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Abstract: Chronic inflammatory bowel diseases (IBDs) are a subject of great interest in 

gastroenterology, due to a pathological mechanism that is difficult to explain and an optimal 

therapeutic approach still undiscovered. Crohn’s disease (CD) is one of the main entities in 

IBD, characterized by clinical polymorphism and great variability in the treatment response. 

Modern theories on the pathogenesis of CD have proven that gut microbiome and environmental 

factors lead to an abnormal immune response in a genetically predisposed patient. Genome-

wide association studies in patients with CD worldwide revealed several genetic mutations that 

increase the risk of IBD and that predispose to a more severe course of disease. Gut microbiota 

is considered a compulsory and an essential part in the pathogenesis of CD. Intestinal dysmi-

crobism with excessive amounts of different bacterial strains can be found in all patients with 

IBD. The discovery of Escherichia coli entero-invasive on resection pieces in patients with CD 

now increases the likelihood of antimicrobial or vaccine-type treatments. Recent studies target-

ing intestinal immunology and its molecular activation pathways provide new possibilities for 

therapeutics. In addition to antitumor necrosis factor molecules, which were a breakthrough in 

IBD, improving mucosal healing and resection-free survival rate, other classes of therapeutic 

agents come to focus. Leukocyte adhesion inhibitors block the leukocyte homing mechanism and 

prevent cellular immune response. In addition to anti-integrin antibodies, chemokine receptor 

antagonists and SMAD7 antisense oligonucleotides have shown encouraging results in clinical 

trials. Micro-RNAs have demonstrated their role as disease biomarkers but it could also become 

useful for the treatment of IBD. Moreover, cellular therapy is another therapeutic approach under 

development, aimed for severe refractory CD. Other experimental treatments include intravenous 

immunoglobulins, exclusive enteral nutrition, and granulocyte colony-stimulating factors.
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Introduction
Crohn’s disease (CD) is an immune-mediated inflammatory bowel disease (IBD), with 

a rising incidence during the past decade. It generally affects younger people with 

the age of onset between 15 and 40 years and has an incidence of 3.1 to 14.6 cases 

per 100,000 person-years in North America.1 Clinical, endoscopic, and pathologi-

cal criteria for a CD diagnosis are highly variable due to the many possible disease 

patterns. Definitive characteristics for the CD are “skipping” intestinal lesions, presence 

of transmural inflammation, sometimes complicated by fistulae, and the presence of 

non-caseous granuloma on intestinal biopsies.2

Experimental medicine through murine models brought the opportunity of gene 

manipulation, thus revealing the importance of genetic determinants and triggering 
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or protective factors of disease. Progress was also made in 

mucosal immunology, where recent evidence suggests that 

a defective innate immune response after disruption of the 

epithelial barrier is the primary defect in CD.3 Several mecha-

nisms were incriminated in this process, such as increased 

intestinal permeability, alteration in mucus layer, bacterial 

aggression, chemical substances, and changes in the tight 

intercellular junctions.4–6

Activation of nuclear factor (NF)-kB pathway with the 

overproduction of tumor necrosis factor (TNF) alpha is 

already widely known as the central effector arm leading 

to inflammation.7 This common pathway bringing the anti-

tumor necrosis factor (anti-TNF) to clinical practice was 

definitely a breakthrough in terms of disease management and 

outcome.8 However, almost 30% of patients do not respond 

to anti-TNF therapy or lose response in time,9 while adverse 

reactions such as systemic infections or malignancies are not 

negligible over the course of the treatment.10 In this context, 

the need for new, more potent, and targeted molecules is 

obvious.

This review will gather recent pathogenic factors incrimi-

nated, as well as the latest treatment options both available 

and under investigation, which might change the current 

management of the disease.

Methods
An electronic search of publications on PubMed database 

(through May 2015) was conducted. We also reviewed the 

reference lists of each included article and relevant review 

articles. The selection of studies presented was based on the 

most recently published trial results. Ongoing clinical trials 

were assessed from the pharmaceutical developers’ sites 

and from international IBD Foundations that are currently 

enrolling patients (http://www.clinicatrials.gov and http://

www.clinicaltrialsregister.eu).

Pathogenic factors
The current pathogenic mechanism in CD is defined by an 

abnormal response of the intestinal immunity to innocuous 

luminal antigens in a genetically predisposed host, resulting 

in transmural, patchy inflammation of the intestinal wall. 

A first step in the process of the disease is the disruption of 

the intestinal barrier, permitting bacterial antigen passage into 

the submucosa and lamina propria.4 In patients with CD, the 

immune response is imbalanced through various factors, such 

as genetic predisposition, altered autophagy, and increased 

cytotoxicity of T cells. The defective immune response 

leads to increased cellular recruitment and overexpression of 

pro-inflammatory cytokines in association with diminished 

levels of immunosuppressive cytokines.

Genetic factors
The first signs for the genetic basis in CD started with 

monozygotic twin studies and other familial clusters of IBD.11 

Lately, genome-wide association studies (GWAS) have iden-

tified more than 150 genetic risk loci for IBD, 70 of which 

may be associated with CD. There is also a great variation 

between European, American, and Asian populations with 

different gene mutations that can predispose to CD.12

The most important association is, by far, the nucleotide-

binding oligomerization domain-containing protein 2 

(NOD2)/caspase recruitment domain-containing protein 15 

(CARD15) gene polymorphism, participating in the innate 

immune response. NOD2 is a protein in the NF-kB pathway, 

which acts as an intracellular sensor for muramyl dipeptide 

(bacterial wall component). Several experimental studies 

have shown that patients with NOD2 mutations have an 

inadequate antibacterial response, possibly through lower 

production of alpha defensins (antibacterial molecules pro-

duced by Paneth cells) or by impairment in the autophagy 

cascade, leading to increased levels of NF-kB.13 Clinically, 

variants of NOD2 are associated with ileal involvement, 

a stenosing or fistulizing pattern of disease and a higher risk 

of surgery.14 Nonetheless, GWAS studies in Korea found that 

NOD2 mutation is not present in their patients, even though 

clinical pattern is similar to Caucasians.15

Other genetic variants that may lead to an increased risk 

of CD are: Toll-like receptor 4 (TLR-4), CARD9, interleu-

kin 23 receptor (IL-23R), signal transducer and activator of 

transcription 3 (STAT3) for innate immunity; human leu-

kocyte antigen, tumor necrosis factor ligand superfamily 15 

(TNFSF15), interferon regulatory factor 5 (IRF-5), protein 

tyrosine phosphatase non-receptor type 22 (PTPN-22) for 

adaptative immune system, etc.12

Due to the fact that GWAS results were consistent only for 

NOD2, larger sample sizes for gene susceptibility evaluation 

are required. Therefore, an International IBD Genetics Con-

sortium was created. Until the present date, three GWAS have 

been published as a product of International IBD Genetics 

Consortium. These studies include more than 75,000 patients 

and evaluations for over 140 risk loci for CD.12,16

Genetic variations in the autophagic pathway can also 

increase the risk of CD. Autophagy is a lysosomal recycling 

mechanism of the cytoplasm that plays an important role in 

the innate immune response toward intracellular bacteria. 

Another pathway with close interaction to the autophagic 
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pathway is the unfolded protein response induced by endo-

plasmic reticulum stress. Autophagy-related 16-like 1 gene 

(ATG16L1) and immunity-related guanosine triphos-

phatase gene (IRGM) have been linked to a higher sus-

ceptibility of CD.17

Individually, these mutations carry a moderate risk and 

need other associated factors like microbial interaction to 

trigger the disease. Future genetic research by fine-mapping 

and whole-genome sequencing studies, followed by statisti-

cal analysis of the population, will probably guide us toward 

new potential therapeutics.12

Micro-RNAs (miRNAs) are noncoding RNAs, which act 

like posttranscriptional factors in gene expression, altering 

gene transcription, and various mechanisms of cell signaling 

in innate and adaptive immunity. Over 5,400 miRNAs have 

been identified so far, each carrying possible implications 

in autoimmune-mediated diseases.18 In the context of IBD, 

correlations to the NOD-like receptors, TLRs and T-helper 

cells, especially Th17, were assessed in multiple investiga-

tional studies.19 The therapeutic application of miRNAs is 

not well established, but could comprise miRNA agonists 

and antagonists. The limitations of these molecules are rep-

resented by difficulty to target a specific organ and the asso-

ciated systemic adverse reactions. However, the variability 

of miRNAs depending on the type of IBD, disease pattern, 

and response to treatment suggests that it could become a 

biomarker of disease.20

intestinal barrier
The intestinal wall has four layers: mucosa, submucosa, 

muscular layer, and serosa. Epithelial cells in the mucosa 

are a dynamic interface and form a physical, chemical, and 

immune barrier. In normal people, a mucus layer protects 

the epithelium and the layers below from luminal bacteria 

and allows interactions mainly through the Peyer’s patches. 

The diminished mucosal protection may lead to an increased 

bacterial adhesion and invasion, with a final inflammatory 

process. Disruption in the mucosal barrier is now thought to 

be a key element in the onset of disease and in the frequent 

relapses.4 Alteration in the small vasculature of the mucosal 

layer followed by the appearance of aphthous ulcers is the 

earliest pathological and endoscopic step in the course of the 

disease.21 Some mechanisms incriminated are a low produc-

tion of antimicrobial proteins by Paneth cells (alpha-defensin 

in ileal CD and beta-defensins, LL-37, SLPI, elafin in colonic 

CD), impaired autophagy, and increased permeability of the 

intestinal epithelium (genetic, environmental, and lifestyle 

factors are implicated).4,22

Microbial factors
The hypothesis of a microbial involvement in CD can be 

supported by the location of the lesions with aphthous ulcers 

appearing in Peyer’s patches, by the predominance of lesions 

where the bacterial concentration is the highest and also by 

the favorable therapeutic effects of temporary transit deriva-

tion and antibiotics in moderate flares.23

Gut microbiota is the subject of an unprecedented inter-

est in all the fields of gastroenterology. All recent studies 

confirm the existence of a dysmicrobiosis phenomenon with 

low levels of Firmicutes, Bifidobacteria, and Lactobacilli, 

while higher numbers of Escherichia coli and other strains 

of Enterobacteriae.6,24,25

Adherent-invasive E. coli (AIEC) is a new bacterial 

entity emerging from observational studies proving that 

E. coli in CD patients has a greater pathogenic effect than 

those in control subjects.24 In a study on CD intestinal tissue, 

Darfeuille-Michaud found this type of E. coli in 65% of intes-

tinal chronic lesions and in 100% of early postoperative recur-

rence lesions.26 In CD patients, invasive bacteria can enter the 

macrophages and stimulate the TNF-alpha production, while 

possibly promoting granuloma formation (in vitro finding). 

Other in vitro findings relate AIEC to a lower expression of 

miRNA leading to a reduced autophagic process.27

In animals, Mycobacterium avium paratuberculosis 

(MAP) is an infection that causes a CD-like disease with 

fibrosing and stenosing patterns and a predisposition to gran-

uloma formation. Human exposure to this agent is achieved 

via environmental factors (water, meat, milk, and breast 

milk), and it can be isolated in blood cultures in patients with 

IBD and in control subjects.28 Its influence in IBD and CD is 

highly debatable with several counter-arguments, such as the 

higher prevalence of MAP DNA in healthy subjects compared 

to the patients with IBD (47%–16%), the failure of antibi-

otic therapy, and the effect of immunosuppressive therapy, 

which could worsen the MAP infection.28–30 Other findings 

supporting a possible implication of MAP were the presence 

of antibodies against Saccharomyces cerevisiae (ASCA) in 

the plasma of patients with CD (MAP is a source of ASCA-

epitope) and the in vitro studies showing that MAP impairs 

E. coli phagocytosis by the macrophages.30 Genetic research 

found that SLC11A1 gene polymorphism was associated with 

CD and MAP infection.31 Therapeutic implications of MAP 

are currently under development.

The involvement of Helicobacter pylori (HP) infection 

in CD pathogenesis has been highly debated with discor-

dant results between researchers. Epidemiological studies 

showed that HP infection is inversely correlated with the IBD 
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demonstrating CD onset shortly after HP eradication with 

case reports.32 Another retrospective study from People’s 

Republic of China found that decreased HP infection was 

parallel to increased CD severity.33

Clostridium difficile infection is a risk factor for flare-ups 

in patients with IBD probably due to a disrupted microbiotic 

environment and frequent antibiotic treatment. Even though 

it can complicate the course of disease, no correlation with 

the pathogenesis of IBD has been proved.34 Campylobacter 

and Salmonella infections were associated with a higher risk 

of IBD in the first year after a positive stool test. However, 

in Jess et al study, patients with a negative stool test also had 

a high risk for IBD within the first year.35

environmental components
There are many theories that correlate possible environmental 

factors with the higher incidence of CD in some specific 

populations. The frequency of IBD in developed countries 

is definitely higher than in the poorer countries, suggesting 

that low exposure to pathogenic infections could disturb the 

mucosal immune balance, thus increasing the risk of IBD.36 

Another aspect is the increased rate of parasitic coloniza-

tion in underdeveloped countries. Helminths elicit a type-2 

T-helper cell response (Th2), which lowers the Th1 response 

commonly increased in CD.37

Lifestyle choices, such as previous or present smoking, 

have been typically associated with a higher risk of CD and 

an increased number of flares in those patients.38 The under-

lying mechanism can be related to an increased epithelial 

cell apoptosis, a higher intestinal permeability, and also to 

changes in the mucosal immune response without a clearly 

proven correlation. Nicotine can also influence the intestinal 

immune balance by lowering T-cell proliferation and altering 

macrophagic response.39

Diet is considered a pathological trigger in some cases, as 

nutritional principles can affect the intestinal permeability and 

the clearance of bacterial antigens, consequently influencing 

the immune system.40 Extrapolating from the effectiveness 

of exclusive enteral nutrition in pediatric CD,41 there have 

been many recent studies targeting the dietary components 

that increase the risk of CD.42 In a recent study, Kawaguchi 

et al showed that food antigens can trigger CD4+ T cell acti-

vation in mice affected by CD and are associated with high 

IgG plasma levels.43 With the help of GWAS correlated with 

nutrigenetic and nutrigenomic research, a new, more personal-

ized approach to the patient with IBD is expected.43,44

Another important aspect when discussing dietary habits 

is their influence on intestinal microbiota. Colonic bacteria 

can metabolize a large spectrum of complex carbohydrates 

and other fermentation products resulting in short chain 

fatty acids, acetate, butyrate, propionate, which in turn can 

influence colonic pH, intestinal permeability, and normal gut 

microbiota, possibly facilitating the development of IBD.45 

One small study (eight participants) researching the influence 

of diet in altering fecal microbiota of the patients with CD 

noted that after a specific carbohydrate diet, there was an 

increased representation of Faecalibacterium prausnitzii, an 

anti-inflammatory commensal. In contrast, a low residue diet 

led to a decrease in microbiome diversity.46 One major study 

involving dietary therapy and gut microbiome in patients with 

IBD is currently recruiting participants.47

Immuno-inflammatory factors
In IBD, various aspects of the mucosal immune system are 

modified. The implicated cells include intestinal epithelia, 

innate lymphoid cells, macrophages, dendritic cells, B cells, 

and T cells. The interaction of the antigen-presenting cells 

(APCs) with the bacterial antigens leads to differentiation 

of naïve T-cells into effector T-helper cells, which occurs 

mainly in Peyer’s patches and lymphoid tissue.

The CD is considered a Th1 inflammatory disease with 

an overexpression of cell-mediated immune response, and 

therefore a high concentration of IL-12 produced by APCs 

and macrophages. Th2 cells are part of an immune-mediated 

process and respond by producing IL-4, IL-5, IL-6, IL-10, and 

IL-13. The communication between the two CD 4+ subsets 

is also cytokine mediated, with IFN-gamma (produced by 

Th1) inhibiting Th2 and IL-4, IL-10 and IL-13 inhibiting 

the Th1 response.48

In IBD, cytokine imbalance leads to a chronic intes-

tinal inflammation. On one hand, the pro-inflammatory 

Th1 lymphocytes increase the levels of TNF, IL-6, IL-12, 

IL-17, IL-23. On the other hand, inhibition of intermedi-

ate molecular pathways leads to increased plasma levels of 

immunosuppressive cytokines (such as TGF-beta and IL-10) 

that have limited activity. For example, SMAD7 pathway 

was shown to relate a blockage in TGF-beta signaling by 

binding to its receptor.49 Other pro-inflammatory pathways, 

such as PI3K/AKT/PTEN pathway, increase reactive oxygen 

species and lead to NF-kB activation via IB kinase, as final 

mechanism.50

IL-12/IL-23 is a pro-inflammatory axis with a role in 

the differentiation of Th17 lymphocytes, a new subtype of 

T-lymphocytes implicated in many chronic autoimmune- 

mediated diseases. IL-12 and IL-23 share a common p40 

subunit. While IL-12 participates in the Th1 response, IL-23 
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is oriented toward stimulating the Th17 arm. The latter has a 

key position in the adaptive immune system against extracel-

lular bacteria and fungi not well covered by Th1 and Th2, 

while also being responsible for producing the IL-17 family 

of cytokines (IL-17A, IL-17B, IL-17C, IL-17D, IL-17E 

[IL-25], and IL-17F).48

Other pro-inflammatory cells stimulated by IL-23 are 

the innate lymphoid cells, which mirror the Th cytokine 

secretion and which could provide both pro-inflammatory 

and protective/regulatory responses toward the commensal 

bacteria. Thus, the manipulation of those cells could also 

provide future treatment targets for IBD.51

Therapeutic targets
The therapeutic goal for CD has been the induction and main-

tenance of remission, with an emerging emphasis on mucosal 

healing52 and, more recently, on histological remission.53 CD 

treatment guidelines include salicylate compounds, antibiot-

ics, immunosuppressive, and immune-modulating drugs.

The discovery of biologic agents, especially anti-TNF, 

has revolutionized the medical care by improving the 

resection-free survival rate and the morbidity in patients 

with moderate to severe CD, finally changing the natural 

course of the disease.54 However, there are still severe cases 

in which neither of the current medical tools can provide a 

good clinical response, prevent the frequent relapses after 

induction, maintain the remission, and avoid the associated 

adverse reactions.55

Therefore, the development of new drugs for an efficient 

treatment of the disease is mandatory, and comprehensive 

research in mucosal immunology brings many new potential 

molecular targets into the light.

Microbial modifiers
Gut microbiota is considered an essential trigger in chronic 

IBD. Bacterial overgrowth treatment with intraluminal 

antibiotics (Rifaximin) induced remission in patients with 

moderately active CD.56 The discovery of AIEC and MAP as 

etiopathogenic factors promotes the hypothesis of antibacte-

rial drugs as therapeutics.

QBECO Site Specific Immunomodulator is a vac-

cine derived from inactivated E. coli bacteria, which has 

shown excellent results in the induction of clinical response 

and remission in subjects with moderate to severe CD 

(Phase I/II trials placebo-controlled).57 The basis of this ther-

apy is to stimulate the innate immune system to remove the 

underlying trigger. During the trial, patients followed their 

normal therapeutic regimen for the CD.

MAP is the subject of the study MAP US Phase III, 

a randomized double-blind study aimed to investigate 

RHB-104 antibiotic (combining clarithromycin, rifabutin, 

and clofazimine) efficacy in inducing remission in patients 

with moderately to severely active CD.58 One previous 

study with the same antibiotic combination administered 

for 2 years had positive results at 18 weeks, but no final 

beneficial outcome.59

Prebiotics and probiotics could change intestinal 

microbiota and elicit an anti-inflammatory response. 

Although for ulcerative colitis (UC), prebiotics such as 

oligofructose-enriched inulin have shown some benefit in 

maintaining remission, for CD the results were not consistent. 

Probiotic strains from the Lactobacillus, Bifidobacterium, 

and Saccharomyces families were attempted for active CD 

and for the maintenance of remission in CD. The results were 

not conclusive, with some researchers stating that Lactoba-

cillus GG might actually increase relapse rate.60 Currently, 

probiotics are not recommended in CD, whereas in UC there 

is an evidence supporting the effectiveness in induction and 

maintenance of remission.61

Adhesion molecules and leukocyte 
recruitment
A completely different approach to IBD treatment is the 

inhibition of the lymphocyte gut-homing mechanism. This 

can be done by blocking adhesion molecules, which permit 

leukocyte migration or by inhibiting different receptors 

on the surface of CD4(+) T cells. Such a process prevents 

the activation of an inflammatory cascade, minimizing the 

intestinal damage.62

Natalizumab is a humanized IgG4 monoclonal antibody 

(mAb) that inhibits α4β7 integrin/mucosal addressin cell 

adhesion molecule-1 (MAdCAM-1) interaction and α4β1/

VCAM-1 binding.63 Unfortunately, due to severe adverse 

reactions, like multifocal leukoencephalopathy, occur-

ring from its systemic passage, it was withdrawn from the 

European market.64

Vedolizumab (VDZ) is a selective inhibitor of the α4β7 

integrin/MAdCAM-1 interaction, which provides a low sys-

temic effect and therefore, a limited therapeutic effect on the 

intestinal layers. Its clinical efficacy has been established by 

three Phase III double-blind vs placebo studies (GEMINI I, 

II, III) and is now approved for the treatment of moderate-

severe CD.65–69

GEMINI II65 enrolled 368 patients with moderate to 

severe CD, 51% having previous anti-TNF exposure. These 

patients received VDZ 300 mg IV at week 0 and 2 with the 
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first evaluation at 6 weeks. The primary end point was met, 

with CDAI response 31.4% vs 25.7% in placebo and noted a 

lower C-reactive protein (CRP) in 19.9% vs 21.1%. This trial 

had modest efficacy results primarily due to the late onset of 

therapeutic effect and motivated the following study.

GEMINI III68 enrolled 315 patients with moderate, severe 

CD, and all were subjected to previous anti-TNF therapy. It 

also introduced another end point. Results showed that, by 

10 weeks, clinical remission was achieved in 26.6% of the 

patients with VDZ vs 12.1% in the placebo group. In terms of 

steroid-free remission and durable remission, after 52 weeks, 

VDZ every 8 weeks had 45% and 31.7%, compared with 

30.1% and 15.9% in the placebo group.

In conclusion, VDZ has a gut-specific mechanism that 

lowers the infectious risk present in classical anti-TNF 

therapy, and can be used in patients who do not tolerate or 

have lost response to Infliximab (IFX). The only criterion 

for such treatment selection is that patients afford to wait 

10 weeks for the onset of the pharmacological effect.67,70

AMG-181, Abrilumab, is a fully human anti-α4β7 antibody 

heterodimer under development. Phase II trials are enrolling 

patients with moderate to severe CD, but results are expected 

to be similar to VDZ, since they have similar mechanisms of 

action.71 Two other anti-integrins, Firategrast and TRK-170, are 

also in Phase II trials, without any results published so far.72

PF 00547,659 is a MAdCAM-1 inhibitor, subject of 

the OPERA study, which was tested for active refractory 

CD. Despite preliminary results having a high placebo rate 

of response, further analysis showed good response and 

remission in patients with CRP levels above 18, in a dose-

dependent manner.73

Other biologic molecules targeting integrin ligands 

and receptors include intercellular adhesion molecule-1 

inhibitors, anti-NKG2D mAb, anti-CXCL-10 mAb, and 

chemokine receptor type 9 (CCR9).74–76 Vercirnon is a selec-

tive CCR9 antagonist under research. CCR9 is expressed 

on CD4(+) T cells and binds to CCL25, a small intestinal 

chemoattractant, facilitating lymphocyte gut homing. In addi-

tion to this, CCR9 signaling can inhibit Treg cell development 

in mouse models. Phase II trials – PROTECT77 and the last 

Phase III trial – SHIELD 478 showed efficacy at inducing and 

maintaining remission in moderate-severe CD, even though 

previous Phase III studies failed. Possible explanations for 

divergent results include a dose-dependent efficacy and a 

different study design with different inclusion criteria and a 

higher rate of discontinuation.79 CCX507 is another CCR9 

antagonist in Phase I that has had good results in preclinical 

studies when combined with anti-α4β7 antibodies.80

BL-7040 is an oligonucleotide acting like a TLR-9 

agonist, which suppresses acetylcholinesterase and which 

indirectly has macrophagic immune-modulating properties. 

It has been tested in a Phase II trial in patients with IBD 

with good results achieving also a significant reduction in 

neutrophil cell levels and in IL-6 levels.81

Anti-cytokines
Anti-TNF and TNF-inhibiting molecules
Anti-TNF molecules revolutionized the medical treatment 

for patients with IBD in the past decade. The molecules 

specifically target the TNF, either soluble or transmembrane, 

and prove highly effective in the management of moderate 

to severe disease. They act by blocking the final inflamma-

tory mediator. There are four main compounds approved in 

IBD: IFX, Adalimumab (ADA), Certolizumab pegol (CTZ), 

and Golimumab.54

IFX is a mAb that binds to transmembrane-TNF in mac-

rophages and activated T-cells, thus inducing apoptosis. Both 

efficacy and safety have been proven in multiple clinical stud-

ies for all phenotypes of the disease.54 Since it is derived from 

animal antibodies, its administration comes with a higher risk 

of allergic reaction55 and a loss of response due to anti-IFX 

antibodies, which may lead to treatment discontinuation. 82

ADA is similar to IFX but uses humanized mAbs, which 

theoretically have a lower immunogenic response. Current 

indications are similar to IFX as most clinical studies have 

shown comparable results, with some studies suggesting 

IFX as a better option in induction of remission in UC.83 For 

patients who have experienced a loss of clinical response to 

anti-TNF, dose intensification can be an effective measure 

in regaining remission. IBD studies comparing IFX/ADA 

dose-escalation revealed that 25% of patients with CD require 

dose escalation within the 1 year of treatment, independent of 

the therapeutic agent used. Statistically, more patients with 

UC on IFX treatment needed intensification of treatment 

(72% vs 25%).84

CTZ is also a humanized mAb with the Fab segment 

linked to polyethylene glycol that neutralizes both transmem-

brane and soluble TNF, unlike the previous two, it does not 

have an Fc-portion and does not activate the complement cas-

cade thus having no apoptotic effect.85 In a 2014 systematic 

review, the ADA had a superior effect in induction and the 

maintenance of disease remission compared with CTZ.86

Golimumab is the latest anti-TNF agent that has been 

approved for the treatment of IBD, especially for UC, but 

more recently also in refractory CD.76 It is a fully human 

mAb against soluble and transmembrane TNF-alpha with 
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a less pronounced apoptotic effect compared with IFX or 

ADA.86,87

Etanercept and onercept are soluble TNF receptors 

(inhibiting p75 and p55 units) that were suggested as poten-

tial therapeutics, but pilot and small double-blind studies 

(43 patients for etanercept) proved them ineffective.88,89 

Etanercept did not receive market approval in spite of the 

authors’ hypothesis that higher doses may be required for 

clinical response.90

Other anti-TNF molecules, called TNF kinoids, were the 

subject of Phase I/II trials in 2010 and 2012 with inconclu-

sive results.91 These molecules intend to induce an immune 

response and generate polyclonal antibodies that bind dif-

ferent epitopes of TNF-alpha, thus minimizing antibody-

mediated resistance. Further clinical trials are warranted.

Thalidomide has marked anti-angiogenic and anti-inflam-

matory properties, by means of inhibiting the production of 

TNF-alpha, IL-6, IL-10, and IL-12, while modulating natu-

ral killer cell activity and stimulating Th2 cytokines (IL-2, 

IL-4, IL-5).92 While its precise mechanism of action remains 

unknown, multiple clinical essays show a benefit in introduc-

ing it in refractory and pediatric cases of CD.93,94 A retrospec-

tive study by Gerich et al95, in which 47 patients were treated 

for a median of 4.4 months, obtained clinical responses in 54% 

of cases and clinical remission in 19% of patients. Steroids 

could have been discontinued in 40% of patients. This study 

also showed that response is dose dependent, since for a dose 

of less than 50 mg, the rates of response reached 40%, while 

a dose higher than 50 mg had a response of 80%.95

Other studies, which used thalidomide in patients with 

previous treatment with anti-TNF or in the fistulizing 

pattern of disease, had encouraging results, worth future 

investigations.94 Combinations of anti-TNF or cyclophos-

phamide with thalidomide have shown promising effects 

in Chinese studies.96 However, thalidomide comes with 

frequent side effects, which limits its use in current medical 

practice. Changes in thalidomide drug delivery system by 

artificial alginate-poly-l-lysine-alginate microcapsules had 

good results in the context of a more targeted, intraepithelial 

limited effect.97

Anti-iL-12 and iL-23 antibodies
Anti-IL-12 and IL-23 antibodies (briakinumab) were tested 

but failed to produce significant clinical responses.98 An 

oral inhibitor for IL-12 and IL-23 was researched (apilimod 

mesylate) but results in the treatment of rheumatoid arthritis 

were superior. These molecules are no longer being studied 

in CD at the present moment.99

Inhibitors for the p40 subunit have been considered as an 

important therapeutic target in autoimmune diseases, such as 

psoriasis, because blocking IL-12 and IL-23 would prevent 

activation of Th1, Th17, natural killer, and APC. Ustekinumab 

is a p40 inhibitor, which has been successfully used in the 

treatment of CD when anti-TNF therapy failed.100 A French 

multicenter GETAID study including 97 patients who did not 

respond to anti-TNF therapy and immune-suppressants showed 

a clinical benefit in 71% of cases at 3 months and 86% at  

12 months. Eight out of nine patients with perianal disease have 

shown clinical improvement at the end of the study.101,102

MEDI2070/AMG-139 is another IL-23 inhibitor that 

binds to the p19 subunit while leaving the IL-12 pathway 

unblocked.103 This compound is in its Phase II trials with 

preliminary reports showing good clinical response vs pla-

cebo at 8-week end point in a cohort of 119 patients, 90% of 

whom previously received anti-TNF therapy.104

IL-6 is another pro-inflammatory cytokine implicated in 

Th17 activation. Tocilizumab is a human mAb binding IL-6, 

which has proven clinical efficacy in rheumatoid arthritis and 

in active CD, but has been ineffective regarding endoscopic 

and histological aspects in CD.105 The ANDANTE study is 

a Phase II trial for PF-04236921, another anti-IL-6 mAb. 

Primary pilot studies for this compound had good results in 

patients with active CD.106

Anti-IL-13 mAb Dectrekumab (QAX576) is of interest in 

CD with perianal fistulas according to the ongoing Phase II 

clinical studies. Primary concept studies aimed for complete 

fistula closure for more than 4-weeks during the trial.107 Two 

other compounds, tralokimumab and anrunkinzumab, were 

investigated in CD and UC but failed to meet primary end 

points.108,109

Signaling pathways mediated  
by cytokines
Janus kinase (JAK) inhibitors represent a possible molecular 

target due to their implication in signal transduction between 

IL-2R, IL-6R, IL-12, and IL-23. Tofacitinib is an oral JAK 

inhibitor that has shown effectiveness in rheumatoid arthri-

tis and in some UC studies.110 The CD results of a Phase II 

showed that 10 and 15 mg doses twice a day over 4 weeks 

had no effect in induction or remission. However, at the 

dose of 15 mg, both CRP levels and fecal calprotectin were 

significantly decreased, justifying a second trial with stricter 

inclusion criteria.111 Other JAK inhibitors are being tested in 

CD (GLPG0634) and in UC (Peficitinib).112

Laquinimod is a small, oral molecule that has a modulatory 

effect on APC, directing T-cells toward an anti-inflammatory 
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phenotype and lowering inflammatory cytokines. Two double-

blind Phase II trials demonstrated that at low doses of 0.5 mg 

it could induce clinical response and remission, while decreas-

ing fecal calprotectin.113 Further research is required.

SMAD7 antisense oligonucleotides are designed to 

lower intestinal SMAD7 and prevent the blocking of TGF-

β1 receptor, thus permitting its immunosuppressive effect. 

Mongersen (GED0301) is a synthetic single-stranded modi-

fied DNA oligonucleotide that in experimental colitis has 

shown an effect in reducing SMAD7 in the ileal and colonic 

mucosa. It can also interfere with the T-cell gut-homing 

mechanism. A first double-blind study on patients with active 

CD showed high rates of clinical response (reduction of a 

minimum of 100 CDAI points on day 28) after receiving a 

2-week regimen on a daily basis, 10 mg (37%), 40 mg (58%), 

or 160 mg (72%) vs placebo (17%). Such a promising new 

molecule definitely needs further study to extend its use as 

an objective inflammatory biomarker.114

Table 1 summarizes current and future biological thera-

pies, their stage of development and mechanism of action.

immune reconstitution – cellular therapy
There is a growing interest in using stem cell therapy in 

immune-mediated diseases, where immune reconstitution 

is needed. Both hematopoietic and mesenchymal stem cells 

(MSCs) have shown good results when they induced a long-

lasting clinical remission in severe cases of CD.115

Hematopoietic stem cell transplantation (HSCT) was suc-

cessfully used in refractory cases or when concomitant dis-

eases occurred (lymphoma). The theory was that Allo-HSCT 

might change the genetic predisposition, whereas auto-HSCT 

eliminated committed lymphocytes. Attempts of both types 

of transplantation were made in severe, complicated cases 

with remission rates ranging from 80% to 91%.116 In 2010, 

a prospective study was published, featuring 24 patients 

with anti-TNF refractory disease during a 5-year follow-up. 

The results were 91% remission at 1 year, 57% at 3 years, 

and 19% at 5 years, after the initial conditioning by cyclo-

phosphamide and granulocyte colony-stimulating factor.117 

Researchers hypothesize that a mutation in the IL10RB gene 

probably constitutes the genetic factor in these cases and that 

Table 1 Therapeutical targets for Crohn’s disease

Therapeutic class Name Development Mechanism of action

Microbial modifiers QBECO Site Specific Immunomodulator57 Phase i/ii vaccine for Escherichia coli
RHB-104 antibiotic58 Phase iii MAP
Rifaximin delayed release56 Phase iii Bacterial overgrowth

Adhesion molecules and  
leukocyte recruitment

Natalizumab63 Approved in USA Humanized, against α4 integrin
vedolizumab65 Approved in USA and eU Humanized, against α4β7 integrin
Abrilumab71 Phase ii Fully human, against α4β7 integrin
PF 00547,65973 Phase ii Fully human, against MAdCAM-1
vercirnon77,78 Phase iii Oral, CCR9 antagonist
BL-704081 Phase ii Oral, TLR-9 agonist
Firategrast72 Phase ii Oral, against α4β integrin
TRK-17072 Phase ii Oral, against α4β7, α4β1 integrin

Anti-TNF Infliximab54 Approved in USA and eU TNF receptor binding
Adalimumab54 Approved in USA and eU Humanized, TNF receptor binding
Certolizumab pegol54 Approved in USA Humanized, TNF receptor binding
Golimumab76 Approved for UC Fully human, TNF receptor binding
TNF-kinoids91 Phase i/ii Bind multiple TNF epitopes
HMPL-00472 Phase iii Lowers TNF and iL-1beta
Thalidomide92 Approved in USA Lowers TNF, iL-6 and iL-12

Anti iL-12/iL-23 via Th17 Ustekinumab100 Phase iii Human, inhibits p40 subunit
MeDi2070/AMG-181103 Phase ii inhibits iL-23/iL-23R
Bi 655066103 Phase ii inhibits p19 subunit
PF 04236921106 Phase i/ii Anti-iL-6 mAb
QAX576107 Phase ii Anti-iL-13 mAb
Vidofludimus72 Phase ii iL-17 release

Signaling pathways mediated  
by cytokines

Tofacitinib110 Phase iii inhibits JAK 1,2,3
GLPG0634112 Phase ii inhibits JAK1
Mongersen114 Phase ii SMAD7 antisense oligonucleotide
Masitinib72 Phase ii Tyrosine kinase receptor
Laquinimod113 Phase ii Unknown mechanism

Abbreviations: MAP, Mycobacterium avium paratuberculosis; CCR9, chemokine receptor type 9; iCAM-1, intercellular adhesion molecule-1; iL, interleukin; JAK, Janus kinase; 
mAb, monoclonal antibody; MAdCAM-1, mucosal addressin cell adhesion molecule-1; TNF, tumor necrosis factor; TLR, Toll-like receptor; UC, ulcerative colitis.
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HSCT (allogenic or autogenic) proves beneficial in highly 

selected cases.118

MSCs were tested, especially for fistulizing pattern 

diseases. The differentiation capacity of these cells facili-

tates the closure of the fistulas. Moreover, the immunosup-

pressive effect they have could also help in active luminal 

disease. Phase I studies evaluating autologous bone marrow 

derived MSC transfusion in a single dose are currently being 

conducted.119

Intravenous infusion of human placenta-derived cells 

(PDA001) has an immunosuppressive potential as shown 

by studies on humans and mice. PDA001 is a compound of 

mesenchymal-like adherent cells from postpartum placenta, 

which is currently used in clinical trials for the treatment-

resistant patients with CD. Preliminary results are comparable 

to other cellular therapies with CDAI response and remission 

induction.120

Intraperitoneal administration of autologus tolerogenic 

dendritic cells (tolDC’s) exhibits better results in experimen-

tal mice colitis. A Phase I pilot-study of Jauregui-Amezaga 

including only nine patients with refractory CD had modest, 

but positive results. Endoscopic findings improved markedly 

in three patients at week 12 and remission was achieved in 

one patient. Further analysis is required.121

Other possible therapies
Helminths therapies could have an impact through induc-

ing an intense immune regulatory circuit. Experimental 

infections have shown that nematode infections increase 

the number of dendritic cells, while rising IL-10 level in the 

intestine and can also shift the immune response toward a 

Th2 phenotype. In vitro and animal studies showed promising 

results but future testing is needed considering the disadvan-

tages of living with a parasitic infection.122

Granulocyte colony-stimulating factor promotes granu-

locytic and macrophagic differentiation from bone mar-

row precursor cells contributing to an immunoregulatory 

mechanism. In spite of the in vitro studies showing good 

results on tapering intestinal inflammation and promoting a 

normal intestinal epithelium, human studies failed to achieve 

their end points. Three randomized studies on 537 patients 

concluded that there was no significant difference in terms 

of clinical remission or 100-point clinical response.123

Immunoglobulin therapy (intravenous/subcutaneous) 

has shown effectiveness in some isolated refractory 

patients with CD, even though controlled trials are not 

available. Historically, intravenous immunoglobulins in 

high doses were used for cortico-resistant CD before the 

biologic therapies. Other advantages of this therapy include 

a very good safety profile, a clinical application for some 

extraintestinal manifestations, and the possibility of subcu-

taneous usage.124

Conclusion
The CD is a multifactorial disease in which genetic, environ-

mental, immunological, and microbial components shape its 

pathogenesis, without revealing the exact mechanism of onset. 

The genetic susceptibility is thought to interact with bacterial 

antigens, nutrients in the diet, and other types of epithelial inju-

ries by triggering an abnormal immune response. Microbial 

agents have emerged as compulsory factors in the pathogenesis 

of CD, suggesting that vaccine-type treatments and antibiotics 

would constitute a good therapeutic approach.

Current interest in CD management is guided toward 

eliminating inflammation and achieving endoscopic remis-

sion rather than focusing on clinical remission. Anti-TNF 

agents represent the most explored therapeutic line for almost 

20 years of clinical practice, leading to persistent remission 

in patients with CD. However, the failure of those molecules 

in certain cases, as well as the need for a lower infection risk, 

leaves room for the development of new therapeutic targets. 

Anti-adhesion molecules, such as VDZ, offer the advan-

tage of a gut-specific immune-modulation and improve the 

safety profile. Other biologic agents, such as ustekinumab, 

have proven clinical benefits, especially in patients who do 

not respond to anti-TNF therapy. Regarding the upcoming 

new molecules, anti-MAdCAM, anti-IL23 antibodies, and 

SMAD7 antisense oligonucleotides should be mentioned as 

promising. Nevertheless, clinical testing is compulsory since 

neither theoretical nor animal models may predict the human 

response, as shown in the previous studies.

For severe refractory CD, a new approach is cellular 

therapy, with good clinical results in a limited number of 

cases. Given the extensive research focusing on the immuno-

logical and molecular biology of the CD, the future medical 

approach is expected to change dramatically.
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