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Abstract
Inflammatory bowel disease (IBD) is a group of chronic 
disorders of the gastrointestinal tract comprising Crohn’s 
disease (CD) and ulcerative colitis (UC). Their etiologies 
are unknown, but they are characterised by an imbal-
anced production of pro-inflammatory mediators, e.g. , 
tumor necrosis factor (TNF)-α, as well as increased 
recruitment of leukocytes to the site of inflammation. 
Advantages in understanding the role of the inflamma-
tory pathways in IBD and an inadequate response to 
conventional therapy in a large portion of patients, has 
over the last two decades lead to new therapies which 
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includes the TNF inhibitors (TNFi), designed to target 
and neutralise the effect of TNF-α. TNFi have shown to 
be efficient in treating moderate to severe CD and UC. 
However, convenient alternative therapeutics target-
ing other immune pathways are needed for patients 
with IBD refractory to conventional therapy including 
TNFi. Indeed, several therapeutics are currently under 
development, and have shown success in clinical tri-
als. These include antibodies targeting and neutralising 
interleukin-12/23, small pharmacologic Janus kinase 
inhibitors designed to block intracellular signaling of 
several pro-inflammatory cytokines, antibodies target-
ing integrins, and small anti-adhesion molecules that 
block adhesion between leukocytes and the intestinal 
vascular endothelium, reducing their infiltration into the 
inflamed mucosa. In this review we have elucidated the 
major signaling pathways of clinical importance for IBD 
therapy and highlighted the new promising therapies 
available. As stated in this paper several new treatment 
options are under development for the treatment of CD 
and UC, however, no drug fits all patients. Hence, opti-
misations of treatment regimens are warranted for the 
benefit of the patients either through biomarker estab-
lishment or other rationales to maximise the effect of 
the broad range of mode-of-actions of the present and 
future drugs in IBD.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Crohn’s disease and ulcerative colitis are the 
two prevailing forms of inflammatory bowel disease 
(IBD). Both diseases are associated with an increased 
expression of pro-inflammatory cytokines and immune 
cell infiltration of the inflamed tissue. Current treat-
ment options with tumor necrosis factor-α inhibitors 



als[3,11]. The aim of  this review is from the present point 
of  view to provide an overview of  the pathways of  
inflammation which seems to be crucial for the manage-
ment of  IBD. Furthermore, a brief  update on the latest 
clinical reports is given and promising new therapeutics 
are discussed.

REVIEW CRITERIA
The PubMed database was searched up to October 2013 
using the following search terms: “TNF”, “anti-TNF”, 
“janus kinase”, “Janus kinase/signal transducer and ac-
tivator of  transcription (JAK/STAT)”, “tofacitinib”, 
“ustekinumab”, “IL-12/23”, “natalizumab”, “vedoli-
zumab”, “vercirnon”, “integrins”, “chemokines”, “GSK-
1605786A” individually or in combination with “IBD”, 
“Crohn’s disease”, “ulcerative colitis”, “inhibitors”, 
“therapies”, and “treatment”. The search focused pre-
dominantly on full-text papers published in the English-
language. Abstracts were included when critically relevant 
and when not already available as full-text articles. No 
publication date restrictions were applied. Subsequently, 
articles were selected for inclusion in this review on the 
basis of  their relevance, and additional articles were 
obtained from their reference lists. Other sources of  in-
formation were the websites of  the European Medicines 
Agency, the United States Food and Drug Administration 
(FDA), and the Cochrane Library databases.

ANTI-TNF-α ANTIBODIES
A paradigm in management of  IBD occurred in the late 
90’s when the pro-inflammatory cytokine, TNF-α, was 
identified as playing a pivotal role in the inflammatory 
cascade that orchestrate chronic intestinal inflamma-
tion[12], and is today the best studied pro-inflammatory 
cytokine in IBD.

TNF-α is produced by mononuclear cells. Its synthe-
sis is induced through activation of  cellular receptors, e.g., 
the Toll-like receptor 4 (TLR4). TLR4 is induced when 
derivates from the cell wall of  Gram negative bacteria, 
lipopolysaccharides, bind to TLR4 on the surface of  
mononuclear cells. Activation of  TLR4 signaling induces 
activation of  nuclear factor-κB (NF-κB) and mitogen-
activated protein kinases (MAPK), causing an increased 
cell proliferation and differentiation of  macrophages as 
well as inducing expression of  pro-inflammatory cyto-
kines, e.g., TNF-α, interleukin (IL)-6 and IL-12[13,14]. The 
TNF-α protein exists in two forms: the precursor trans-
membrane form (tmTNF-α, 26 kDa) and the secreted 
soluble form (sTNF-α, 17 kDa). When synthesised, 
homotrimeric TNF-α translocates to the cell mem-
brane where the TNF-α-converting enzyme releases the 
sTNF-α from tmTNF-α by proteolytic cleavage. The 
biological activity of  TNF-α is mediated by its binding 
to TNF receptor type 1 (TNFR1) and type 2 (TNFR2)[15]. 
After binding to the receptors, TNF-α initiates pro-
inflammatory signaling by activation of  the MAPKs 
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are discussed. Additionally, new therapeutic strategies 
showing promising results, e.g. , small pharmacologic 
inhibitors aimed at inhibiting Janus kinase pathway and 
antibodies blocking recruitment of immune cells to the 
site of inflammation are also discussed. In this review 
we have elucidated the major signaling pathways of 
clinical importance for new therapeutic strategies of 
IBD.
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INTRODUCTION
The intestine is an important part of  the immune sys-
tem that recognises and reacts to environmental stimuli, 
including its luminal microbes. This interaction is highly 
regulated and allows commensal bacteria of  the normal 
microbiome to exist without induction of  mucosal in-
flammation, a mechanism known as intestinal homeo-
stasis[1]. Inflammatory bowel disease (IBD) is generally 
hypothesised to be a multifactorial condition where a 
combination of  luminal, environmental, and genetic fac-
tors triggers an inappropriate mucosal immune response. 
As a consequence, an inappropriate and continuing 
inflammatory response to commensal microbes results 
in the spontaneous release of  pro-inflammatory cyto-
kines which challenge the mucosal homeostasis[1]. These 
changes are to a some degree genetically determined and 
might lead to a dysfunction of  the barrier integrity [mainly 
in ulcerative colitis (UC)], dysfunction in the sensing of  
microbes [mainly in Crohn’s disease (CD)], and changes 
in the regulation of  adaptive immune responses (in both 
UC and CD)[2]. In IBD, this immune response does, 
however, not resolve, and the production of  destructive 
inflammatory mediators continues. Inflammation in IBD 
is regulated by an increased secretion of  a variety of  pro-
inflammatory mediators[3], and it is noteworthy that con-
centrations of  cytokine tumor necrosis factor (TNF)-α 
are elevated in the blood[4], intestinal mucosa[5,6] and 
stools[7] of  patients with IBD. In addition to TNF-α, the 
increased secretion of  a variety of  other pro-inflammato-
ry mediators in stools and rectal dialysates from patients 
with IBD have been observed as well[8-10].

An increased understanding of  the involvement of  
inflammatory pathways combined with a lack of  adequate 
response to conventional medical treatment has allowed 
biologics to emerge as an important modality in the treat-
ment of  patients with IBD. Several TNF inhibitors (TNFi) 
and other biologics as well as small molecules directed 
against pathways involving cytokines, adhesion molecules 
or other mediator systems involved in the pathogenesis 
of  IBD have been developed and tested in clinical tri-



and NF-κB pathways (Figure 1). Although, the active 
MAPKs and NF-κB signaling pathways are important 
for homeostasis, they induce cell proliferation, differen-
tiation and up-regulation of  several pro-inflammatory 
cytokines, including TNF-α during inflammation[16]. 
Additionally, TNF-α signaling induces caspase-8 activa-
tion and apoptosis of  intestinal epithelial cells through 
TNFR1 signaling[17], as well as inducing changes in the 
epithelial expression of  tight junction proteins among 
patients with CD[18]. Hence increased TNF-α expression 
might decrease the mucosal barrier function in patients 
with IBD exacerbating the inflammation.

Recent biologic therapies targeting TNF-α, with 
synthetic anti-TNF-α antibodies, have been shown to 
mitigate the inflammatory drive in chronic inflammatory 
conditions, including IBD. Initially, a chimeric (25% mu-
rine and 75% human sequence) IgG1κ subclass antibody, 
infliximab, that specifically binds TNF-α was shown to be 
beneficial in CD[19,20]. Attempts to reduce immunogenic 
responses induced by anti-chimeric antibodies included 
the removal of  all murine sequences to create a fully hu-
man monoclonal antibody. This human IgG1 anti-TNF-α 

monoclonal antibody, adalimumab, was also shown to be 
efficacious[21,22], as was a pegylated humanised antibody 
fragment (binding TNF-α) lacking the IgG1 Fc portion 
and conjugated with a 40-kDa polyethylene glycol mol-
ecule, certolizumab pegol (Figure 1)[23-25]. The observed 
efficacy in patients with CD provided a rationale for tri-
als in patients with UC. Thus, in active stages of  UC, an 
increased production of  TNF-α by the mononuclear cells 
of  the colonic lamina propria exists[26], with high concen-
trations of  TNF-α found in rectal dialysates and stools[8]. 
Recent studies have shown another human IgG1 anti-
TNF-α monoclonal antibody, golimumab, to be efficient 
in UC[27]. However, the pharmacodynamics of  TNFi 
seems to depend on the properties of  the structure rather 
than simply the TNF-α-binding capacities. Eternacept, a 
non-antibody soluble recombinant TNF receptor (p75) 
Fc fusion protein, is not efficient for the treatment of  
intestinal inflammation[28]. The reason for this difference 
remains unclear although several mechanisms have been 
proposed. Hence, the underlying modes of  action of  the 
various TNF inhibitors are much more complex than ini-
tially thought[29]. The construct of  the four TNFi’s labeled 
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Figure 1  Mechanism of action of anti-tumor necrosis factor biologics and inhibitors of Janus kinase/signal transducer and activator of transcription sig-
naling. Left panel: Anti-tumor necrosis factor (TNF) biologics bind to homotrimeric TNF-α [transmembrane (tmTNF-α) and/or soluble (sTNF-α)], thereby blocking the 
interaction between the cytokine and TNF-α receptor type 1 and 2 (TNFR1 and TNFR2) to neutralise TNF-α-mediated pro-inflammatory signaling. Infliximab is shown 
as a representative anti-TNF biologics to illustrate the mechanism of action of the four agents labeled for IBD: Infliximab (a chimeric antibody), adalimumab and golim-
umab (fully human antibodies), and certolizumab pegol (a pegylated Fab fragment of a humanised anti-TNF antibody). Right panel: The fully human antibody against 
interleukin (IL)-12/23, ustekinumab, binds to the common p40 subunit of IL-12 and IL-23 heterodimers and prevents the interaction of IL-12 and IL-23 with their cog-
nate receptors, IL-12R and IL-23R, hence neutralising IL-12/23-mediated intracellular signaling. Tofacitinib is a small molecule inhibitor of Janus kinase (JAK) activity 
that prevents the JAK-dependent phosphorylation of signal transducer and activator of transcription (STAT) proteins and subsequently the STAT-induced transcription 
of pro-inflammatory target genes.  
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of  patients does not respond to induction therapy (i.e., 
“primary failures”) or loses the effect over time to be-
come intolerant (i.e., “secondary failures”)[48]. The devel-
opment of  antibodies to the available biological agents is 
not only responsible for secondary loss of  effect, but it is 
also associated with a risk of  infusion reactions, although 
concomitant immunomodulator therapy may reduce the 
magnitude of  the immunogenic response[48]. It has been 
shown that both adaption and switching from one TNFi 
to another can be efficacious to overcome resistance to 
anti-TNF-α treatment[48]. Nonetheless, there clearly re-
mains an unmet need for novel treatment options in IBD.

Extraintestinal manifestations occur frequently with 
a negative impact of  the quality of  patients’ life[49]. Some 
extraintestinal manifestations such as arthritis, erythema 
nodosum, pyroderma gangraenosum, iritis, and uveitis 
have a pathogenic TNF-α-dependent mechanism com-
mon with CD and UC, and TNFi might additionally be 
applied in such cases to dampen inflammation[49].

JAK/STAT PATHWAY AND 
THERAPEUTIC ADVANCES IN IBD
Cytokines, which are small proteins produced by immune 
cells, facilitate communication between cells and have 
essential functions in cell development and differentia-
tion. In addition to activate the NF-κB and MAPK path-
ways[16], a large number of  mammalian cytokines exert 
their intracellular signaling by activating the JAK/STAT 
pathway[50]. The JAK/STAT pathway is an evolutionary 
conserved signaling network involved in a wide range 
of  cellular processes, including cell growth, survival, 
differentiation, proliferation, apoptosis, and inflamma-
tion[51]. There are four members of  JAKs - JAK1, JAK2, 
JAK3, and tyrosine kinase 2 (TYK2) - that transduce 
signals through seven members of  the STAT transcrip-
tion factors - STAT1, STAT2, STAT3, STAT4, STAT5A, 
STAT5B, and STAT6 - in diverse combinations[50]. 
The diversity in cytokine responses is constituted by 
the combination of  receptor binding to multiple JAKs 
and subsequent signaling through dimerised tyrosine-
phosphorylated STAT variants. JAK1, JAK2, and TYK2 
proteins can bind to various types of  cytokine receptor 
families[50] and are expressed ubiquitously, whereas JAK3 
is specifically associated with the IL-2R family [also 
known as the common γ-chain (γc) family which includes 
receptors for interleukins such as IL-2, IL-4, IL-7, IL-9, 
IL-13, IL-15, and IL-21] expressed only on hematopoi-
etic cells[52-54]. In addition to the γc family of  receptors, 
JAKs can be activated by the common β-chain family 
(known as the IL-3R family which includes receptors for 
e.g., IL-3 and IL-5), the receptors for IL-6, IL-11, IL-12, 
IL-23 and IL-27 cytokines which uses a glycoprotein-130 
co-receptor (known as the IL-6R family), and the inter-
feron (IFN)-R family [i.e., receptors for IFNs (IFN-α, -β, 
and -γ), IL-10, IL-19, IL-20, IL-22, IL-25, and IL-26][50]. 
When STAT proteins become tyrosine-phosphorylated 

for IBD is shown in Figure 1.
Several placebo-controlled trials have demonstrated 

that infliximab[20,30], adalimumab[21,22,31], and certolizumab 
pegol[24] are efficacious in moderate to severe CD, as both 
first- and second-line therapy in patients with inadequate 
responses to standard treatment[32], including mainte-
nance of  response and remission[25,30,33,34]. Not only do 
TNFi reduce signs and symptoms of  disease, but they 
also allow tapering of  glucocorticoids (steroid-free remis-
sion)[21,30] and promote mucosal healing[35]. The former is 
considered a clinically relevant benefit, and the latter sug-
gests a positive effect on disease progression. Infliximab 
is also labeled for use in fistulising CD[19,36]. 

In UC, randomised, controlled trials have shown 
infliximab[37], adalimumab[38,39], and golimumab[27,40] to 
be effective in inducing and maintaining clinical remis-
sion (including steroid-free remission) in patients with 
moderate to severe disease activity who have failed con-
ventional therapy with glucocorticoids and thiopurines, 
and in the ACT2 study, infliximab also was effective in 
outpatients refractory to 5-ASA[37]. A post hoc analysis 
of  the ACT1 and ACT2 studies showed that infliximab 
reduced the risk of  colectomy after 1 year from 17% in 
the placebo group to 10% in the infliximab group (num-
ber needed to treat = 14)[41]. Furthermore, infliximab[37], 
adalimumab[39], and golimumab[27] additionally induced 
mucosal healing. Apart from use in patients with moder-
ate chronic refractory UC, TNFi may be used as rescue 
therapy in hospitalised patients with severe UC. In a 
small placebo-controlled study, a single infusion of  inf-
liximab significantly reduced the number of  colectomies 
among patients with an acute moderate to severe attack 
of  UC[42], and this was also observed in a subsequent 
open-label randomised, controlled trial with a high num-
ber of  steroid-refractory acute severe UC patients, lead-
ing to the conclusion that the effect of  infliximab did 
not differ from that of  cyclosporine[43].

The availability of  TNFi has significantly altered the 
management of  IBD in the last decade. The concomi-
tant treatment with biologics and thiopurines proved 
in larger trials like the SONIC study to be superior for 
steroid-free clinical remission and absence of  ulcerations 
(mucosal healing) at weeks 26 compared to monotherapy 
with either biologics or thiopurines in CD[44]. The UC 
SUCCESS trial[45] with a similar design and number of  
patients concluded the same, and the conclusion from 
both studies is that IBD patients in need of  anti-TNF-α 
treatment should preferably receive combined treatment 
with a thiopurine. It should be emphasized that the use 
of  potent immunomodulators (i.e., thiopurines[46]) in 
combination with TNFi is linked to an increased risk of  
hepatosplenic T-cell lymphoma[47]. Even though data are 
confounded by the fact that most patients with IBD on 
TNFi therapy receives concomitant therapy with thiopu-
rines, no casual associations between TNFi alone and the 
development of  lymphoma have been identified[11,47]. 

Although anti-TNF-α agents are the most effective 
anti-cytokine treatment in IBD a significant proportion 
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by JAKs they form homo- or heterodimers which trans-
locate from the cytoplasm into the nucleus to regulate 
gene expression of  target genes (Figure 1). 

Tofacitinib (JAK inhibitor)
There has been great interest in development of  small 
molecule inhibitors of  intracellular signaling pathways re-
lated to various conditions, including IBD. Several genetic 
knockout studies have demonstrated the importance 
and essential functions of  JAKs in cytokine signaling 
(reviewed in details in references[55-58]). Knockout of  Jak1 
or Jak2 genes are lethal in mice[59,60], whereas dysfunction 
of  Jak3 or Tyk2 in both mice and humans causes primary 
immunodeficiency[61-64], underlying their importance for 
immune competence. Thus, the involvement of  JAKs 
in a range of  essential cytokine pathways has made JAK 
inhibitors a potential therapeutics target in IBD. Over the 
last two decades small-molecule JAK inhibitors have been 
synthesised and are currently under clinical investiga-
tion[65]. Tofacitinib (formerly known as CP-690,550) was 
the first selective JAK inhibitor to be tested in human 
clinical trials. Tofacitinib inhibits all four JAKs, however, 
with functional specificity for JAK1 and JAK3 in cellular 
assays[65,66]. Consequently, as a JAK1 and JAK3 inhibitor, 
tofacitinib effectively inhibits the signaling of  the IL-2R 
family of  cytokines[50,65] and the receptor for IL-6 fam-
ily of  cytokines including IL-12 and IL-23[53]. Tofacitinib 
also inhibits, albeit to a lesser extent, the IFN-R family[67] 
as well as the IL-3 and IL-5 receptors. Thus, tofacitinib 
affects both the innate and adaptive immune responses 
by suppressing differentiation of  Th1 and Th2 cells and 
affecting the pathogenic Th17 cytokine production[65,68].

Tofacitinib is at present (September 2013) the only 
oral administered JAK inhibitor approved by FDA for 
use in therapy of  adults with moderately to severely ac-
tive rheumatoid arthritis (RA). However, there are inves-
tigations indicating that the drug can be effective in treat-
ment of  other chronic inflammatory indications such as 
UC. In a double-bind randomised controlled phase II 
trial in UC, patients treated with oral tofacitinib showed 
higher clinical response after 8 wk compared with pla-
cebo[69]. The study comprised a total of  194 patients with 
moderate to severe UC receiving tofacitinib or placebo 
twice daily. Clinical response at 8 wk were found in 32%, 
48%, 61%, and 78% of  patients receiving twice daily to-
facitinib at a dose of  0.5 mg (P = 0.39), 3 mg (P = 0.55), 
10 mg (P = 0.10), and 15 mg (P < 0.001), respectively, as 
compared to 42% among patients receiving placebo[69]. 
Similarly, clinical remission at 8 wk were associated with a 
dose-dependent improvement of  13% (0.5 mg, P = 0.76), 
33% (3 mg, P = 0.01), 48% (10 mg, P < 0.001), and 41% 
(15 mg, P < 0.001) as compared with 10% of  patients 
receiving placebo[69]. Thus, tofacitinib seems effective 
and reasonably in patients with moderate to severe UC. 
In contrast, treatment of  139 randomised patients with 
moderate to severe CD with tofacitinib in a 4-wk phase 
Ⅱ trial showed no clinical efficacy at doses of  1, 5, and 
15 mg twice daily[70]. The underlying difference between 

the clinical efficacy of  tofacitinib in UC and CD is un-
clear. With its oral route of  administration, tofacitinib 
may offer a convenient alternative therapeutic option for 
UC patients who are refractory to conventional therapy 
such as anti-TNF-α therapy. However, larger long-term 
clinical studies with tofacitinib are required to report 
long-term safety as well as its therapeutic benefits in clini-
cal use.

Ustekinumab (anti-IL-12/23 antibody)
One of  the cytokine receptor families using the JAK/
STAT signaling pathway is the IL-6 family of  receptors. 
This receptor family includes receptors for IL-12 and 
IL-23 which are both heterodimeric cytokines consisting 
of  two protein subunits, namely p35/p40 and p19/p40 
subunits, respectively, hence sharing the p40 subunit[71]. 
IL-12 binds to the IL-12R which is composed of  IL-
12Rβ1 and IL-12Rβ2 subunits, whereas IL-23 binds 
to the IL-23R complex, composed of  IL-23R and IL-
12Rβ1[72]. 

The IL-12R is primarily expressed by activated T-cells 
and natural killer (NK) cells, but has been found to be 
expressed on dendritic cells (DCs) and B-cells as well[73,74]. 
IL-12 induces activated T-cells to differentiate into IFN-γ 
producing Th1 cells and it induces the NK cells to se-
crete IFN-γ and TNF-α[75,76]. The IL-23R is expressed on 
T-cells, but has also been found to be expressed by NK 
cells[72,77]. IL-23 primarily induces proliferation and sur-
vival of  Th17 cells. Th17 cells secrete high amounts of  
IL-17 and IL-17F together with TNF-α, IL-6, IL-21 and 
IL-22. These cytokines have been found to be implicated 
in chronic inflammation as well as autoimmune diseas-
es[78-81]. A study found IL-12 to be important for systemic 
activation of  the immune system and IL-23 to drive 
local intestinal inflammation. Additionally, IL-23 was 
found to be involved in intestinal inflammation, because 
it was possible to reverse active colitis by administration 
of  anti-IL-23, which might inhibit the pathogenic Th17 
response, in a murine model[82]. In support of  this, an 
increased expression of  IL-23 and IL-17 has been found 
in the lamina propria of  CD patients[83-85]. Likewise, over-
expression of  IL-12 and IL-23 has been found in the 
inflamed mucosa of  CD patients[86-88]. Exactly how these 
two inflammatory cytokines contributes to the pathogen-
esis of  CD has yet to be determined.

Ustekinumab is a human IgG1 monoclonal anti-
body designed to bind to the p40 subunit common to 
both IL-12 and IL-23, thereby neutralising their activity 
(Figure 1). The binding of  ustekinumab to free IL-12 
and IL-23 cytokines block their interaction with IL-
12Rβ1[89] expressed on T-cells, NK cells, macrophages, 
DCs, and B-cells. Ustekinumab was approved for treat-
ment of  psoriasis in 2009[90,91]. In recent years, testing of  
anti-IL-12/23 treatment in patients with CD has been 
performed. In a double-blind, cross-over phase Ⅱ trial 
with moderate to severe CD, patients were divided into 
two populations; the first population (Ⅰ) enrolled 104 
patients who had previously received conventional or bio-
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logic therapy, and the second population (Ⅱ) comprised 
patients whom were non-responders to infliximab[92]. In 
population I, 49% of  ustekinumab treated patients were 
in clinical response after 8 wk (the primary end points) 
as compared to 40% of  patients with placebo (P = 0.34). 
However, ustekinumab treatment was efficient in patients 
who had previously received infliximab (population Ⅱ). 
Overall clinical response following 8 wk of  ustekinumab 
treatment in population Ⅱ was significantly greater than 
the group receiving placebo (P < 0.05). Hence, in the 
fall 2012, Sandborn et al[93] revealed a placebo-controlled 
phase Ⅱ trial including 526 patients with moderate to 
severe CD who had all failed anti-TNF-α therapy. After 
6 wk of  randomised induction therapy (1, 3, or 6 mg/kg 
of  body weight) or placebo, 145 patients had a clinical re-
sponse to ustekinumab, as compared to placebo (1 mg, P 
= 0.02; 3 mg, P = 0.06; 6 mg, P = 0.005). At week 6, these 
145 patients were enrolled in a second randomisation to 
receive either placebo or 90 mg ustekinumab at weeks 8 
and 16 as a maintenance therapy. While the clinical remis-
sion rates in the induction therapy did not differ signifi-
cantly from placebo at week 6, the maintenance therapy 
with ustekinumab every 8 wk resulted in significantly 
higher clinical remission at week 22 (42%), as compared 
with placebo (27%, P = 0.03). Therefore, ustekinumab 
may induce clinical response in moderate to severe CD 
among patients who are refractory to infliximab. 

In order to demonstrate evidence of  definitive ef-
fectiveness and safety of  ustekinumab, phase Ⅲ trials 
are needed to test the long-term effects of  ustekinumab 
as well as possible side effects. Three phase Ⅲ trials are 
currently under way. They include an induction trial in 
patients with moderate to severe CD who are either na-
ïve to anti-TNF-α treatment or have previously failed 
anti-TNF-α treatment as well as a maintenance trial 
in patients who respond to induction treatment with 
ustekinumab[94].

TRAFFICKING OF THE IMMUNE CELLS 
TO THE INTESTINE
Following pathogen invasion of  the intestinal mucosa 
and initiation of  an immunogenic response, a priming 
of  effector cells occurs in the Peyer’s patches or in the 
mesenteric lymph nodes (MLNs). After the T-cell prim-
ing and release into the circulation, specific adhesion 
molecules are required for the cells to home to the site of  
inflammation. Important adhesion molecules in the hom-
ing to the intestines are the chemokine receptor 9 (CCR9) 
and the integrins α4β1 and α4β7, which are all induced 
on intestinal mucosal T-cells following activation and im-
printing of  gut-homing specificity[95,96].

The homing of  immune cells to the intestine during 
inflammation has become a major target in the treatment 
of  IBD. In order to reduce leukocyte infiltration and con-
tinuation of  inflammation, a number of  molecules have 
been targeted by antibodies and small molecules to block 
these adhesion molecules[3].

Natalizumab and vedolizumab (Integrin blocking 
antibodies)
In mammals, 18 α-integrin and 8 β-integrin subtypes 
have been discovered which are able to assemble into at 
least 24 individual integrin heterodimers[97]. Of  impor-
tance for IBD are two integrin heterodimers, namely 
α4β1 and α4β7, which at present have been utilised for 
treatment. Following inflammation of  the small or large 
intestine a significant increase is observed in the endo-
thelial expression of  both ligands of  these integrins. 
These are the mucosal addressin cell adhesion molecule-1 
(MAdCAM-1)[98] and vascular cell adhesion molecule-1 
(VCAM-1)[99], respectively. The primed leukocytes in the 
circulation are in this way recruited to the inflamed intestine 
in UC and CD, where they are able to extravasate the endo-
thelium to reach the site of  inflammation. 

The first drug to be approved for targeting cell adhe-
sion molecules in IBD was natalizumab, a recombinant 
humanised monoclonal IgG4k antibody (Figure 2). It 
has in some countries been approved for CD[100], for 
both induction and maintenance indications. Natali-
zumab is an antibody targeting the α4 integrin subunit, 
hence targeting both the α4β1 and the α4β7 integrin 
heterodimers[101,102] (Figure 2). The ligands of  these two 
integrins are located on the endothelium in the intesti-
nal lamina propria, but additionally the α4β1 integrin 
is also involved in targeting of  leukocytes to the central 
nervous system (CNS) through interaction with endo-
thelial VCAM-1[96,103] (Figure 2). Natalizumab has for this 
reason been approved for multiple sclerosis (MS) due to 
its ability to limit neuronal inflammation and to reduce 
the risk of  progressing disability[100,104]. This effect of  
natalizumab on blocking leukocyte adhesion to the CNS 
is considered to be a side effect as it thereby inhibits im-
mune surveillance of  the CNS. Three cases of  progres-
sive multifocal leukoencephalopathy (PML) in patients 
on natalizumab have been reported among two patients 
with MS receiving concomitant IFN-β-1α[103,105], and one 
patient with CD on monotherapy[106]. Following blockade 
of  the leukocyte recruitment and patrolling of  the CNS, 
these patients experienced a reactivation or infection 
of  the opportunistic JC virus leading to PML. Hence, 
natalizumab is today used as a second-line therapy, and 
patients might be screened for JC virus infection prior to 
treatment and are not allowed to be on concomitant im-
munomodulators[100].

Natalizumab is today the only available biological 
therapy for CD not targeting TNF-α and have shown 
convincing results. In the final randomised placebo-con-
trolled phase Ⅲ study, 509 patients with moderate to se-
vere CD experienced clinical response rates by week 4 of  
51% and 37% (P = 0.001) for natalizumab and placebo 
treatment, respectively, falling to 48% and 32% at week 8 
(P < 0.001) (300 mg natalizumab or placebo at weeks 0, 
4, and 8). Sustained remission occurred in 26% vs 16% of  
the patients following week 12 (P = 0.002)[102]. A meta-
analysis performed on 5 randomised controlled trials of  
natalizumab has furthermore shown natalizumab to be 
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superior to placebo[107]. 
Due to the risk of  PML following natalizumab treat-

ment, more specific antibodies are, however, warranted. 
Vedolizumab is a humanised monoclonal IgG1 antibody 
specific for the α4β7 integrin, hence blocking leukocyte 
adhesion to MAdCAM-1 expressed solely by the gut 
endothelium[103] (Figure 2). On the basis of  the phase 
Ⅲ study series for vedolizumab (GEMINI Studies™) 
Takeda filed a Biologics License Application (BLA) to 
the FDA for use in both UC and CD in the early summer 
of  2013[108]. Years back, randomised placebo-controlled 
phase Ⅱ trials showed clinical effect of  a monoclonal an-
tibody similar to vedolizumab on both CD and UC[109,110]. 
Results from the GEMINI series (with GEMINI Ⅲ and 
GEMINI LTS still ongoing) showed that patients with 
UC, responding to vedolizumab induction therapy, re-
ceiving 300 mg vedolizumab every 4 or 8 wk for 52 wk 
had remission rates of  49% (P < 0.001) and 42% (P < 
0.001), respectively, compared to remission rates of  16% 
in the placebo group. Following a 6 wk induction period 

the clinical remission rates were 47% vs 26%, respectively 
for vedolizumab over placebo (P < 0.001)[111]. For CD, a 
clinical remission rate of  15% compared to 7% (P = 0.02) 
was observed for vedolizumab (300 mg) compared to 
placebo following 6 wk induction treatment. Prolonged 
treatment of  responders with vedolizumab every 4 or 8 
wk over the following 52 wk showed clinical remission 
rates of  36% (P = 0.004) and 39% (P < 0.001), respec-
tively, compared to 22% in the placebo group[112]. 

There are no concerns for PML in relation to ve-
dolizumab as it does not seem to influence the immune 
surveillance of  the CNS in contrast to natalizumab[103,113]. 
There are high expectations to vedolizumab which is the 
only gut selective drug for treatment of  IBD, and it may 
potentially be used as either a secondary intervention fol-
lowing anti-TNF-α failure or as a first-line treatment.

Integrins are important in the process of  cellular 
adhesion underlying the mechanism of  action for the 
integrin blocking antibodies. Integrins do, however, also 
transmit cellular signaling. Evidence suggests that the 
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Figure 2  Integrin and chemokine inhibitors in intestinal endothelium. Mucosal addressin cell adhesion molecule-1 (MAdCAM-1) and vascular adhesion mole-
cule-1 (VCAM-1) adhesion molecules become up-regulated on the endothelium during intestinal inflammation. In the small and large intestine (upper panel) the adhe-
sion molecule MAdCAM-1 functions as docking site for integrins α4β1 and α4β7 expressed by T-cells. Contrary, the adhesion molecule VCAM-1 also acts as docking 
molecule for α4β1. Addition of the inhibitory α4β1 antibody, natalizumab, thus blocks adhesion of T-cells to the entire intestinal mucosa. As VCAM-1 is additionally 
expressed within the central nervous system (CNS), natalizumab also blocks T-cell extravasation and hence limits immune surveillance of the CNS which might lead 
to progressive multifocal leukoencephalopathy. Using the α4β7 inhibitory antibody, vedolizumab, only the adhesion of T-cells to the intestine specific MAdCAM-1 is 
blocked, and thus does not limit immune surveillance of the CNS while dampening the inflammatory response. In the endothelium of the small intestine (lower panel) 
the chemokine ligand 25 (CCL25) adhesion molecule is predominantly expressed during inflammation. It acts as a ligand for the chemokine receptor 9 (CCR9) on T-cells. 
The inhibitor vercirnon blocks the CCL25-CCR9 chemotaxis thus inhibiting T-cells adhesion to the small intestinal mucosa. Vercirnon was recently withdrawn following 
a phase Ⅲ trial.
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interaction of  the α4 integrins (α4β1 and α4β7) with 
their ligands lead to the binding of  its cytosolic domain 
to paxillin, an intracellular signaling adaptor protein[114]. 
Hence, paxillin is a part of  the focal adhesion complex 
and gets phosphorylated by focal adhesion kinase and Src 
kinase as well as other kinases including c-Jun N-terminal 
kinases (JNK) and p38 MAPK[115]. Mutations of  the cy-
toplasmic tail of  α4 integrin disrupts the paxillin binding 
site and lead to a reduced recruitment of  mononuclear 
leukocytes to the site of  thioglycollate-induced perito-
nitis[116], although the integrin binding to its ligands was 
unaffected. This evidence suggests that in particular the 
α4 integrin signaling might influence the leukocyte hom-
ing to the inflamed section of  the gastrointestinal tract or 
may even play part in the full T-cell activation process by 
blockade of  nuclear factor of  activated T-cells (NFAT) 
signaling, despite the major effect as being an adhesion 
molecule itself[115]. These findings may provide insight to 
the discipline of  regulating the inflammatory response; 
however, this specific area needs further investigation.

Vercirnon (chemokine receptor inhibitor)
In addition to integrins, CCR9 (a G-protein coupled 
receptor) also play a role in immune cell recruitment to 
the intestine by exerting a chemotatic response towards 
chemokine ligand 25 (CCL25)[117]. CCR9 is preferentially 
expressed on thymocytes[118] as well as on intraepithelial 
and lamina propria lymphocytes of  the small intestine[119]. 
CCL25 is considered a potential intestine-specific homing 
ligand expressed both within the crypts of  the intestinal 
epithelium[120], and on the vascular endothelium within 
the human small intestine[121,122]. CCL25 is also expressed 
in the colon but in much lower levels as compared to the 
small intestine[123]. 

The involvement of  CCR9 in lymphocyte traffick-
ing to the small intestine was initially suggested by the 
fact that CCR9 is selectively expressed on gut-homing 
T-cells[124]. The CCR9+ T cells have also been found to 
be elevated in the peripheral blood of  CD patients, but 
not in patients with CD solely confined to the colon[125]. 
In this context, inhibition of  CCL25/CCR9 chemotaxis 
has been suggested to be an attractive target for CD of  
the small intestine. Oral administration of  vercirnon 
(GSK-1605786A), a selective small-molecule antagonist 
of  CCR9 that inhibits CCR9- and CCL25-dependent 
chemotaxis (Figure 2) in an experimental mouse model 
demonstrated a clear therapeutic benefit by leading to 
significantly reduced inflammation in these mice[126,127]. 
In addition, in vitro experiments with human peripheral 
blood mononuclear cells showed that vercirnon is a se-
lective and potent antagonist of  human CCR9[126] and 
inhibits both functional variants of  CCR9 (CCR9A and 
CCR9B)[126,128]. Based on these findings, several clinical 
double-blind, placebo-controlled phase Ⅱ trials (reviewed 
in reference[127]) have been conducted for shorter and 
longer induction periods with vercirnon in patients with 
moderate to severe CD. The clinical remission rate fol-
lowing 36 wk of  vercirnon treatment with 250 mg twice 

daily was 47% as compared to 31% in the placebo group. 
In addition, the levels of  C-reactive protein were nor-
malised in 19% of  subjects receiving vercirnon compared 
with only 9% of  individuals given placebo[127]. In a recent 
study the expression of  CCR9 was also observed on ac-
tivated regulatory T-cells and is important for trafficking 
these cells to the inflamed site of  the intestine[129] suggest-
ing that inhibition of  CCR9- and CCL25-dependent che-
motaxis may result in a dysfunctional immune response 
and consequently exacerbation of  CD. Moreover, a newly 
published clinical double-blind, placebo-controlled mul-
ticenter phase Ⅱ trial (Prospective Randomized Oral-
Therapy Evaluation in Crohn’s disease Trial-1) for as-
sessing the efficacy and safety of  vercirnon in moderate 
to severe CD patients showed that vercirnon was well 
tolerated with no elevated risk of  disease exacerbation 
compared to placebo[130]. However, in September 2013, 
GlaxoSmithKline (GSK) decided to terminate all clinical 
trials with vercirnon as it failed in the first phase Ⅲ study, 
SHIELD-1, both the primary endpoint of  improved 
clinical response as well as the key secondary endpoint of  
clinical remission. SHIELD-1 was a randomised, double-
blind and placebo-controlled study to evaluate the effi-
cacy and safety of  two doses (500 mg once daily and 500 
mg twice daily) of  vercirnon compared to placebo over 
12 wk in 608 adults with moderate to severe CD. The 
study showed no efficacy with either dose in inducing a 
clinical response or remission. Moreover, increased rates 
of  adverse events of  vercirnon, including gastrointesti-
nal- and cardiac disorders as compared to placebo were 
reported. 

CONCLUSION
In recent years progress in basic and translational re-
search has led to better understanding of  the role of  
inflammatory mediators in the pathogenesis of  IBD. It is 
believed that an altered balance between regulatory and 
inflammatory cytokines contributes to perpetuate the 
mucosal inflammation in both CD and UC. Since there 
is evidence that the tissue damaging immune response 
is driven by multiple cytokine driven inflammatory 
pathways, it is logical to hypothesise that simultaneously 
targeting two or more of  these signals could be more ad-
vantageous than inhibiting just selective single pathways. 
Various approaches for inhibiting such pathways have 
been developed and are ready to go into the clinic. How-
ever, in designing clinical interventions around these new 
drugs it should be taken into consideration that inhibi-
tion of  inflammatory cytokines could be associated with 
severe side-effects, as these molecules are also involved 
in the regulation of  physiological processes and immune 
responses against infections and neoplasias. Another 
promising therapeutic strategy is to restore counter regu-
latory mechanisms which are defective in IBD. Since it is 
conceivable that no drug fits all patients, further experi-
ments will be necessary to identify biomarkers that pre-
dict responsiveness to the anti-cytokine based therapy as 
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well as to ascertain which biological therapy will be most 
effective for the individual patient (i.e., tailored therapy).

Analysis of  immuno-inflammatory pathways in the 
gut of  patients with CD and UC have shown that tissue 
damage is driven by complex and dynamic cross-talk be-
tween immune and non-immune cells, and that cytokines 
are key mediators of  this interplay[1,131]. Considerable ef-
forts have furthermore been used on the regulation of  
the inflammatory cellular invasion into the lamina propria 
to break the continuous pathogenic cytokine signaling. 
It has been demonstrated that some cytokine mediated 
counter-regulatory anti-inflammatory pathways are defect 
in IBD raising the possibility that restoring these anti-
inflammatory signals may be a therapeutic strategy. These 
advances together with several experimental models of  
intestinal inflammation have facilitated the development 
of  components and biologics that neutralise cytokines. 
Some of  these drugs have already been tested in patients 
with IBD and others are ready to move into clinical trials. 
However, given the plethora of  immunological manipula-
tions that can prevent colitis in experimental models, the 
recent failures of  anti-IFN-γ, and anti-IL-17 antibodies 
as well as the antagonist of  CCR9 in the clinical setting, 
and the fact that only 66% and 50% of  patients with CD 
and UC, respectively, respond to anti-TNF-α therapy, it 
now becomes extremely difficult to decide which other 
cytokines/chemokines should be targeted, and if  they 
will ever beat TNFi[132].
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