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Therapy for inflammatory bowel disease (IBD) has changed, 
with several new agents being evaluated. The era of anti-tu-
mor necrosis factor (anti-TNF) antibody therapy saw remark-
able progress in IBD therapy. Some patients, however, do not 
respond to anti-TNF treatment, or their response decreases 
over time. This phenomenon highlights the need to identify 
new molecular targets for therapy in IBD. The targets of new 
therapeutic molecules in IBD must aim to restore immune 
dysregulation by the inhibition of proinflammatory cytokines 
(TNF-α, interleukin [IL]-6, IL-13, IL-17, IL-18, and IL-21) and 
augmentation of the effect of anti-inflammatory cytokines 
(IL-10, IL-11, and transforming growth factor β) and to pur-
sue new anti-inflammatory targets, such as regulatory T-cell 
therapy, Smad7 antisense, Janus-activated kinase inhibition, 
Toll-like receptor stimulation, leukocyte adhesion, and block-
ade of T-cell homing via integrins and mucosal addressin 
cellular adhesion molecule-1. In addition, potential molecular 
targets could restore mucosal barrier function and stimulate 
mucosal healing. Despite these potential targets, the value 
and clinical significance of most new molecules remain un-
clear, and clinical efficacy and safety must be better defined 
before their implementation in clinical practice. This article 
aims to review the promising and emerging molecular tar-
gets that could be clinically meaningful for novel therapeutic 
approaches. (Gut Liver 2017;11:455-463)
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INTRODUCTION

Inflammatory bowel disease (IBD), specifically Crohn’s disease 
(CD) and ulcerative colitis (UC), are autoimmune diseases whose 
incidence and prevalence are increasing worldwide. The cause 
of IBD is still unknown but is generally considered to be multi-

factorial. Genetic factors are hypothesized to have a substantial 
role, in parallel with environmental, infectious, and immuno-
logic factors. During the past few years, substantial progress 
has been made in understanding the pathogenetic mechanisms 
of IBD. Recent studies have examined the concept that IBD 
could result from dysregulation of the intestinal barrier and a 
pathologic activation of the intestinal immune response toward 
several bacterial or viral antigens.1,2 In the past few decades, the 
substantial progress made in understanding the pathophysiol-
ogy of IBD has been translated into newer, more effective thera-
pies—biologic and molecular therapies—that have decreased 
the occurrence of flares, led to remission in more patients, and 
improved patients’ quality of life (Table 1).

In general, our knowledge of the immune system and its dys-
regulation in IBD is derived from mouse models of colitis and 
from human studies involving clinical and laboratory experi-
ments. Emerging data support a major role for both innate and 
adaptive immunity in the onset and the perpetuation of chronic 
intestinal inflammation (Fig. 1). Of interest, meta-analyses of 
genomewide association studies in IBD have demonstrated 
several susceptibility genes involved in innate mucosal defense 
and antigen presentation. In addition DLG5, MDR1, NOD2 and 
PPAR-γ genes are also considered to be very important players 
in this process.3 

This progress has led to the identification of important mol-
ecules of the immune system that could represent promising 
targets for new molecular therapies. For example, molecules 
that could represent ideal targets for biologic therapies include 
several interleukins (ILs), tumor necrosis factor (TNF), nuclear 
factor-kB, and antisense oligonucleotides.4,5 The aim of this re-
view is to provide an overview of the promising and emerging 
molecular targets that could be clinically meaningful for novel 
therapeutic approaches.
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TARGETING INTESTINAL EPITHELIAL BARRIER  
DYSFUNCTION

1. Epithelial barrier

The epithelial cells comprise enterocytes, goblet cells, neuro-
endocrine cells, Paneth cells, and microfold cells (or M cells).6 
The epithelial cells are sealed with intercellular tight junctions 
that serve a barrier function and regulate the trafficking of 
macromolecules between the luminal environment and the 
host.7 Despite this barrier, gut bacteria and luminal antigens do 
enter the subepithelial lamina, primarily through the specialized 
epithelium that overlies the organized lymphoid tissue of the 
gastrointestinal tract. Furthermore, polymorphisms in several 
IBD-related genes seem to primarily affect intestinal permeabil-
ity and may result in an uncontrolled and potentially harmful 
exposure of the mucosal immune system to various microbial, 
viral, or other antigens.8-11 

2. Apoptosis regulation

The control of cell death in the intestinal epithelium is deli-
cately balanced. In fact, excessive cell death may cause epi-

thelial barrier dysfunction and uncontrolled translocation of 
several luminal antigens into the intestinal wall. In patients with 
IBD, susceptibility to chronic inflammation of the gut can be the 
result of such epithelial barrier dysfunction. By contrast, various 
defects in cell life-death turnover may result in an aberrant ac-
cumulation of epithelial cells and may cause bowel mucosa dys-
plasia or even cancer. For example, many studies on necroptosis 
have demonstrated that caspase inhibition may directly result 
in intestinal barrier dysfunction and subsequent gut inflamma-
tion.12 

Caspases are proteases that regulate cell differentiation, ho-
moeostasis, and removal of damaged cells from the intestine, 
as well as other organs of the body. Their activity is regulated 
to allow rapid activation and optimal response to any type of 
stress. In recent years, caspase dysregulation has been related to 
several diseases, including IBD. Of note, caspases-1, -4, -5, and 
-12 are activated during innate immune responses and actively 
contribute to the formation of the inflammasome. Caspase-8 
controls necroptosis of Paneth cells and appears to be involved 
in chronic inflammation of the intestinal epithelium. In fact, 
caspase-8 seems to represent a crucial player in cell survival, 

Table 1. Potential Molecular Targets for Biologic Therapies in Patients with Inflammatory Bowel Disease

Dysregulated molecular mechanism(s) in IBD Potential molecular target(s)

A. Intestinal epithelial barrier dysfunction

    Apoptosis Apoptotic molecules (e.g., caspase-8)

    Translocation of antigens/microbes Toll-like receptors (e.g., TLR-4)

    Antigen-presenting cells Macrophages, dendritic cells

    Paneth cells Defensins 

B. Acute inflammation

    Failure of regulatory cells 

    Activation of proinflammatory mediators

Regulatory T cells

T effector cells (Th1, Th2, Th17)

B cells 

Dendritic cells

Macrophages (TGFβ, TNF-α, IFN-γ, cytokines [IL-6, IL-9, IL-12, IL-23])

    Signaling pathways Smad7 

JAK inhibitors (e.g., tofacitinib)

    Trafficking pathways Adhesion molecules (e.g., MAdCAM-1)

Anti-integrins (e.g., anti-α4β7)

C. Perpetuation of chronic inflammation

    Innate intestinal immunity mechanisms Genes involved in innate mucosal defense and antigen presentation (NOD2, MDR1, PPAR-γ)

    Adaptive intestinal immunity mechanisms Regulatory T cells

T effector cells (Th)

B cells 

    Oxidative stress balance Redox-sensitive signaling pathways and proinflammatory transcription molecules

D. Mucosal healing, tissue destruction Dendritic cells, adipocytes

Fibroblasts, myofibroblasts

IBD, inflammatory bowel disease; Th, T helper; TGFβ, transforming growth factor β;  TNF-α, tumor necrosis factor α; IFN, interferon; IL, interleu-
kin; JAK, Janus-activated kinase; MAdCAM-1, mucosal addressin cellular adhesion molecule-1.
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death, and regulation of the type of cell death. Caspase-8 dys-
regulation has been shown to result in epithelial cell death and 
intestinal inflammation. Regulators of caspase-8 could be hy-
pothesized to prevent cell death and apoptosis dysregulation in 
patients with IBD. Further research on caspase regulation may 
improve our ability to control the function of caspases in the 
intestinal epithelium and may indicate new types of therapies 
for IBD.13

Another important regulator of bowel epithelium homeostasis 
is the caudal-related homeobox transcription factor 2 (CDX2), 
which regulates various processes such as proliferation, adhe-
sion, and migration of intestinal cells. Some data also show 
involvement of CDX2 in proinflammatory pathways and in 
regulation of genes directly related to intestinal inflammation. Of 
importance, CDX2 expression was shown to be decreased in pa-
tients with UC and was inversely correlated with TNF-α levels.14 

3. Translocation of antigens/microbes: receptors and  
transporters

1) Toll-like receptors 
The cells of the innate immune system, in contrast to the cells 

of the adaptive immune system, have a much more rapid and 
less specific response to invading microorganisms or toxic mac-
romolecules. This response is mediated by pathogen-recognition 
receptors, which are membrane bound, such as the Toll-like 
receptors (TLRs). These receptors recognize predefined molecular 
structures, and this recognition leads to a rapid response.15 

The characterization of TLRs has helped our understanding 
of the initiating events of the inflammatory response in IBD. 
The role of TLRs as potential therapeutic targets in patients with 
IBD, however, is yet to be investigated. TLRs are expressed on 
various immune and epithelial cells and regulate the immune 
response to external antigens through recognition of pathogen-
associated molecular patterns. In addition, TLRs seem to also 
interact with various endogenous human ligands regulating dif-

Translocation of antigens/
microbes

Intestinal epithelial
barrier dysfunction

Antigen-presenting cells

Paneth cells

Apoptosis

Epithelial cell Epithelial cell Epithelial cell Epithelial cell

Failure of regulatory cells
(TRegs)

Acute
inflammation

Signaling pathways
Smad7, JAK

Activation of
proinflammatory
mediators

T effector cells
(Th1, Th2, Th17)

B cells
Dendritic cells
Macrophages

(TGF , TNF- , IFN- ,
cytokines [IL-6, IL-9,
IL-12, IL-23])

� � �

Trafficking pathways
Adhesion molecules ( MAdCAM-1)

Anti-integrins (e.g., anti- 4 7)

e.g.,

� �

Mucosal healing &
tissue destruction

Dendritic cells, adipocytes
Fibroblasts, myofibroblasts

Perpetuation of chronic
inflammation

Innate intestinal immunity
mechanisms

Adaptive intestinal
immunity mechanisms

Oxidative stress balance

Fig. 1. Summary and schematic 
illustration of the series of events 
involved in the pathogenesis of 
inflammatory bowel disease in the 
intestine.
Th, T helper; TGFβ, transforming 
growth factor β;  TNF-α, tumor 
necrosis factor α; IFN, interferon; 
IL, interleukin; TRegs, regulatory T 
cells; JAK, Janus-activated kinase; 
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ferent cell processes. According to previous data,16 TLRs could 
represent another potential molecular target for IBD therapy. In 
fact, experimental drugs modulating TLR signaling have dem-
onstrated remarkable efficacy profiles in controlling intestinal 
inflammation.

The potential molecular targeting of TLRs must to be used 
with caution and in such way not to oversuppress the innate 
immune response or dysregulate other important signaling 
pathways. The great challenge with using TLRs as therapeutic 
targets is to find the optimum balance between immune sys-
tem suppression and effective immune response. In the coming 
years, the production of TLR-based molecular therapies for IBD 
is expected to respect this immune system balance to favor the 
IBD healing process.17

2) Organic cation transporters
The organic cation transporter (OCT) family is known to have 

various interactions with several exogenous antigens. OCTN1 
uses acetylcholine as its physiologic substrate, and OCTN2 regu-
lates carnitine homeostasis. Of note, both OCTN1 and OCTN2 
have been linked to various autoimmune diseases, including 
IBD, and thus represent useful pharmacologic targets. Their po-
tential in effective IBD therapeutics is yet to be elucidated.18 

4. Antigen-presenting cells 

1) Macrophages 
During pathogen invasion and inflammation, intestinal mac-

rophages recruited from blood monocytes rapidly convert to a 
proinflammatory phenotype. Once activated, the macrophages 
express receptors specific for opsonized particles, complement, 
and several bacterial proteins. Pathogens are recognized by 
these receptors, which leads to their phagocytosis and subse-
quent intracellular killing. In addition, the activated macro-
phages secrete cytokines that affect the function of other cells 
in the absence of cell contact. Activated macrophages produce 
large quantities of IL-12 and TNF-α, which are cytokines that 
are responsible for both the recruitment and activation of effec-
tor T cells.15 

2) Dendritic cells
Dendritic cells (DCs) are phagocytic cells, which, like the mac-

rophages, originate from blood monocytes or a common pro-
genitor in the bone marrow. DCs have a potent ability to initiate 
adaptive immune responses against pathogens. When intestinal 
DCs are activated, they migrate to T-cell areas of the gut lym-
phoid tissue and induce effector T-cell responses. Of importance, 
intestinal DCs can induce the mucosal receptor α4β7 and the 
chemokine receptor CCR9 on T cells.19

5. Atypical lymphocytes

The atypical lymphocytes and natural killer T cells are also a 

part of the innate immune response system.20 Upon activation, 
they secrete proinflammatory cytokines and can kill infected or 
malignant cells. Of note, natural killer T cells producing large 
amounts of IL-13 have been found in the intestinal epithelium 
of patients with UC.21 

6. Paneth cells, defensins, and the autophagy pathway 

Paneth cells are epithelial cells found at the base of the small 
intestinal crypts which can sense luminal microbiota and anti-
gens and secrete antimicrobial peptides to contribute to innate 
immunity.22 Paneth cells in the terminal ileum are an abundant 
source of NOD2 protein; polymorphisms in NOD2, especially 
in Paneth cells, have been shown to decrease the production of 
α-defensins by these cells.23,24 

Autophagy is a process that involves degradation and re-
cycling of intracellular contents and removal of intracellular 
microbes and is mediated by lysosomes.25 Genomewide associa-
tion studies first pointed to the role of autophagy in CD patho-
genesis, with many CD-associated genetic loci categorized as 
having autophagy homeostatic function.26,27 Homozygosity for 
the autophagy risk allele (ATG16L1) contributes to Paneth cell 
dysfunction in mice and humans, but mice do not have devel-
opment of spontaneous intestinal inflammation. 

TARGETING ACUTE INFLAMMATION

1. Cytokines

In patients with IBD, a large variety of cytokines are derived 
from different cells of the mucosal immune system, including 
intestinal epithelial cells, macrophages, natural killer cells, mu-
cosal effector T cells (T helper [Th] 1, 2, and 17), and regulatory 
T cells (TRegs). The delicate regulatory mechanisms between 
proinflammatory and anti-inflammatory cytokines in the mu-
cosa of patients with IBD are yet to be refined. Nevertheless, 
several approaches to cytokine-based therapy have already been 
initiated with differing results regarding efficacy and safety.28

Of importance is the IL-12 family (IL-12, IL-23, IL-27 and IL-
35), which involves cytokines produced by antigen-presenting 
cells during intestinal inflammation. In models of experimental 
colitis, IL-23 rather than IL-12 has been suggested to be the 
main determinant of chronic intestinal inflammation.29,30 

2. Interferon production 

Antigen-presenting cells can also produce various cytokines 
of the interferon (IFN) family such as IFNα and IFNβ. Although 
one study showed that treatment with recombinant IFNβ1a was 
safe, it had no clear positive effect in corticosteroid-refractory 
UC.31 Immunostimulatory techniques to induce IFN production 
have also been hypothesized to be useful in IBD therapeutics.28 

3. T cells in IBD

TNF-α is produced by mucosal T cells, fibroblasts, macro-
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phages, and adipocytes; its blockade represents a successful 
therapy for CD and UC. When naïve T cells encounter their 
cognate antigen, they differentiate into effector T cells or TRegs, 
depending on the cytokine environment at the time.31,32 Current 
research indicates that the balance of different T-cell lineages is 
altered in IBD and that T-cell signaling and function are altered 
in CD and UC.33,34

1) Cytokines produced by T effector cells (Th cells)
Leukocyte infiltration into the intestine is important in IBD 

initiation and perpetuation. In addition, chemokines and che-
mokine receptors coordinate trafficking of leukocytes.35 Many 
studies support the concept that activated CD4+ T cells repre-
sent the basic immune characteristic of human IBD. In detail, 
the naïve T cells can differentiate into three types of effector Th 
cells: Th1, Th2, and Th17. Of note, CD4+ T cells are activated in 
the presence of IL-12, and in the absence of IL-4 they acquire a 
Th1 phenotype. In addition, CD4+ T cells that are activated in 
the presence of IL-4 acquire a Th2 phenotype and further lead 
to the production of IL-4, IL-5, and IL-13. Finally, activation of 
those cells in the presence of IL-6, transforming growth factor β 
(TGFβ), and IL-23 results in expressing the Th17 phenotype. The 
final phenotype of effector T cells depends on the antigens and 
the cytokine milieu present at the time of activation, but details 
of these phenomena still remain largely unkown.15 

IL-12 testing is a good example showing a difference between 
the paths from bench to bedside and that, in some instances, 
theory that IL-12 could be beneficial to IBD patients contradicts 
the results of clinical practice showing quite disappointing re-
sults with IL-12 use in IBD. In general, the contradictory results 
between theory and practice concerning interleukin use empha-
sizes that the concept of a simple Th1/Th2 imbalance in IBD still 
needs a better investigation.36

2) Cytokines produced by TRegs
TRegs represent a T-cell subset with great immunological 

importance as molecular targets for IBD therapy. It has been 
hypothesized that increasing the TReg population/function is of 
clinical value in IBD therapy. 

TRegs are activated by IL-10 and TGFβ, which are mainly 
produced by DCs.37 In addition, TRegs indirectly control the pro-
duction of TNF-α, IL-10, and TGFβ, which are cytokines known 
to be involved in the regulation of inflammation. IL-10 activates 
different signaling pathways to exert its anti-inflammatory ac-
tion, and it has been suggested that IL-10 could represent an 
important potential therapeutic target in IBD.37 However, no 
clear therapeutic effect of IL-10 has yet been demonstrated in 
human clinical trials. However, newer formulations of IL-10 
targeted at sites of inflammation, such as F8-IL-10 (Dekavil) 
may show promise for the treatment of IBD. Dekavil is an im-
munocytokine consisting of a targeting antibody fused to the 
anti-inflammatory cytokine IL-10. Dekavil has entered Phase II 

clinical trials in combination with methotrexate for the therapy 
of Rheumatoid Arthritis and investigations in IBD indications 
are being considered. Finally, the TGFβ1 signaling pathway and 
upregulation of Smad7—the inhibitory molecule of the TGFβ1 
signal—has been of particular interest in preliminary studies.38 

4. Multiple cytokine inhibition

Each of the cytokines above has been discussed as a single 
entity and as an isolated therapeutic opportunity in the panel 
of strategies for IBD. Another perspective could be that of tar-
geting multiple cytokines simultaneously to control disease 
activity. This concept parallels the concept that, in the inflamed 
mucosa, a variety of cytokines interact together. One example 
of this multifocused strategy is tofacitinib, a small-molecule 
Janus-activated kinase (JAK) inhibitor. JAKs are a family of 
cytoplasmic enzymes that are important to downstream signal-
ing of many cytokines after interacting with the transmembrane 
receptor.39 Another approach is the use of bispecific monoclonal 
antibodies (BsMAb, BsAb) that may target more than one anti-
inflammatory cytokines or pathways could be an important 
therapeutic advancement.

TARGETING SIGNALING AND TRAFFICKING PATHWAYS

The identification of new mechanisms in IBD pathophysiol-
ogy has pointed to more specific molecular targets for therapy, 
including those interfering with inhibition of leukocyte traffick-
ing to the gut.40 Upon activation, T cells express several adhe-
sion molecules that direct the T cells to the sites of inflamma-
tion.41 In detail, T cells stimulated by mucosal DCs are destined 
to return to the intestinal epithelium through the upregulation 
of α4β7 integrin and CCR9, a chemokine receptor.42 The inte-
grin α4 binds to vascular adhesion molecule 1, which is ex-
pressed at sites of inflammation of the vascular endothelium. 
The α4β7 integrin recognizes mucosal addressin cellular adhe-
sion molecule-1 (MAdCAM-1), a vascular endothelial molecule, 
and directs migration of effector T cells to the intestinal lamina 
propria.43,44

Several other compounds that interfere with gut homing have 
been evaluated, including antibodies against MAdCAM-1, which 
was shown to be effective in moderate-severe UC.45 Moreover, 
etrolizumab, an anti-β7-antibody, has shown promising results 
against UC.46 β7 appears in combination with both α4 and αE; 
therefore, etrolizumab might have a dual mechanism of action. 
Information about αEβ7 is scarce, but α4β7 may be downregu-
lated on CD8+ T cells after reaching intestinal lamina propria.47 
In contrast, αEβ7 may interact with E-cadherin, its primary 
ligand, on the basolateral side of the intestinal epithelium; this, 
then, may promote retention of lymphocytes in the epithelial 
compartment.36 Although many studies have focused on the 
vascular endothelium and angiogenic mechanisms, studies on 
the lymphatic vasculature and its functions in IBD are scarce.48



460  Gut and Liver, Vol. 11, No. 4, July 2017

TARGETING PERPETUATION OF CHRONIC INFLAMMATION

Initiation and perpetuation of chronic inflammation rely on 
immunity mechanisms and oxidative stress balance. Oxida-
tive stress has a crucial role in intestinal inflammation. When 
inflammation is initiated, activated leukocytes produce a wide 
spectrum of proinflammatory cytokines and also trigger oxida-
tive reactions, which affect the redox equilibrium within the 
gut mucosa. This oxidative stress–induced imbalance maintains 
inflammation by initiating redox-sensitive signaling pathways 
and proinflammatory transcription molecules.49 The tremen-
dous progress made in biochemistry and molecular medicine 
highlights the theoretical possibility of optimal regulation of 
the oxidative imbalance associated with IBD. For example, IBD 
could possibly be treated by inducing local production of anti-
inflammatory molecules, as well as by developing biologic 
therapies that target selective molecules affecting redox balance 
and molecular signaling (e.g., inflammasomes).50,51

TARGETING MUCOSAL HEALING AND TISSUE DESTRUCTION

The ultimate goal of histologic healing in IBD is still far from 
becoming a reality, and the closest therapeutic scenario related 
to clinical practice is biological healing, which is directly related 
to mucosal healing.52 Mucosal healing depends on the function-
al harmonization of several types of intestinal cells, including 
epithelial cells, goblet cells, and Paneth cells. Important steps in 
mucosal healing include cell proliferation, migration, expansion, 
and differentiation leading to mucosal healing and intestinal 
epithelial normalization.20 In addition, DCs, adipocytes, fibro-
blasts, myoblasts have an important role in mucosal healing 
and regeneration (Table 1). These cells promote the healing and 
regeneration process through a very well balanced function 
which is regulated by special molecular mediators and tissue 
repair feedback signaling.

Although it is difficult to discern which factors are of impor-
tance in determining these events and which are bystanders in 
these mucosal healing phenomena, it would be important to 
delineate factors that could be critical in the process of mucosal 
healing. This approach of revealing the optimal strategies for 
mucosal healing could also point toward new therapeutic mol-
ecules for IBD.

CRITICAL OVERVIEW OF MOLECULAR TARGETS IN IBD 
THERAPY

IBD therapy has advanced considerably in the past 2 decades 
with the use of biologic agents, mostly anti-TNF-α–based thera-
pies. However, it is clear that the therapeutic needs in IBD are 
still unmet, and the efficacy of these new therapies is limited 
in some groups of patients. Several novel strategies have been 
developed to address these needs of IBD patients for more ef-

fective and safer therapies. These strategies include reinforcing 
epithelial barrier function, proinflammatory cytokine inhibition, 
blocking of inflammatory cell trafficking, and enhancing TReg 
function (Table 2).53 

Advances in molecular genetics have shown that several 
IBD-related genes involved in immune pathways could repre-
sent useful therapeutic targets.54 In addition, dysregulation of 
crosstalk among several molecular pathways in IBD still needs 
further elucidation. An example of the dynamic interaction of 
adaptive immunity is in the role of Th17 cells in IBD. Patients 
with CD have been shown to have increased Th17 cells; hence, 
anti-IL-17 antibody (secukinumab) was tried as a therapeutic 
strategy. Unexpectedly, secukinumab resulted in the worsening 
of CD and more adverse events in treated patients, which was 
attributed to the complex biology of Th17 cells.

A drawback of current clinical trials is inadequate or lack of 
immunophenotyping of patients. However, recent advances in 
high-throughput technologies provide an opportunity to moni-
tor the dynamics and the complexity of the immune system, 
which may to lead to a more personalized treatment approach 
in IBD.15 However, there are many unanswered questions about 
the best therapies, the long-term safety of biologic agents, and 
the ability of new therapies to change the natural history of 
IBD.55

It is important to mention that different drugs could produce 
similar therapeutic effects regarding modification of inflam-
matory pathways. Many studies40-44 have challenged new per-
spectives on the discovery of molecular targets for definitive 
IBD therapy. We have learned that experimental data do not 
always correspond to disease in clinical settings and that many 
improvements and refinements of our molecular approach to 
IBD have yet to be done. New studies assessing the complex im-
mune signatures in response to different therapies are needed.56

After the breakthrough of TNF-α blockade by neutralizing 
antibodies in both CD and UC, many therapeutic agents inhibit-
ing the activity of proinflammatory cytokines or supporting the 
action of anti-inflammatory cytokines were evaluated as ther-
apy for IBD.39,40 Unfortunately, many of them failed in clinical 
studies or had beneficial effects in subgroups of patients only, 
which underscores the notion that cytokine networks in human 
IBD are more complex than previously assumed and may vary 
among patients. This poses the question of whether further and 
profound progress can be made with targeting cytokines in IBD. 

A possible answer is to target several cytokines at the same 
time, through a combination of different targeted antibodies, 
through interfering with overlapping intracellular signaling 
pathways, or through enhancement of anti-inflammatory cyto-
kines. However, it does not seem wise to randomly test possible 
combinations. Instead, it is mandatory that we increase and re-
peatedly test our knowledge about the pathogenesis of IBD us-
ing model systems.57 As an example, the clinical phenotype may 
be similar between two patients with IBD, but the underlying 
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aberrations in the immune system could be very different. Even 
in the same patient, the underlying immunopathologic processes 
may change over time, regardless of the initial triggering events. 

Finally, the expanding role of new delivery systems that al-
low more targeted drug delivery is also expected to benefit IBD 
therapeutics. 

These new delivery systems that allow more targeted drug 
delivery include for example nanomedicine which represents a 
major challenging field with its main aims: targeted drug deliv-
ery, diagnostic, theranostics, tissue engineering, and personal-
ized medicine. Although the real applications of these systems 
still need major work, nevertheless new challenges are open, 
and perspectives based on integrated multidisciplinary ap-
proaches would enable both a deeper basic knowledge and the 

expected advances in biomedical field.
The great challenge of balancing the control of mucosal in-

flammation and avoidance of harmful events remains to be suc-
cessfully addressed.58

CONCLUSIONS

Despite the increased knowledge gained from animal and 
human studies, many aspects of mucosal immunity in patients 
with IBD remain unclear. Recently, significant progress has been 
made in high-throughput technologies such as genomic se-
quencing, which provide multiparametric data that can be used 
to not only define the various immune cell states but also assess 
how they interact with each other in various conditions. 

Table 2. Critical Overview and Future Directions of Molecular Targets in Inflammatory Bowel Disease Therapy

Critical overview

    1. Novel strategies for more effective and safer therapies 

        Reinforcing epithelial barrier function

        Proinflammatory cytokine inhibition

        Blocking of inflammatory cell trafficking

        Enhancing TReg function

    2. Advances in molecular genetics on IBD-related genes 

        In immune pathways 

        In dysregulation of crosstalk among several molecular pathways 

        In the role of Th17 cells 

    3. Need for adequate immunophenotyping of patients

        To monitor the dynamics and the complexity of the immune system 

        For more personalized treatment approach in IBD

    4. Still unanswered questions remain about 

        The best therapies

        The long-term safety of biologic agents

        The ability of new therapies to change the natural history of IBD

Challenges, future directions, and new perspectives

    1. Challenges 

        Different drugs could produce similar therapeutic effects 

        Experimental data do not always correspond to disease in clinical settings 

        Need of refinements of our molecular approach to IBD 

        Need of new studies assessing the complex immune signatures 

    2. Future directions

        A combination of different targeted antibodies

        Enhancement of anti-inflammatory cytokines

        Increasing our knowledge about the pathogenesis of IBD using model systems

        Role of new delivery systems that allow more targeted drug delivery 

        Balancing the control of mucosal inflammation and avoidance of harmful events 

        Able to predict individual disease courses and therapeutic responses through the assessment of molecular biomarkers

        Approach to IBD therapy selected on an individual basis

TReg, regulatory T cell; IBD, inflammatory bowel disease; Th, T helper. 
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More detailed knowledge of the complexity of the immune 
system in IBD will improve the classification of IBD, the devel-
opment of more representative animal models, and the design 
of new biologic therapies for a more personalized treatment ap-
proach.59 Once we are sufficiently able to predict individual dis-
ease courses and therapeutic responses through the assessment 
of molecular biomarkers, it seems that the most encouraging 
approach to IBD therapy will be selected on an individual basis.
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