
ABSTRACT

Crohn's disease (CD) and ulcerative colitis (UC) make up the
so-called chronic inflammatory bowel disease (IBD). Advances in
the understanding of IBD pathophysiologic mechanisms in the last
few years have allowed the development of novel therapies such
as biologic therapies, which at least theoretically represent a more
specific management of this disease with fewer side effects. Cur-
rently, the only effective and widely accepted biologic therapy for
the treatment of intraluminal, fistulizing CD, both for remission in-
duction and maintenance, is infliximab. The role of other mono-
clonal antibodies such as adalimumab is not clearly established. It
could be deemed an alternative for patients with allergic reactions
to infliximab, and for those with lost response because of anti-in-
fliximab antibody development. However, relevant issues such as
dosage and administration regimen remain to be established. Anti-
integrin α4 therapies, despite encouraging results in phase-3 stud-
ies, are still unavailable, as their marketing authorization was held
back in view of a number of reports regarding progressive multifo-
cal leukoencephalopathy cases. Immunostimulating therapy may
be highly relevant in the near future, as it represents a novel strat-
egy against disease with the inclusion of granulocyte-monocyte
colony-stimulating factors.

Regarding ulcerative colitis, results from the ACT-1 and ACT-2
studies showed that infliximab is also useful for the management
of serious UC flare-ups not responding to standard treatment,
which will lead to a revision of therapeutic algorithms, where this
drug should be given preference before intravenous cyclosporine.
In the next few years, the role of anti-CD3 drugs (vilisilizumab),
T-cell inhibiting therapies, and epithelial repair and healing stimu-
lating factors will be established.
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INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) make
up the so-called inflammatory bowel disease (IBD). Ad-
vances in the knowledge of this condition’s etiopathogene-
sis have been correlated to the development of novel thera-
peutic agents. Medical treatment is currently the
cornerstone for managing these conditions, and surgery is
reserved for complications or treatment refractoriness (1).
The available therapeutic armamentarium includes anti-in-
flammatory drugs (aminosalicylates and steroids), antibi-
otics, and immune modulators (azathioprine, 6-mercaptop-
urin, cyclosporin and methotrexate). All these drugs result
in a nonspecific suppression of inflammatory processes,
and their use during the past few years has determined a
relevant advance in BDI control. However, their efficacy is
limited and they are not exempt from side effects. Biologic
therapies, at least theoretically, would be more therapeuti-
cally effective with fewer side effects, and thus would rep-
resent more specific means for the management of the dis-
ease. The efficacy and safety of infliximab in intraluminal,
fistulizing Crohn’s disease (2-5), both for response induc-
tion and response maintenance, has resulted in research on
new biologic therapies directed against specific mecha-
nisms within the inflammatory process. 

BIOLOGIC THERAPIES

Biologic therapies are made up of five agent classes (6): 
1. Natural or modified preparations of biologic origin.

These include blood products, hormones, and vaccines
(with living, attenuated or dead organisms).
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2. Recombinant peptides or proteins.
3. Antibody-based therapies.
4. Nucleic acid-based therapies.
5. Gene and cellular therapies.
Biologic preparations used in clinical practice or cur-

rently under assessment for the management of IBD
mainly include recombinant proteins, antibodies and nu-
cleic acids.

FUNDAMENTALS OF BIOLOGIC THERAPIES

IBD is presently considered the product of an abnor-
mal immune response to harmless intraluminal antigens
occurring in a genetically predisposed host and resulting
in a chronic inflammation of the gastrointestinal tract in
association with tissue damage (7). 

Under normal conditions, the immune system can rec-
ognize harmless intraluminal antigens, versus which it
will exert immune tolerance. In the presence of various
pathogens, the immune system may initiate a number of
downregulated responses, thereby preventing tissue le-
sions and allowing the elimination of causal agents. The
fact that both CD and UC clinically manifest in a hetero-
geneous manner (site, severity, response to treatment) is
believed to result from a number of changes in im-
munoregulatory pathways, which in turn would reflect
the genetic variability of environmental influence (8).
Thus, IBD would be a consequence of a complex interre-
lation between genetic, environmental, and microbial
factors, which would induce a sustained inflammation of
the bowel mucosa supported by mucosal barrier changes
and immune system defects (9). 

The first defense line in the gastrointestinal tract is the
bowel epithelium, made up of a single cylindrical, epithe-
lial cell layer with tight intercellular junctions to create a
virtually impenetrable barrier for macromolecules (ex-
cept for nutrients and invasive germs). Furthermore, all
this is lined with mucus, which blocks the passage of
pathogens and intraluminal antigens into the lamina pro-
pria (8). In addition, secretory IgA agglutinates bacteria
and viruses into large complexes that are then included in
the mucus and cleared with the feces with no contact with
the epithelium (10,11). The mucosal barrier has been
seen to be disturbed in IBD, with the presence of abnor-
mal intercellular junctions and decreased mucus produc-
tion, which allows antigens to freely enter the lamina pro-
pria (8). During inflammation, tissue damage can be
repaired using cytoprotective factors such as the trans-
forming growth factor (TGF-α and TGF-β), trefoil factor,
epidermal growth factor (EGF), keratinocyte growth fac-
tor (KGF), interleukin 11 (IL-11), and growth hormone,
which upon secretion in the intestinal mucosa restore mu-
cosal integrity (12). Therefore, a potential class of bio-
logic therapies would include both trophic and growth
factors, as these would be able of restoring mucosal in-
tegrity, thereby inhibiting the immune response.

Under normal conditions, the mucosa contains a num-
ber of epithelial cells devoted to antigen presentation.
These include M cells, which transport intraluminal anti-
gens to lymphoid follicles or Peyer plates, and dendritic
cells, which through M cells or the sending out of prolon-
gations among enterocytes can capture and present intra-
luminal antigens to naive T cells in lymphoid follicles or
Peyer plates (8). Activated lymphocytes then secrete in-
terferon gamma (IFNγ) and IL-2, and non-differentiated
T cells maturate into effector T cells (Th1 or Th2) or reg-
ulator T cells (Th3 or Tr1) in response to stimuli received
from antigen-presenting cells (8,10). Excessive effector T
cell numbers leads to an excessive production of proin-
flammatory cytokines with the aim of eliminating the
pathogenic agent. Once their goal is achieved, anti-in-
flammatory cytokines, including IL-10, Th3 cells, and
trophic factors, arrest the inflammatory response. Defects
in this slowing mechanism lead to severe inflammatory
aggression to tissues, and the development of disease
clinical manifestations. In contrast, regulator T cell abun-
dance determines immune tolerance and anergy (13). 

Classically, Crohn’s disease has a Th1-type cytokine
profile resulting from immature T-cell exposure to IL-12,
IL-18 or IL-23. Th1 cells produce IL-2 and IFN-γ. IFN-γ
increases the expression of adhesion molecules in en-
dothelial cells, which facilitates inflammatory cell re-
cruitment and activates macrophages. The latter in turn
generate free radicals and large numbers of proinflamma-
tory cytokines (TNF-α, IL-1, IL-6, IL-8, IL-12, IL-18).
In patients with CD, intestinal mucosa T cells have been
shown to be apoptosis-resistant, which leads to T-cell ac-
cumulation and a perpetuation of inflammatory response
(9). This phenomenon seems to depend on IL-6, which
may activate anti-apoptotic genes in intestinal T lympho-
cytes (14). Ulcerative colitis has a Th2-type cytokine pro-
file characterized by IL-4, IL-5, and IL-10 production.
Th2 response implicates natural killer T-cell (NKT) acti-
vation, and these cells may be responsible for inflamma-
tion through IL-13 production (15). It is currently accept-
ed that ulcerative colitis entails a mixed, Th1 and Th2
immune response, which would account for the response
elicited using anti-TNF therapy. It is also currently ac-
cepted that CD is characterized by high IFN-γ and low
IL-13 production, whereas UC is characterized by high
IL-13 production in intestinal lamina propria cells (15).
Inflammation as induced in the intestinal mucosa is am-
plified by the recruitment of circulating “naïve” T cells,
activated T cells, and polymorphonuclear cells into in-
flamed areas through an interaction between adhesion
molecules expressed in the surface of lymphocytes and in
endothelial cells. Thus, “naïve” T cells are captured by
mesenteric nodes through an interaction of T-cell-associ-
ated L-selectins with their ICAM-1 ligand, whereas acti-
vated T cells travel to Peyer patches through an interac-
tion between integrin α4β7 and its counterligand
mucosal adressin, a molecular adherence molecule (Mad-
CAM-1) (16). Proinflammatory and anti-inflammatory
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cytokines, the various cells playing a role in the inflam-
matory cascade, and the mechanisms involved in lym-
phocyte recruitment in inflammation sites are all poten-
tial targets for biologic therapies. 

It is currently considered that dendritic cells in charge
of the immune response are responsible for inflammatory
response tolerance or activation mechanisms, determine
whether said response is to be of Th1 or Th2 type, and
link both innate and adaptive immunity. In patients with
Crohn’s disease it has been found that selected dendritic
cells produce high TNF-α levels in response to polysac-
charide LSP (endotoxin from gram-negative bacteria)
(17), and the modulation of these cells’ activity has been
suggested to have a potential therapeutic role.

It is long known that a genetic component plays a role in
the pathogenesis of IBD, since the prevalence of this dis-
ease is much higher among members in one family. Genet-
ic disturbances in relation to Crohn’s disease are best
known. The first one is related to gene NOD2/CARD15
(C-terminal caspase recruitment domain) within chromo-
some 16; this gene codes for a protein that is essential in
antigen recognition (bacterial polysaccharides), and for
NFκB activation, the latter being a nuclear factor playing a
role in the transcription of proinflammatory cytokines
(18,19). Interestingly, mutations in this gene result in de-
creased NFκB activity, and a downregulation of inflamma-
tory processes (9). To this moment three potential explana-
tions have been suggested, which are based on
experimental studies in mice with NOD2 gene mutations:
a) in these mice bone marrow-derived macrophages re-
spond excessively to the bacterial muramyl dipeptide, thus
increasing IL-1β production, which would stimulate NFκB
(20); b) loss of function in NOD2 mutation would affect
epithelial cells in bowel crypts rather than macrophages
(21); c) mouse cell lines expressing mutated or absent
NOD2 together with TLR2 (type-2 toll-like receptor) after
stimulation with muramyl dipeptide have been seen to in-
duce increased NFκB activation via TRL2-dependent
pathways; therefore, the function of NOD2/CARD15 may
be inflammation control via TLR2 receptors. NOD2 muta-
tions would increase proinflammatory cytokines through
non-inhibited TLR2s (22). A second gene involved in
Crohn’s disease is IBD5, sited in chromosome 5. This gene
codes for two proteins (OCTN1 and OCTN2) that are pre-
sent in epithelial cells, macrophages, and T but not B lym-
phocytes. Genetic defects may bring about a decrease in
carnitin transportation in epithelial cells, and hence an in-
terruption of β-oxidation. Alternatively, they may increase
bacterial antigen transportation, and upregulate immune
response (23). In UC, allelic variations of the MDR1 gene
determine disease extension and susceptibility, as well as
response to treatment (24). Genetic disorders are complex
and manifold in inflammatory disease, and gene therapy is
thus of little viability in this disease; however, knowing
them allows to better understand etiopathogenic mecha-
nisms, and the response to and toxicity of the various ther-
apeutic agents (9).

Toll-like receptors (TLRs) were unveiled in 1990;
these receptors recognize pathogen-associated molecular
patterns (PAMPs) that are shared by many microbial
agents. These receptors are located in epithelial cells, en-
dothelial cells, macrophages, and other immune system
cells. Their activation ultimately activates NFκB, which
in turn results in the synthesis of proinflammatory cy-
tokines responsible for specific Th responses (8). Poly-
morphism and the varying expression of these receptors
have been associated with IBD (25,26), and may become
potential therapy targets in the future. The mechanism of
action of a number of probiotic agents may operate
through the induction of or an interaction with these re-
ceptors. Tables I and III summarize the characteristics
and major mechanisms of action of the main biologic
therapies for Crohn’s disease and ulcerative colitis. 

BIOLOGIC THERAPIES IN CROHN’S DISEASE

Anti-tumor necrosis factor alpha (anti-TNF)
therapies

Tumor necrosis factor alpha (TNF-α) is a proinflam-
matory cytokine produced by intestinal mucosa
macrophages, activated T lymphocytes, monocytes, and
mastocytes. TNF levels are very high in the serum, urine
and intestinal mucosa of patients with active CD. Several
therapies are designed to neutralize TNFα (Table II).

Infliximab

Infliximab was the first anti-TNF agent to prove effec-
tive in CD, and to receive approval for its treatment by
the European Agency for the Evaluation of Medicinal
Products and the FDA. Infliximab is a chimeric mono-
clonal IgG1 antibody against soluble and cell-membrane
TNF-α that binds the complement, favors antibody-medi-
ated cytotoxicity, and induces T-cell apoptosis (Table II)
(27). It is presently approved for remission induction in
intraluminal, fistulizing, active CD (perianal and entero-
cutaneous) in corticoid-dependent patients or individuals
unresponsive to standard treatment. It is used at doses of
5 mg/kg/i.v., administered on weeks 0, 2, and 6. Clinical
remission maintenance may be achieved with sporadic or
scheduled administration at doses of 5 mg/kg/i.v. every 8
weeks (3,4,28,29). The ACCENT I and ACCENT II tri-
als demonstrated the drug’s efficacy, its safety profile,
and the most appropriate dosage and administration
scheme (3,4). While infliximab is a well-tolerated drug in
most cases, severe side effects may develop, including
severe infection (3,4), lupoid syndrome (30), acute infu-
sional reactions and delayed hypersensitivity (5), de-
myelinizing conditions (31), heart failure (32), potential
increased risk for lymphoma (33), and death (5). Among
infections, reactivated latent tuberculosis should be high-
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lighted in our setting, which requires a detailed history,
chest x-rays, and a tuberculin test (with a booster in im-
munodepressed individuals) at baseline in all patents un-
dergoing this therapy. Reactivated infection with hepati-
tis B virus has recently been reported in carrier patients,
and thus this group of patients at risk needs detection
(34). A patient subgroup develops antibodies against in-

fliximab (ATI); these antibodies have been associated
with the development of delayed and post-infusional
acute reactions, and a loss or decrease in drug effective-
ness. Infliximab regular administration every 8 weeks,
together with concurrent immunosuppressant use, has
been shown to reduce antibody development from 30
to 8%, and to increase therapeutic efficacy. However, we
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Table I. Biological therapies either approved or under assessment for the treatment of Crohn’s disease

Drug & Biologic target Manufacturer Indication Research phase

Proinflammatory inhibitors
Anti-TNF therapies

Infliximab (chimeric monoclonal Centocor and Schering Plough Crohn’s disease Approved for therapeutic use by FDA
anti-TNF IgG1 antibody)

CDP571 (humanized monoclonal Celltech Crohn’s disease Failed phase 3/ failed phase 4
anti-TNF IgG4 antibody)

CDP870 (humanized PEG-bound fragment Celltech Crohn’s disease Phase 3
of anti-TNF Fab)

Etanercept (recombinant fusion protein Amgen Crohn’s disease Failed phase 2
made up of IgG1 Fc fragment bound to 
two human p75 TNF receptors)

Adalimumab (human monoclonal Abbott Crohn’s disease Phase 3
anti-TNF IgG1antibody)

Receptors

MRA (humanized anti-IL 6 receptor antibody) Roche Crohn’s disease Phase 2

Anti-inflammatory cytokines

Interleukin 10 Schering Plough Crohn’s disease Failed phase 3/failed phase 2

Interleukin 11 Instituto Genético Crohn’s disease Failed phase 2

Anti-leukocyte adhesion therapies

Natalizumab (humanized monoclonal IgG4 Elan Farmacéuticos y Biogénicos Crohn’s disease Phase 3, marketing suspended
antibody against integrin α 4)

Antegrem MLN-02,LDP-02 (humanized Millenium Phramaceuticals Crohn’s disease Phase 2
monoclonal IgG1 antibody against 
integrin α4-β7)

Alicaforsen, Isis 2302 (antisense Isis Pharmaceuticals Crohn’s disease Failed phase 3
oligonucleotide for ICAM)

Th1 polarization inhibitors

Anti-interleukin 12 antibody (humanized Abbot Crohn’s disease Phase 2
monoclonal IgG1 antibody against 
p40 IDL-12 receptor)

Fontolizumab (humanized anti-interferon Protein Design Labs Crohn’s disease Phase 2
gamma antibody)

Scarring and epithelial replacement

Somatropin (human recombinant growth hormone) Eli Lily Crohn’s disease Phase 2

Immunostimulation

Filgrastim (human recombinant granulocyte Amgen Crohn’s disease Phase 2a
colony stimulating factor)

Sargamostrim (human recombinant Berlex Crohn’s disease Phase 3
granulocyte-macrophage colony 
stimulating factor)
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Table II. Mechanism of action for the various anti-TNF agents

Agent Biologic structure Binds soluble Binds Binds Mediates Causes T-cell Effective in Effective only
TNF transmembrane complement ADC apoptosis non-selected in patients with 

TNF patients high CRP

Infliximab Chimeric monoclonal Yes Yes Yes Yes Yes Yes No
IgG1 antibody

Etanercept Fusion protein made Yes Yes No No No No ?
up of an IgG1 antibody 

bound to two humanized 
soluble p75 TNF receptors

Adalimumab Fully humanized Yes Yes Yes Yes Yes ? ?
monoclonal anti-TNF

antibody

CDP870 Humanized Fab Yes Yes No No ? No Yes
fragment bound 

to PEG

CDP571 Humanized monoclonal Yes Yes No No ? No Yes
IgG4 antibody

Onercept Fully humanized, Yes Yes No No No No ?
TNF-binding P55 

TNF receptor 

Modified from Sandborn W J and Faubion W A. Gut 2004; 53: 1366-73.

Table III. Main biologic therapies under assessment for the treatment of ulcerative colitis

Drug and biologic target Manufacturer Indication Research phase

Anti-TNF therapies
Infliximab (chimeric monoclonal anti-TNF IgG1 antibody) Centocor and Ulcerative colitis Phase 3

Schering Plough
CDP571 (humanized monoclonal anti-TNF IgG1 antibody) Celltech Ulcerative colitis Failed phase 4

Anti-inflammatory cytokines

Interleukin 10 Schering Plough Ulcerative colitis Failed phase 2

Anti-leukocyte adhesion therapies

Natalizumab (humanized monoclonal IgG4 antibody against integrin 4) Elan Farmacéuticos Ulcerative colitis Phase 3, marketing
y Biogénicos suspended

Antegrem MLN-02,LDP-02 (humanized monoclonal IgG1 antibody Millenium Pharmaceuticals Ulcerative colitis Phase 2
against integrin α4-β7)

Alicaforsen, Isis 2302 (antisense oligonucletide for ICAM) Isis Pharmaceuticals Ulcerative colitis Phase 3

T-cell proliferation inhibitors

Humanized daclizumab (antibody against interleukin 2 receptor) Protein Design Labs Ulcerative colitis Phase 2

Basiliximab (chimeric antibody against interleukin 2 receptor ) Novartis Ulcerative colitis Phase 2a

Anti-CD3 therapies

Visilizumab (anti-CD3 antibody) Protein Design Labs Ulcerative colitis Phase 2

Epithelial replacement and repair

Epidermal growth factor Heber Biotec Ulcerative colitis Phase 2

Keratinocyte growth factor (repifermin) Human Genome Sciences Ulcerative colitis Failed phase 2
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must point out that the number of patients with a post-in-
fusional reaction is relatively small (1-5%) (5), and only
rarely IgE-mediated hypersensitivity develops, which
precludes continued infliximab use (35). In general, reac-
tions may be avoided or controlled with a previous or
subsequent administration of acetaminophen, anti-hista-
mines, or corticoids.

Response attenuation or extinction regarding inflix-
imab is a complex problem with several factors potential-
ly implicated; one such factor would be ATI develop-
ment, but otherwise results from other overexpressed
proinflammatory cytokines or obstruction development
(36,37). 

These problems led to the development of new anti-
TNF drugs, including CDP571 and CDP 870, etanercept
and onercept, and adalimumab.

CDP 571

CDP 571 is a humanized, chimeric, monoclonal IgG4
antibody against TNF-α that is administered intravenous-
ly and whose mechanism of action is summarized in
table II. Phase-2 studies failed to confirm the expected
efficacy, and production stopped in Celltech (38,39).

CDP 870 (certolizumab pegol)

This is a Fab fragment of a humanized monoclonal an-
tibody that is linked to a polyethylenglycol molecule in
order to increase biologic half-life. It is administered sub-
cutaneously. CDP 870 binds soluble and membrane-
associated TNF, but being a Fab fragment induces no
antibody-mediated cytotoxicity or apoptosis in T lym-
phocytes. A phase-2 study that randomized 292 patients
with active CD to receive either placebo or CDP 870 sub-
cutaneously at a dose of 100, 200, or 400 mg on weeks 0,
4, and 8 showed that 400 mg were more effective and in-
duced earlier clinical responses at 2 weeks; however, no
significant results were obtained after 12 weeks (40).
When data were later analyzed by patient subgroup, those
with C-reactive protein > 10 mg/dl showed significantly
better responses at all doses versus placebo (41). A small
phase-2 study where the drug was intravenously adminis-
tered showed no significant results in association with
placebo (42). Two large phase-3 studies have been cur-
rently performed in patients with active CD, but results
have not been reported yet. In all studies the drug was
well tolerated, both through the subcutaneous and the in-
travenous route. 

Etanercept and onercept

TNF-α exerts its proinflammatory effect on binding
membrane receptors p55 and p75. Etanercept is an anti-

TNF-α agent approved for rheumatoid arthritis treatment.
It is a human protein resulting from the binding together
of an Fc fragment from a human IgG1 antibody and two
human TNF p75 receptors. Onercept is a recombinant
form of soluble TNF p55 receptor. Both drugs act by
binding the soluble and transmembrane form of TNF-α.
Phase-2 studies failed to prove it effective for CD treat-
ment (43,44).

Adalimumab 

This is a totally humanized recombinant monoclonal
IgG1 antibody that specifically binds soluble and trans-
membrane TNF-α, binds complement, favors antibody-
mediated toxicity, and induces T-cell apoptosis. Adali-
mumab is currently approved for use in the treatment of
rheumatoid arthritis, psoriatic arthritis, and early-onset
arthritis. In the last few years a number of studies (45-47)
in patients not tolerating infliximab or having lost re-
sponse to this agent were reported. These studies demon-
strated no cross hypersensitivity reactions between both
drugs, and showed that most patients responded clinical-
ly. A phase-3 study of 299 patients with CD to explore
dose-response showed that blood therapeutic levels are
superimposable to therapeutic concentrations in rheuma-
toid arthritis (48). We may currently conclude that this
drug may be safely administered to patients intolerant to
infliximab or who no longer respond to infliximab, is
well tolerated, may be administered through the subcuta-
neous route, and has side effects, the most common in-
cluding local reactions at administration sites. However,
the appropriate dosage and administration regimen is un-
known. Development of antibodies against adalimumab
has been described in treated patients with rheumatoid
arthritis (36), but their role in drug response and potential
hypersensitivity reactions is currently unknown regard-
ing patients with CD. Only 25% of patients with a loss of
response to infliximab have positive antibodies against
the latter drug, but we do not know whether this group of
patients will indiscriminately respond to adalimumab.
Further studies are needed to reveal the role of this anti-
body in CD.

Proinflammatory cytokine receptor inhibitors

Interleukin 6 (IL-6)

IL-6 is a proinflammatory cytokine, and both its and its
receptor (IL-6R) levels correlate with CD activity in hu-
mans and animal models. IL-6, upon binding its soluble re-
ceptor, stimulates an antiapoptotic gene cascade in T cells,
which leads to T-cell accumulation in the bowel mucosa,
and a perpetuation of inflammatory response (9).

A monoclonal antibody against IL-6R has been devel-
oped and used in 36 patients with active CD refractory to
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conventional treatment. Early results are encouraging and
the drug was well tolerated, but further use in a greater
number of patients is still needed to reveal its real useful-
ness (49).

Anti-inflammatory cytokines

Interleukin 10 (IL-10)

IL-10 is an anti-inflammatory cytokine that inhibits
IL-2 and IFNγ production in Th1 cells, and decreases IL-
12 production by macrophages. The role of IL-10 in IBD
was demonstrated by the fact that IL-10 knockout mice
develop chronic enterocolitis (50), and the IL-10 admin-
istration to these mice prevents such development. If IL-
10 is administered when the disease is already estab-
lished, illness improvement but not a full cure ensues
(51). An initial dose-response study (phase 2a) using IL-
10 at 0.5, 1, 5, 10 or 25 µg/kg/i.v. for 7 days showed re-
sults superior to those seen with placebo in 46 patients
with active, treatment-refractory CD (52). However,
three subsequent phase-3 studies in 797 patients showed
no significant differences versus placebo, and IL-10 is
currently of no use through the systemic route (53,54).

The discovery of IL-10 receptors in enteric cells has
suggested the potential topical use of this cytokine, as
this route would increase its concentration at the colonic
mucosa thus improving efficacy. In experimental animals
the oral administration of genetically-modified, IL-10-se-
creting lactobacilli, and the administration of IL-10 in an
enema (using an adenoviral vector, or within jelly mi-
crospheres) have shown encouraging results (55-57). En-
couraging results have also been reported in a small
group of patients with CD who received genetically-
modified, IL-10-producing lactobacilli (58). 

Interleukin 11 (IL-11)

Interleukin 11 (IL-11) is a cytokine produced by mes-
enchymal cells with both thrombopoietic and anti-in-
flammatory actions through NFκB inhibition, and secon-
darily through proinflammatory cytokine inhibition. In
addition, it has a protective effect on the intestinal mu-
cosal barrier.

Based on these findings, Sand et al. (59,60) assessed
the efficacy of recombinant IL-11 as administered
through the subcutaneous route in the treatment of 224
patients with CD, and found no significant differences
versus placebo. These authors witnessed the development
of thrombocytosis, which was more common in patients
receiving higher doses or in those with shorter dosage in-
tervals, which may represent a serious side effect in an al-
ready thrombogenetic disease.

IL-11 has been seen to maintain its anti-inflammatory
and repairing action when topically administered. When

orally administered to healthy subjects, IL-11 has been
seen to not be absorbed by the intestine, thereby decreas-
ing its adverse effects. A phase-2 trial is ongoing, which
results have not been reported yet.

Therapies based on the inhibition of cell adhesion 

Lymphocyte migration and recruitment by the intesti-
nal mucosa is an essential step for inflammation onset
and perpetuation in IBD. The selective blockade of adhe-
sion molecules involved in this process was achieved by
using the monoclonal antibodies anti-integrin α4 (natal-
izumab) and anti-integrin α4β7 (MLN-02, LDP-02), as
well as antisense oligonucleotides against the inter-cellu-
lar adhesion molecule 1 (ICAM-1).

Natalizumab

This is a chimeric recombinant human IgG4 antibody
against the α4-integrin molecule. After the demonstration
of efficacy and safety in preclinical and phase-2 studies
(10,27), a phase-3 study (ENACT-1) was performed in-
cluding 248 patients with moderate-severe CD. These
subjects were randomized to receive the following four
regimens: a) two placebo infusions; b) one natalizumab
3 mg/kg infusion followed by placebo; c) two 3 mg/kg
infusions or; and d) two natalizumab 6 mg/kg infusions
for four weeks. Patients receiving natalizumab showed
better response and remission rates versus those in the
placebo group, but never reaching statistical significant
differences. Significant differences were only seen for
quality of life and decreased C-reactive protein levels.
Best results were obtained in patients receiving two na-
talizumab infusions at 3 and 6 mg/kg, respectively. Re-
sponse was fast in those receiving two infusions, began at
two weeks after the first infusion, and lasted for 12 weeks.
The drug was well tolerated with no serious side effects,
but 13 patients (7%) developed antibodies against the
drug, and 2 of them had acute infusional reactions. These
results were similar to those initially obtained with inflix-
imab. The ideal dose is currently thought to consist of
two 3 mg/kg i.v. infusions four weeks apart (61). The re-
sults of the ENACT-2 study were recently reported, with
the study aiming at determining the drug’s capability to
maintain clinical response/remission for 12 months in pa-
tients having responded to treatment in the ENACT-1
study. Overall results were as follows: natalizumab is a
drug achieving clinical response/remission rates signifi-
cantly superior to those of placebo, and is useful to in-
duce clinical response/remission in patients not respond-
ing to infliximab and resistant to immunosuppressive
therapy (azathioprine, 6-MP, methotrexate) (62-64).
However, natalizumab was withdrawn following the re-
port of three progressive multifocal leukoencephalopathy
cases, two of them in patients with multiple sclerosis who
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simultaneously received IFN-β, and one in a patient with
CD (63).

MLN-02 (LDP-02)

MLN-02 is a recombinant human IgG1 antibody that
is made up of the CDR regions of a murine antibody
against human integrin α4β7, and a human IgG1 frag-
ment. It blocks the interaction between lymphocyte inte-
grin α4β7 and ligand MadCAM-1. Phase-2 studies (66)
failed to show effectiveness in the treatment of active
CD. However, following an analysis of results, doses em-
ployed are believed to be suboptimal, and patients where
lymphocyte α4β7 receptors are ultimately saturated are
thought to enter remission more likely. Further studies
are needed to establish therapeutic utility.

ISIS 2302 (alicaforsen)

Integrin αLβ2 and its ligand ICAM-1 are essential
for leukocyte recruitment to inflammation sites. Tissue
ICAM-1 expression correlates to IBD activity. ISIS
2302 is a 20-base oligodeoxynucleotide phosphothioate
that binds to the 3’ unstranslated region of human
mRNA for ICAM-1. The dimer made up of ISIS 2302
and ICAM-1 mRNA is cleaved by a class of cellular
RNAses, which results in diminished cellular ICAM-1
expression.

A placebo-controlled phase-2a pilot study showed en-
couraging results (67). However, two subsequent studies
–one with 75 patients (phase 2), the other with 299 pa-
tients (phase 3)– failed to reveal this drug’s efficacy
(10,27). When results were analyzed by subgroup, the
subgroup including women with highest ISIS 2302 levels
was seen to exhibit higher response rates, which suggests
higher efficacy when administered at higher doses. The
drug was well tolerated and induced no serious side ef-
fects (68). Two phase-3 studies are ongoing where alicar-
fosen is administered at high doses through the intra-
venous route (10).

Th1 polarization inhibitors

In order to inhibit Th1 polarization monoclonal anti-
bodies may be used against IL-12, interferon γ, antibod-
ies against IL-18, and antibodies against recombinant IL-
12 and IL-10 receptors.

Antibodies against IL-12 

IL-12, secreted by antigen-presenting cells, is a key
cytokine for promoting the differentiation and activation
of T-helper lymphocytes towards a Th1 response.

A randomized, double-blind, multicenter phase-2
study included 79 patients with active CD who received
either placebo or anti-IL-12 antibodies at 1 mg or 3
mg/kg/week through the subcutaneous route. Two patient
cohorts were formed –the first cohort had a 4-week inter-
val between the first and second doses; the second cohort
had their 7 doses administered on a weekly basis. Results
achieved statistical significance only versus the placebo
group (p = 0.03), whose members consecutively received
3 mg/kg/week. The drug was well tolerated, and local re-
action at the site of injection was most common among
side effects. Three patients developed antibodies against
the drug, and two of them lost clinical response. On ex-
amining the cytokine profile of the colonic mucosa lami-
na propria in patients showing improvement with anti-IL-
12 agents, a decrease in IL-12, IFN-γ, and TNF-α
secretion by mononuclear cells was seen. No definitive
conclusions may be reached from available results, and
further studies are needed (69).

Anti-interferon γγ (fontolizumab, huzab)

IFN-γ production by Th1 cells facilitates immune re-
sponse polarization towards the Th1 pathway, and in-
hibits Th2 cell proliferation. Fontolizumab is a human
monoclonal antibody against IFN-γ. A phase-2 study
where 196 patients received fontolizumab at doses of
1 mg/kg/s.c. or 4 mg/kg/s.c. showed no efficacy (70). A
second phase-2, multicenter study where 133 patients re-
ceived 4 or 10 mg/kg intravenously showed that, four
weeks after the initial dose, 31% of patients had experi-
enced clinical improvement, and 38% had experienced
clinical remission; 96 of these patients received a second
dose at 4 weeks after the initial dose, which induced clin-
ical improvement in 53 and 59% at days 56 and 84 after
the last perfusion, respectively (71). Further studies are
needed to establish the role of fontolizumab for induction
and maintenance in CD.

Anti-interleukin 18 (anti-IL 18)

IL-18 is a cytokine produced by activated macrophages
and epithelial cells that, similar to IL-12, favors Th1 differ-
entiation. A human anti-IL18 antibody has been synthe-
sized that has been effective in mice to decrease inflamma-
tion in sodium sulphate-induced colitis (72); however, no
studies have been performed in humans so far.

T-cell activation inhibitors

T-cell activation is a complex process depending upon
other simultaneous processes, including the recognition
of antigens presented by antigen-presenting cells (APCs),
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the binding of co-stimulating molecules, and cytokine se-
cretion by APCs. When T lymphocytes interact with an
APC and the antigen is recognized, ligand CD40 is ex-
pressed on the surface of lymphocytes; this ligand binds
APC CD40 receptor, which stimulates the expression of
molecule B7 in APCs; this molecule in turn interacts with
CD28 receptors in lymphocytes. A potential treatment
could be based on the inhibition of T-cell activation by
antibodies against these antigens. In this respect, a mono-
clonal antibody against CD40, IDEC-13, was developed,
but phase-2 studies had to be abandoned because of
thromboembolic disturbances (10). 

Anti-CD4 therapy

Various observations have been reported showing a
complete remission of Crohn’s disease in HIV-infected pa-
tients. Based on such observations a number of anti-CD an-
tibodies have been developed, including CM-T412, Max-
1645 and BF-5. Four phase-1 studies have been reported
showing varying results in patients with CD and UC. The
most relevant side effect was a decrease in CD4 lympho-
cytes, but this was not associated with opportunistic infec-
tion development. Further studies are needed to establish
the therapeutic usefulness of these antibodies (10,73).

Growth factors

Growth factors are cytokines that stimulate tissue scar-
ring and extracellular matrix synthesis, which contribute to
tissue healing and, under abnormal conditions, pathologic
fibrosis. In CD growth hormone has been used to reverse in-
flammation-related catabolic processes and to reduce
mesenteric fat. A phase-2 study where 19 patients with mo-
derate-to-severe CD received somatotropin (human recom-
binant growth hormone) subcutaneously for 4 months plus a
hyperproteic diet, and were then compared to a placebo
group (18 patients), showed a decrease in activity indices
and a reduction or even withdrawal of steroids (74); how-
ever, the small number of patients and the scarce informa-
tion on numbers of patients achieving full remission limit
the validity of these results. Further studies are needed to es-
tablish the drug’s real effectiveness, doses, and safety pro-
file (fibrosis and stenosis development in long-term use).

Immunostimulating therapy

Theoretical principles supporting the use of immunos-
timulating therapies rely on the existence of syndromes
resulting from altered neutrophil function. These include
chronic granulomatous disease, Chediak-Higashi syn-
drome, and type Ib glycogenosis, which induce a granu-
lomatous inflammation similar to CD in the bowel mu-
cosa. A number of functional changes have been detected

in polymorphonuclear cells from patients with Crohn’s
disease (75 ). These conditions are treated with filgastrin
(a human recombinant granulocyte-colony stimulating
factor, GM-CSF) and sargramostin (a human recombi-
nant granulocyte-macrophage-colony stimulating factor).
This therapy is aimed at stimulating the innate immune
system, rather than suppressing the inflammatory re-
sponse. Intestinal epithelium CD4+ lymphocytes and
Paneth cells express GM-CSF receptors; these findings
suggest that GM-CSF may play a key role in the mainte-
nance of innate immunity at the intestinal barrier (76).
Phase-2a studies have shown encouraging results
(77,78). A randomized trial has been recently reported
where 124 patients with moderate-severe active CD re-
ceived either sargramostin 6 µg/kg subcutaneously or
placebo for 56 days. Patients were allowed to continue
with their aminosalicylates or antibiotics; however, im-
munosuppressing therapy (azathioprine, 6-MP or
methotrexate) and infliximab were discontinued 4 and 12
weeks prior to onset, respectively. While the group re-
ceiving sargramostrin had a greater number of patients in
remission/response, differences reached no statistical sig-
nificance. Overall, the drug was well tolerated, and most
common side effects included local reactivity at injection
sites, bone pain, and elevated WBC count with neu-
trophilia. Three patients had serious adverse events: a fe-
male patient developed serious migrain; another female
subject had anorexia, weakness and lethargy, and a third
one had a demyelinizing illness. Regarding neutralizing
antibody development, these became positive in one pa-
tient only (79). 

Immunomodulators 

Interferons are a group of cytokines naturally produced
by virus-infected cells that have antiviral, immunomodu-
lating, and anti-tumor properties. Cell response to interfer-
ons seems to be mediated by the JAK-STAT (Janus Ki-
nase-Signal Transducers and Activators of Transcription)
pathway. Non-controlled studies in patients with CD re-
ceiving INF-α2b have shown response rates ranging from
30 to 50%, and in patients treated with INF-α2a response
rates of 50% (80,81). A pilot study in 8 patients with CD
showed improvement in 80% of treated cases (82). Obvi-
ously, these are interim results that require confirmation
from larger studies.

BIOLOGIC THERAPIES IN ULCERATIVE
COLITIS

Anti-TNF (tumor necrosis factor) therapy

TNF-α, as in CD, seems to play a relevant role in UC.
TNF-α levels have been shown to be highly elevated in
the colonic mucosa of patients with UC; it has also been

Vol. 98. N.° 4, 2006 BIOLOGIC THERAPIES FOR CHRONIC INFLAMMATORY 273
BOWEL DISEASE

REV ESP ENFERM DIG 2006; 98(4): 265-291

10. M. P. MARTINEZ MONTIEL  23/5/06  08:40  Página 273



seen that mononuclear cells in the lamina propria pro-
duce large amounts of TNF-α, and that this cytokine’s fe-
cal and urine levels are very high in these patients. 

To this day, results found in the literature regarding in-
fliximab effectiveness in patients with UC are varying
(83-88). Recently, however, the results from two multi-
center, controlled, phase-3 studies –ACT-I and ACT-II,
designed to assess infliximab effectiveness in UC– were
reported. ACT-I (89) is a randomized clinical trial in 364
patients with moderate-severe UC unresponsive to corti-
coids, azathioprine, and 6-mercaptopurine. These pa-
tients were assigned to one of three groups: a) placebo, b)
infliximab 5 mg/kg/i.v., and c) infliximab 10 mg/kg/i.v. at
weeks 0, 2, and 6, and then every 8 weeks up to week 46.
In both groups receiving infliximab clinical response,
clinical remission, mucosal healing, and steroid discon-
tinuation rates were significantly higher versus the place-
bo group. ACT-2 was a multicenter, randomized study in
364 patients with UC resistant to at least one of the
following therapies: 5-ASA, steroids, azathioprine or
6-mercaptopurine. Patients were divided up in three
groups: a) placebo; b) infliximab 5 mg/kg/i.v.; and c) in-
fliximab 10 mg/kg/i.v. at weeks 0, 2, 6, 14 and 22. Re-
sults obtained were superimposable to those seen in
ACT-1 (90). Safety profile was similar to that of inflix-
imab in CD. Both studies concluded that infliximab is
effective and safe for inducing clinical response and
maintaining clinical remission in patients with moder-
ate-severe ulcerative colitis resistant to other therapeu-
tic options. Treatment results in mucosal healing and al-
lows steroid discontinuation.

RDP-58

This is an anti-inflammatory decapeptide that blocks
p38 and the p38 MAPK and JNK pathways, and that in-
hibits TNF-α, interferon γ, IL-2 and IL-12 production.
In a phase-2 study, 127 patients with mild-moderate ac-
tive UC were randomized to receive placebo or RDP 58
100, 200 or 300 mg/day in oral solution for 28 days
(91). Patients receiving 200 and 300 mg achieved clini-
cal remission in 72 and 70% of patients, respectively,
versus 40% in the placebo group (p = 0.0006). Histolog-
ical indices also improved in the groups receiving 200
and 300 mg (p = 0.008). No significant differences in
side effects were seen between groups. RDP 58 seems
to be effective and safe at a dose of 200 mg/day, and
side effects are few.

Transcription factor inhibitors

Transcription factor NFκB plays a very important role
in the control of the intestinal immune system, and regu-
lates gene transcription for various proinflammatory cy-
tokines (IL-1B, IL-2, IL-12, and TNF-α), cell surface re-

ceptors, transcription factors, and adhesion molecules
(ICAM-1). Sulfasalazine and mesalamine are non-selec-
tive NFκB inhibitors. NFκB overexpression has been
demonstrated in the colon of patients with CD or UC.
The enema administration of an antisense oligonu-
cleotide phosphothioate against NFκB p65 subunit con-
siderably reduces proinflammatory cytokine production
in experimental animals (10). A small study has been re-
ported as an abstract where 11 patients with CD or UC re-
fractory to conventional therapy showed clinical, endo-
scopic and histological improvement following a
single-dose enema administration of this antisense
oligonucleotide with no infectious complications (92).
Further studies are needed to assess the real usefulness of
these oligonucleotides.

Anti-leukocyte adhesion therapies

MLN-02 is an already-mentioned humanized mono-
clonal antibody that specifically recognizes integrin
α4β7 heterodimers, which provides it with tropism for
gastrointestinal tract vessels. In a double-blind phase-2
study versus placebo, where 181 patients received two
doses of either placebo or MLN-02 0.5 mg/kg/i.v. or 2
mg/kg/i.v. 4 weeks apart, remission rates of 15, 33
and 34% were seen at week 6, respectively (p = 0.03),
with response rates of 33, 57 and 66%, respectively
(p = 0.001) (93). A multicenter, randomized, double-
blind study was recently reported, where 181 patients
diagnosed with UC were divided into three groups: a)
placebo; b) MLN-02 0.5 mg/kg/i.v.; and c) MLN-02 2
mg/kg/i.v. on days 1 and 29. In both groups the drug
was more effective than placebo to induce clinical re-
mission, and differences reached statistical signifi-
cance. Endoscopic and histological improvement also
occurred in treated patients. The drug was well tolerat-
ed. Three patients developed serious adverse events.
One had an acute infusional reaction with angioedema;
this female patient had antibodies against the drug (1:
3125 titers). Another patient developed cytomegalovirus
infection, and yet another subject had lobar pneumonia.
Overall, 44% of patients treated with MLN-02 develop
antibodies against this drug, with titers above 1: 125 in
24% of cases. These patients show decreased α4β7
binding sites saturation, albeit clinical remission was
not influenced by these antibodies. Interestingly, in
contrast to natalizumab, no associated lymphocytosis
develops. This fact would support the hypothesis that it
selectively targets a small lymphocyte population in-
volved in intestinal immunity, thereby lacking natal-
izumab’s systemic effects (94).

Alicaforsen (ISIS 2302) administered in enema form
may be useful in the management of left UC and antibiot-
ic-resistant chronic pouchitis (95,96). A double-blind,
placebo-controlled phase-2 study was recently reported
where 120 patients with left active UC received alicafors-
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en enemas at various doses. Maintenance was performed
with placebo when UC was inactive. Final conclusions
indicate that alicaforsen enemas at a dosage of 240
mg/qid for 6 weeks significantly reduces UC activity,
with mean response duration being 6 months (97). This
drug is well tolerated. Pharmacokinetic studies show
minimal systemic absorption when the drug is adminis-
tered in enema form (98).

T-cell proliferation inhibitors

Antibodies against IL-2 receptor

IL-2 is produced by Th1 cells. When this cytokine
binds its specific receptor on T-cell membranes, it in-
duces a clonal expansion of effector T cells. IL-2 seems
to play a role in the induction of steroid resistance in T
cells. Lymphocytes from corticoid-resistant patients have
been seen to produce higher IL-2 levels, and steroid-sen-
sitive lymphocytes become in vitro steroid-resistant when
IL-2 is added to the culture medium (99,100). In addition,
cell IL-2 activation pathways interfere with glycocorti-
coid pathways (10).

Intravenous cyclosporin, which inhibits IL-2 produc-
tion through the calcineurin path, is effective in the man-
agement of serious corticoid-resistant UC flare-ups. This
has led to the development of monoclonal antibodies to
block IL-2 receptors. Two such anti-IL 2 antibodies are
currently being investigated: daclizumab and basilix-
imab.

Daclizumab

This is a human recombinant monoclonal IgG1 anti-
body that binds with high affinity to the IL-2 receptor and
prevents IL-2 from binding it.

In a phase-2a study 10 patients with refractory UC
were administered two 1 mg/kg doses 4 weeks apart.
Eight of 10 patients showed clinical improvement, and 5
of these achieved remission at week 4 after the last dose
(101). Clinical improvement preceded endoscopic and
histological improvement (102). A new phase-2 study is
ongoing with a high number of patients (10,27).

Basiliximab

This is a human chimeric monoclonal antibody that
also binds IL-2 receptor. In a phase-2 study including 10
patients with corticoid-resistant UC who were treated
with a single dose of basiliximab 40 mg/i.v., clinical re-
mission was achieved in 9 cases within the first week, al-
beit 8 relapsed at week 9. The results from this study led
to consider its potential use as a “bridge” therapy in corti-
coid-resistant patients, in order to avoid colectomy and

steroid-related side effects (103). Antibodies against this
drug have been identified, and thus repeat infusions may
be associated with hypersensitivity reactions and loss of
effectiveness.

Therapies against CD3

Visilizumab

This is a humanized monoclonal IgG2 antibody
against the CD3 region of T-cell receptors, which induces
apoptosis in activated T cells. In a phase-1/2a study
where 7 patients with serious, corticoid-resistant UC
were included 5 patients achieved clinical and endoscop-
ic remission after receiving 15 µg/kg/day i.v. for two
days. The most relevant and common side effect (63%)
was a cytokine release syndrome (nausea, headache,
shivering, fever, joint pain), which develops a few hours
after infusion, is transient and can be easily managed
(104). A very significant elevation of TNFα, IL-6, IL-8,
IL-10, MCP-1, IP-10 and VEGF has been seen to devel-
op within two hours of visilizumab intravenous adminis-
tration. Minor though significant elevations are seen in
IFN-γ, IL-2 and FGF-β levels. Except for IL-10 and IP-
10, all cytokine levels return to baseline at 24 hours, and
do not rise again following a second dose. IL-10 rises
anew with the second dose, and returns to normal on day
8. More relevant is the behavior of T-cell chemokine IP-
10, whose levels inversely correlate to T-cell counts.
Lymphocyte count will not recover until this chemokine
levels are back to baseline, and this effect is thus thought
to be a key element for visilizumab efficacy (105). This
transient decrease in peripheral-blood T-cell count lasts
for 2 to 6 weeks. Before visilizumab administration the
presence of occult infection by the Epstein-Barr virus
should be investigated, and serial screenings for this virus
DNA will be performed during therapy. Treatment will
not be administered or will be discontinued if DNA is
positive or titers rise. A reverse correlation has been seen
between decreased T-cell numbers, presence of Epstein-
Barr virus, and lymphoproliferative disease development
following bone marrow transplantation. Studies in patients
with UC showed none of these side effects, but patient
numbers are smaller (105,106). Further studies should be
presently performed to establish this drug’s true role.

Growth factors

Keratinocyte growth factor (repifermin)

Fibroblastic factor 7, also called keratinocyte growth
factor 1, is a potent stimulator of epithelial cell growth in
the gastrointestinal tract. Repifermin (keratinocyte
growth factor 2) is a homologous of factor 1. In a phase-2
study performed in patients with UC it failed to prove ef-
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fective (107). Phase-1/2 studies with trefoil factor ene-
mas in association with oral 5-ASA in patients with mild-
moderate left UC have also failed to prove effectiveness
(108).

Epidermal growth factor

This is a peptide produced by salivary and Brunner
glands that stimulates cell proliferation in the gastroin-
testinal tract. A phase-2 study randomized 24 patients
with left UC or proctitis in one of two groups: a) EGF en-
ema (8 µg in 100 ml inert solution); or b) placebo for 14
days; patients simultaneously received concomitant ther-
apy with mesalamine, corticoids or immunosuppressors.
After 2 weeks, 10 of the 12 patients (83%) included in the
EGF group were in remission, while this only happened
in one subject (8%) in the placebo group (p < 0.001)
(109). Further studies are needed to confirm these results
and assess drug safety, as EGF induces the expression of
protooncogenes such as c-fos and c-jun, and hence may
increase the risk for tumor development (10).

Immunomodulators

The role of interferons α and β has already been as-
sessed in the treatment of UC. In a study performed in 32
patients with mild-moderate left colitis, interferon α2a
proved as effective as steroid enemas (110). A study with
pegylated interferon α2b showed that this drug was poor-
ly tolerated by patients (111).

Interferons β1a and β1b have also been assessed with
encouraging results (112,113), but further studies are
needed to establish their true role.

CONCLUSIONS

Currently, the only effective and widely accepted bio-
logic therapy for the treatment of intraluminal, fistulizing
CD, both for remission induction and maintenance, is in-
fliximab. The role of other monoclonal antibodies such as
adalimumab is not clearly established. It could be
deemed an alternative for patients with allergic reactions
to infliximab, and for those with lost response because of
anti-infliximab antibody development. Anti-integrin α4
therapies, despite encouraging results in phase-3 studies,
are still unavailable, as their marketing authorization was
held back in view of a number of reports regarding pro-
gressive multifocal leukoencephalopathy cases. Im-
munostimulating therapy may be highly relevant in the
near future, as it represents a novel strategy against dis-
ease with the inclusion of granulocyte-monocyte colony-
stimulating factors.

Regarding ulcerative colitis, results from the ACT-1
and ACT-2 studies showed that infliximab is also useful

for the management of serious UC flare-ups not respond-
ing to standard treatment, which will lead to a revision of
therapeutic algorithms, where this drug should be given
preference before intravenous cyclosporin. In the next
few years, the role of anti-CD3 drugs (vilisilizumab), T-
cell inhibiting therapies, and epithelial repair and healing
stimulating factors will be established.
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