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Treatment of IBD with genetically engineered bacteria
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An exciting new approach to the treatment of Inflammatory Bowel Disease (IBD) is to use commensal human bacteria as a means of drug delivery. In this paper a team led by Simon Carding have genetically modified a human commensal anaerobic bacterium Bacteroides Ovatus to produce human Keratinocyte Growth Factor-2 (KGF-2) under the control of the Bacteroides xylanase promoter. This strategy gives important advantages in terms of efficacy and safety as KGF-2 will only be generated in the presence of the dietary plant polysaccharide, xylan. An additional feature of this strategy is that B Ovatus only proliferates in an anaerobic environment, hence its localization to the mucin layer coating the colonic mucosa. These combined features provide excellent control of where and when KGF-2 is produced. Growth factor delivery will only occur in the presence of exogenous xylan and will be targeted to the apical surface of the intestinal epithelium. 

The authors were able to show that this genetically engineered organism only produces significant quantities of KGF-2 in the presence of 0.05% xylan. In order to achieve this concentration, dietary supplementation with xylan was required. In vitro experiments demonstrated that concentrations of xylan above 0.5% have a suppressive effect on the xylanase operon promoter. It would therefore be anticipated that if excessive consumption of xylan were to occur, it would result in diminished KGF-2 expression, rather than push cytokine levels higher. Epithelial cell proliferation studies showed that the KGF-2 was biologically active and its proliferative effects could be blocked with KGF-2 antibodies. Mice on a diet containing 30mg/ml xylan had significant concentrations of KGF-2 of up to 16ng/ml in the colonic washout following gavage with the engineered B Ovatus. An important built-in biosafety feature is the toxicity of oxygen to the organism. In the presence of environmental oxygen 50% of the B. Ovatus were lost after 24 hours and less than 5% survived to 96 hours. Administration of 2x108 CFU of bacteria in a single dose by oral-gavage resulted in high levels of bacteria in the stools 24 hours later that fell to zero at 48 hours. Thus the risk of inadvertent secretion of bacteria after therapy is minimized.

The authors then tested the therapeutic potential of the engineered B. Ovatus in the Dextran Sulphate mouse model of colitis. Gavage of KGF-2 secreting B Ovatus together with dietary xylan significantly reduced weight loss, disease activity scores and preserved colonic length. KGF-2 BO + xylan was as effective as daily doses of 3g/g dexamethasone in the suppression of inflammatory infiltrates, epithelial damage and reduction of TNF-, Il-1 and IL-6. Furthermore KGF-2 BO + xylan promoted mucosal healing as epithelial proliferation and goblet cell number was increased. Finally the authors demonstrated that KFG-2 BO + xylan also partially prevents the development of DSS colitis in terms of weight loss, disease score and inflammatory cytokines when administered at the inception of DSS treatment.
Comments 
There is overwhelming evidence that the populations of bacteria with the gut, termed gut microbiota, play a pathogenic role in Inflammatory Bowel Disease (IBD). Antibacterial agents have been used to treat Crohn’s disease (Clin Infect Dis 2010;50:473-800). Most rodent models of IBD are dependent on the presence of gut flora. It is also recognized that inflammation can be reduced by diversion of the fecal flow away from the inflamed segment of intestine. Studies on the mechanisms of pathogenesis in IBD have therefore focused on defects in bacterial recognition and processing in the gut mucosa and also on defects in gut barrier function. Recent human studies have demonstrated reduced production of antibacterial α-defensin proteins (J Immunol 2007;179:3109-18) and defective phagocyte function in Crohn’s disease (PLOS One 2009; 4(11):e7787). Genetic risk factors for small bowel Crohn’s disease include polymorphisms of NOD2, a receptor for bacterial muramyl dipeptide, and ATG16L and IRGM, autophagy proteins important in bacterial handling and the processing of antigens for presentation to the immune system (Nature Medicine 2010 Jan;16(1):90-7). Furthermore, associations between polymorphisms in genes responsible for intestinal barrier function (hepatocyte nuclear factor 4, E-cadherin and laminin 1) and ulcerative colitis (Nature Genetics 2009;41:1330–4) lend strong support to a pathogenic mechanism involving the entry of luminal bacteria into the mucosa leading to inappropriate inflammation.

Nevertheless not all gut bacteria are harmful as some species of non-pathogenic bacteria may have beneficial effects in IBD. Depletion of the common commensal Faecalibacterium prausnitzii has been observed in IBD (Gut 2006;55:205-11) and low numbers of F. prausnitzii in ileal mucosa at the time of surgical resection for Crohn’s disease have been associated with an increased endoscopic recurrence 6 months after surgery (PNAS 2008;105:16731-6). Administration of probiotic bacteria has modest beneficial effects in prevention of relapse particularly in pouchitis and ulcerative colitis. However mechanisms of action are in general not understood but are likely to involve alteration of the balance of species within the gut microbiota and the secretion of bioactive compounds such as Bacteriocins (PNAS 2007;104:7617-21). A striking example of the potential therapeutic effects of specific bacteria is Lactobacillus rhamnosus which secretes two proteins, p40 and p75, that activate Akt, PKC and MAP kinase pathways to inhibit epithelial apoptosis and restore barrier function (Gastroenterology 2007;132:562-75; Am J Physiol 2008;294:G1060-69).

There is precedence for the use of growth factors in the treatment of IBD. Epidermal growth factor delivered in enemas can treat left-sided ulcerative colitis (NEJM 2003;349:350-7) and basic fibroblast growth factor is effective in a mouse model of IBD (Gastroenterology 2005;128:975-86). The growth factor chosen for this study was KGF-2 which is a fibroblast-derived member of the Fibroblast Growth Factor family (Pharmacol Exp Ther 1999;290:464-71). KGF-2 is known to induce proliferation of epidermal cells in vitro (Cell Biol Int 1995;19:399–411, J Biol Chem 1997;272:23191–23194) and to be upregulated in vivo during wound healing (Gene 1997;197:399–404, Cytokine Growth Factor Rev 1998;9:153–165). It is apparent that KGF plays an important role in gastrointestinal mucosa epithelial repair. KGF expression is increased in IBD and levels correlate with the degree of histological inflammation and interleukin-1β expression (Am J Pathol 1996;149:521-9; Am J Pathol 1997:151:1469-76). 

Disruption of mucosal barrier integrity is an important feature of the pathogenesis of IBD (Inflamm Bowel Dis 2006;12:1068-83, Gut 2009;58:41-8, Gastroenterology 2009;136:551-6). Delivery of adequate doses of KGF-2 to gastrointestinal mucosa could therefore be expected to play a role in reinstating the mucosal barrier function with a potential for therapeutic effect. Pre-clinical studies indicate that KGF-1 and KGF-2 can ameliorate 2,4,6-trinitrobenzenesulfonic acid and dextran sodium sulfate-induced colitis in murine models of colitis (Gastroenterology 1996;110:1077–1083, Dig Dis Sci 1999;44:836-44, Pharmacol Exp Ther 1999;290:464-71). Based on the doses of KGF-2 reported in these pre-clinical studies, Sandborn et al. used standard scaling factors for body surface area to calculate the expected effective IV dose in humans with ulcerative colitis (Aliment Pharmacol Ther 2003;17:1355-64). It was estimated that the effective dose would fall into the range 25-75 µg/kg. A double-blind dose escalation trial of KGF-2 was conducted in 88 patients with active, treatment refractory ulcerative colitis. Although well tolerated, doses of between 1-50µg/kg failed to demonstrate efficacy for active UC. It was postulated that one potential reason for treatment failure was an inadequate pharmacologic exposure of the target tissue. The novel local microorganism-based delivery system outlined by Hamady et al. may be able to overcome the challenge of achieving adequate target tissue concentrations. Furthermore, difficulties encountered with the tolerability and specificity of high dose oral growth factor therapy when administrated systemically or the stability orally administered growth factors in the acid and protease rich environment of upper GI tract are avoided.

Debates amoungst the general public about genetically modified (GM) foods often focus on fears over the transfer and containment of the transgene. It has been suggested that public perception of the safety of GM foods may negatively influence policy makers and deter investment in medical technology that uses genetically modified organisms (Expert Opin Drug Delivery 2005;2:737-746). It is reassuring that detailed in vivo study of lateral gene transfer of chromosomally located genes between bacteria has suggested that gene transfer between gut microbiota is unlikely (Environ. Biosafety Res 2004;2:173-180).  Further, a phase I trial in humans of Lactococcus lactis modified to express interleukin-10 for treatment for Crohn’s disease demonstrated adequate containment of the transgene (Clin Gastroenterol Hepatol 2006;4:754-9). The use of an oxygen-sensitive organism in the study by Hamady et al. increases the biosafety of this protein-delivery system. Nonetheless, although no safety concerns were raised in the Hamady study, caution will be required when KGF-2 secreting B Ovatus is tested in humans as probiotic bacteria have in other contexts been associated with poor outcomes (Lancet 2008;371:651-9).
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