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The aetiology of Crohn’s disease (CD) remains unknown, although it is generally accepted that CD results from a combination of dysfunctional immune responses on a background of susceptible genetics and environmental factors. Until recently, NOD2 (nucleotide-binding oligomerization domain-containing protein 2) was the only gene associated with CD susceptibility encoding for an intracellular receptor that recognised muramyl dipeptide (MDP), a component of bacterial cell walls (Nature 2001;411:599-603 and 411:603-607). The subsequent use of genome wide association studies (GWAS) have substantially increased the number of CD genetic risk loci including ATG16L implicating defective autophagy, a process required for the degradation of cell organelles and intracellular microorganisms, in the aetiology of CD (Nat Genet 2007;39:207-211). Since then mechanistic studies have implicated defective handling of luminal bacterial in the pathogenesis of CD. This is highlighted by studies that have investigated an autophagy-dependent antibacterial pathway in response to MDP requiring NOD2 and ATG16L1 interactions. CD-associated mutations in these genes results in impaired MDP autophagy mediated killing of intracellular bacteria in intestinal epithelial cells (Gastroenterology 2010;139:1630-1641). However, despite successes, translating these findings to impact on CD treatments has proven more difficult. 
In the current study, the authors investigate how NOD2/ATG16L1 variants in patients with CD may affect the efficacy of anti-TNF antibody therapies. This was based on the authors previously observations that patients with CD and variants of NOD2 respond inappropriately to bacterial genomic fragments (bactDNA) in the blood (Inflamm Bowel Dis 2011;17:1641-1650). The latter is likely to be a marker of bacterial translocation from the gut to the systemic circulation.
The authors recruited a cohort of patients with an established diagnosis of CD (n = 179) who were followed up for 6 months, and a separate cohort of unmatched controls (n=25). At recruitment blood samples were taken to determine the NOD2/ATG16L1 genotype and bactDNA distribution in the patients with CD. There was no difference in the distribution of NOD2 and ATG16L1 wildtype (wt) and variant (var) genotypes between patients with active (Crohn’s disease activity index>150) and remitting disease (Crohn’s disease activity index <150). 
51 of the 179 (28.5%) patients with CD had bactDNA in their blood samples. BactDNA was absent in the blood of controls. A higher proportion of the CD patients with active disease (44.2%) had bactDNA than those with remitting disease (23.5%) (p=0.01). Bacterial DNA of Staphyloccus aureus, Klebsiella pneumonia, Streptococcus pneumonia and Enterococcus faecalis was identified. Using a multivariate analysis the presence of bactDNA was significantly and independently related to CD activity (OR=7.4, 95% CI=1.69-32.60, p=0.008). BactDNA was also the only independent factor associated with clinical relapse of CD at 6 months (OR=5.1, 95% CI=1.7-14.9, p=0.003). However, whilst single and double gene variants for NOD2 and ATG16L1 were significantly associated with the presence of bactDNA (varNOD2/wtATG16L1 OR=4.8, 95% CI=1.1-13.3, p=0.03; wtNOD2/varATG16L1 OR=2.4, 95% CI=1.46-4.5, p=0.05, varNOD2/varATG16L1 OR=12.7, 95% CI=4.2-37.8, p=0.001) neither gene variant was directly associated with CD activity (p=0.19). Together these results suggest that NOD2 and ATG16L variants may influence CD indirectly via their effects on the immune response against bacteria.
To determine whether NOD2/ATG16L1 genotypes and the presence of bactDNA in the serum of patients with CD affected immune responses, serum TNF, IFN- and IL-12 were measured. Irrespective of genotype, the presence of bactDNA in patients with CD lead to a significant increase in all cytokines measured compared to those without bactDNA (p<0.01). CD patients with bactDNA and a varNOD2 genotype, either in isolation or combined with the varATG16L1 genotype, showed a further statistically significant increase in serum cytokine levels compared with wtNOD2 genotype subgroups (p<0.01). Double variant NOD2/ATG16L1 genotypes and the presence of bactDNA led to the highest serum cytokine levels. Yet despite the excess secretion of pro-inflammatory cytokines, neutrophils from patients with CD and varNOD2/wtATG16L1 or varNOD2/varATG16L1 genotypes had significantly decreased phagocytic activity of fluorochrome labelled E. coli. Similarly, the bactericidal activities of neutrophils in the same genotypes were significantly reduced. These differences were not a consequence of any on-going treatments for CD as decreased phagocytic and bactericidal activities were observed in healthy controls with the same genotypes. Together these data show that CD patients have impaired innate immune responses against bacteria despite increased cytokine responses.
Given the elevated amounts of TNF secreted by CD patients with varNOD2/wtATG16L1 or varNOD2/varATG16L1 genotypes in the presence of bactDNA, the authors evaluated the impact of this on anti-TNF therapy. 52 of the 179 patients were on anti-TNF therapy at recruitment. A higher percentage of those with varNOD2/wtATG16L1, or varNOD2/varATG16L1 genotypes, were noted to be receiving an intensified schedule of anti-TNF i.e. an increased dose/increased frequency. Similarly, a higher percentage of those on anti-TNF treatment with bactDNA present were on an intensified anti-TNF regime compared to those without bactDNA. However, neither of these findings were statistically significant. Yet in those without antibodies against anti-TNF, serum free anti-TNF levels were significantly reduced in those with varNOD2/wtATG16L1 and varNOD2/varATG16L1 genotypes when compared with their respective wtNOD2 subgroup (p<0.01). This was despite an increased number of these patients having an intensified region of anti-TNF. The presence of bactDNA further decreased the levels of free serum anti-TNF. The authors speculate that the reduced serum concentration of free anti-TNF was due to an increased rate of the consumption of the free antibody by the increased rate of TNF secretion in patients with bactDNA and variant NOD2.
Finally, in vitro assays were used to further assess the lower serum free anti-TNF levels observed in the varNOD2/wtATG16L1 and varNOD2/varATG16L1 genotypes. Prior to anti-TNF infusion (trough levels), neutrophils isolated from genotype-stratified subgroups of patients without the presence of bactDNA were stimulated with E. coli DNA. After 24 hours, levels of TNF in the cells’ supernatant were significantly increased in subgroups with varNOD2 compared to wtNOD2 (p<0.01). The addition of anti-TNF led to significant reductions in the concentrations of TNF supernatant in all subgroups with a wtNOD2. However, concentrations of TNF in the supernatants from varNOD2 genotypes, either alone or in combination with varATG16L1, after the addition of anti-TNF were not reduced. In contrast there was a reduction in free anti-TNF antibody levels were lowered suggesting that the high levels of TNF were consuming the anti-TNF antibodies.
In summary, this study reports that the genotype varNOD2, isolated or in combination with varATG16L1 are independent risk factors for bacterial translocation in patients with CD. Bacterial translocation is associated with disease activity and is a significant risk factor for relapse. The NOD2 variant is associated with increased TNF levels in response to bactDNA. Patients with these genotypes also have impaired neutrophil phagocytic and bactericidal activities. When treated with anti-TNF agents patients with bactDNA have significantly decreased levels of serum free anti-TNF due to increased rates of antibody consumption. This has implications for the subgroup of CD with bactDNA who are at increased risk of relapse and are likely to require high dose or more frequent treatment with anti when treated with anti-TNF agents.

Discussion
This paper gives further support to loss of intestinal barrier function playing a crucial role in the pathogenesis of CD. The intestinal barrier comprises a number of components all of which can be defective in CD.  The intestinal epithelial forms a physical barrier against the entry of microbes, antigens and toxins. The tight junctions between the epithelial cells are the rate limiting junctional complexes between epithelial cells limiting entry of the luminal complex into the paracellular space. The tight junction is now known to be a regulated structure whose permeability via phosphorylation of myosin light chain kinase can be regulated by inflammatory cytokines including TNF, glucose and bacteria such as Escherichia coli. (Gastroenterology 1997;113:1873-82, Am. J. Physiol. 1997;273:C1378-85, Gastroenterology 1998;114: 657–668, Annu. Rev. Physiol. 2011;73:283-309). 
Epithelial loss and ulceration obviously leads to barrier loss so it has long been debated whether barrier loss is causal in disease pathogenesis or merely a consequence of inflammatory epithelial damage. Mice expressing a constitutively active myosin light chain kinase rendering the tight junctions in a permanently open state, develop a more rapid and severe inflammation together with an exaggerated cytokine response in the T cell adoptive transfer model of murine colitis than normal mouse littermates. (Gastroenterology 2009;136:551-556). Conversely mice lacking myosin light chain kinase have a less severe colitis in the adoptive T cell transfer model (Gastroenterology 2009;136:A81).
Another element of the intestinal epithelial barrier arises as a result of the high flux of epithelial cells which migrate from stem cells at the base of the crypt to villus tip in the small intestine or epithelial surface in the colon from where they are shed. Barrier function is maintained at sites of cell shedding the healthy gut by a redistribution of tight junction proteins into the gap in the epithelium left by the shedding cell (Am J Physiol 2011;300:C1404-14). When challenged by TNF the shedding rate increases and the barrier starts to fail at shedding sites (Gastroenterology 2007;133:1769-78). Localised barrier loss at sites of cell shedding can be observed in humans by confocal endomicroscopy (Gut 2012;61:1146-1153). Crucially, barrier loss and increased cell shedding in patients with CD in remission predicts relapse compared to patients whose confocal endoscopy shows an intact barrier without increased shedding (Gut 2012;61:1146-1153). This correlation between shedding, barrier loss and subsequent relapse of CD suggests that barrier loss in causal in the development of active disease.
In addition to the physical epithelial barrier Paneth cells secrete defensins which are antimicrobial cysteine-rich cationic proteins. Paneth cells are lost in CD through a cell death mechanism called necroptosis leading to reduced secretion of both alpha and beta defensin (Nature 2011;447:335-9, J Intern Med 2012;271:421-8). This tips the balance away from host defence and in favour microbial invasion.
The current study lends further support to hypothesis that barrier and bacterial invasion plays a causal role in CD. Bacterial DNA translocation from the gut to the systemic circulation is directly associated with disease activity and the risk of relapse. Furthermore genetic variants of NOD2 and ATG16L are independent risk factors for the translocation of bacterial DNA. Thus this study provides new mechanistic information of how intestinal barrier loss plays a causal role in the pathophysiology of CD.
The observation that bacterial DNA in the systemic circulation correlates with disease activity and risk of relapse suggests that it might be possible to treat CD with antibiotics. Metronidazole and ciprofloxacin are a well established treatments for perianal CD (Inflamm Bowel Dis 2009;15:17-24). Metronidazole treatment (20mg/kg) for 3 months reduces short-term relapse of anastomic recurrence after surgical resection (Gastroenterology 1995;108:1617-21).  A recent meta-analysis of 6 randomised placebo-controlled trials of broad-spectrum antibiotics in the treatment of CD showed antibiotics to be superior to placebo (OR 2.26, CI 1.7 – 3.0, P<0.001) (Clin Ther 2006;28:1983-88). Interpretation of these studies is difficult as there is considerable heterogeneity in study design and end-points between these studies (Dig Dis 2012;30:358-67). The current study adds a further support for the rationale for the treatment of CD with antibiotics. Together these studies suggest that antibiotic therapy is weakly effective in CD and that the targets for the antibiotic therapy needs to be more clearly defined and the choice of antibiotic refined with further large randomized controlled clinical trials. The observation in the current study of Staphyloccus aureus, Klebsiella pneumonia and Streptococcus pneumonia suggests that the GI tract may not be the only source of systemic circulating bacteria in CD.
Currently, clinicians are unable to accurately predict the behaviour of CD in an individual. Previous studies have focused on identifying clinical parameters, biomarkers and environmental factors as predictors of CD relapse. These include young age at diagnosis, an early need for steroids, perianal involvement (Gastroenterology 2006;130:650-65), use of non-steroidal anti-inflammatory drugs (Clin Gastroenterol Hepatol 2006;4:196-202), faecal calprotectin (Gastroenterology. 2000;119:15-22) oestrogen use and smoking (Gastroenterology 1998;114:1143-50), all of which are associated with the relapse of CD. Unfortunately, these lack specificity limiting clinical usefulness. Similarly, with the large number of genetic risk loci for CD, susceptibility genes associated with the development of CD have also been investigated as factors predicting the relapse of CD (J Clin Invest. 2011;121:4170-9). Some such as the NOD2 polymorphism have been associated with a more aggressive clinical course of CD (Gastroenterology 2002;122:2091-92) but none have been linked with the relapse of CD. It is unlikely that genetic markers in isolation will be able to fully predict the relapsing nature of CD given the major influence of non-genetic variables. However, in combination with other variables it may be possible to develop such predictive tools and models. In support of this the multivariate analysis by Gutiérrez and colleagues observed that bactDNA translocation was an independent risk factor for the relapse of CD and that NOD2 and ATG16L1 variants in a subgroup of patients appeared to facilitate bactDNA translocation. 
In randomized controlled trials between 30-40% of responders to anti-TNF experience a relapse of their symptoms and are unable to maintain clinical response to anti-TNF treatment after 1 year (Gastroenterology 2007;132:52-65). The mechanisms behind this poorly understood but increasing the frequency and/or dose of anti-TNF agents (dose escalation) can restore clinical response (J Clin Gastroenterol. 2011;45:113-18, Gut 2007;56:1232-39). In an effort to determine predictors of dose escalation studies have identified age, male gender, non-colonic CD, extra-intestinal manifestations, family history of CD and smoking as clinical parameters that positively predict the need for anti-TNF dose escalation (Inflamm Bowel Dis 2012;18:10–16, Inflamm Bowel Dis 2012;18:685-90). The use of these parameters in a clinical setting has been limited by conflicting results from other studies and low specificity. In some patients loss of response to anti-TNF has been attributed to the development of antibodies against anti-TNF agents (N Engl J Med. 2003;348:601-8) or autoantibodies (Gastroenterology 2003;125:32-39). These may exert their effects via neutralisation and enhanced clearance of anti-TNF although the underlying mechanisms are poorly understood and the predictive potential requires large scale clinical studies. Gutiérrez and colleagues findings’ that those with CD and NOD2/ATG16L1 genotype variants secrete higher levels of TNF and have lower free anti-TNF levels after anti-TNF treatment are intriguing. This increased TNF appears to be in response to bacterial DNA stimuli as suggested by in vitro experiments. Excess secretion of TNF leading to consumption of anti-TNFagents abrogating the effects of anti-TNFis supported by other studies reporting that undetectable serum trough concentrations of anti-TNF agents (Clin Gastroenterol Hepatol 2006;4:1248-54) and decreased free TNF binding capacity of anti-TNF agents (Am J Gastroenterol 2008;103:944-48) predict poorer responses to anti-TNF agents. 
[bookmark: _GoBack]In conclusion this important study links NOD2 and ATG16L variants, loss of barrier function and circulating systemic bacteria with response to anti-TNF agents. It highlights the important pharmacologic point that high circulating TNFwill reduce the efficacy of therapeutic anti-TNF antibodies by binding and reducing levels of free anti-TNF antibodies. Further understanding of the relationship between genotype, bacterial entry and immune response will enable a more rational approach to the therapy of CD with anti-TNF and other biological therapies.
