not yet been tested in humans, whereas anti-
CTLA-4 was used in patients affected by Rheumatoid
Acrthritis.

Conclusions

Costimulatory molecules show to play a major
role in the pathogenesis and activity of autoimmune
diseases. In IBD the interaction between CD40 and
CD40L is certainly implicated and promises to be a
valid target for specific antibodies therapy. Less clear
is the role played by B7-1 and B7-2, considering also
their possible interaction with CD28 or CTLA-4,
that have opposite functions on T-cell activation. An-
tibody-therapy against CD40L has been already safely
tested in patients affected by LES and its use in IBD
seems to be promising. An association with other an-
tibodies, like anti-TNF, is conceivable.
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