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Abstract
Fibrogenesis in inflammatory bowel diseases is a complex phenomenon aimed to mucosal repair. However, it may provoke intestinal fibrosis with the development of strictures which require surgery. Therefore, fibrogenesis may be considered as a “two-faced” appearing process when related to intestinal chronic inflammation. Many type of cells may be converted into the fibrogenic phenotype at different levels of intestinal wall. A complex interaction of cytokines, adhesion molecules and growth factors are involved in the process. Our experience was focused on tumor necrosis factor alpha (the main cytokine of inflammatory bowel diseases) and the link between syndecan 1 (heparan sulphate adhesion molecule) and basic fibroblast growth factor (a strong stimulator of collagen synthesis). We describe a possible molecular pattern for mucosal healing as well as how its dysregulation could be involved in fibrotic complication of Crohn’s disease. A final clinical suggestion is to perform an accurate evaluation of the presence of fibrotic strictures before starting an anti-tumor necrosis alpha treatment, which could worsen the lesion.
Key words: fibrogenesis, fibrosis, tumor necrosis factor alpha, syndecan 1, basic fibroblast growth factor, cellular fibrogenic phenotype, inflammatory bowel diseases

Coretip

The present minireview reports an outline of the mechanisms of fibrogenesis in inflammatory bowel diseases. Potential fibrogenetic cells and their characterization are detailed. Our experience about a possible molecular mechanism of mucosal healing is described. The modalities how a dysregulation of this molecular pattern may lead to fibrotic strictures in Crohn’s disease is additionally illustrated. Finally, possible clinical implications are suggested.
Introductive Remarks
Crohn’s disease (CD) and ulcerative colitis (UC) are immunologically mediated disorders of gastrointestinal tract where inflammation and damage are the main findings. Fibrosis may be a complication of both processes occurring more frequently in CD and often requiring a surgical treatment for the development of stenosis and consequent intestinal occlusion. However, fibrogenesis is a phenomenon strongly involved in mucosal repair 1 and, therefore, fibrotic complication of the disorders is paradoxically deeply linked to a phenomenon aimed to restore a damaged mucosa.

On these bases, a better understanding of the modalities of the evolution of fibrogenesis into fibrosis, i. e. how fibrosis differs from normal tissue repair as well as the identification of cellular mediators for testing possible therapies are intriguing emerging concepts.

Cellular basis of fibrosis

Fibrosis in CD can be viewed as an extreme healing response to injury. This model predicts that injury causes initial activation of normal intestinal mesenchymal cells to a “fibrogenic” phenotype 2,3 that are characterized by an increased ability of extracellular matrix (ECM) synthesis. Following acute injury, however, normal intestinal architecture is restored because post-transcriptional and post-translational mechanisms prevent the accumulation of ECM while fibrogenic cells are eliminated. In contrast, in fibrosis mechanisms to degrade ECM are not operative at appropriate levels and fibrogenic cells are not only maintained but are expanded in number. Mechanisms regulating these effects are unknown but may include factors associated with CD, such as cytokines or transmural inflammation.

The normal intestine has a large, heterogeneous population of mesenchymal cells, some of which synthesize significant amounts of collagen. These cells could be considered to have a fibrogenic phenotype and are mainly constituted by fibroblasts and smooth muscle cells or myofibroblasts on the basis of their immunostaining properties with antibodies to vimentin (V) and alpha- smooth muscle actin (SMA) 2,3.

Fibroblasts are V+/A-, while smooth muscle cells are V-/A+ and predominate in the normal muscularis mucosa and muscularis propria. Subepithelial myofibroblasts (SEMF) with V+/A+ phenotype are found adjacent to epithelial cells. However, some of them that share common features with V+/A+  myofibroblasts do not express alpha but gamma-SMA 2,3. 
Interstitial cells of Cajal (ICC) represent a myofibroblast-related subtype specific of the intestine. They are located between enteric smooth muscle layers with the aim of regulating gut motility. The c-kit receptor, which binds the protooncogene stem cell or steel factor, is a marker of cells of Cajal. Recent studies suggest that these elements in normal human intestine also express vimentin, but not alpha-SMA. It has been supposed that ICC could transform into a collagen-expressing fibroblast or myofibroblast phenotype. Another possibility is that ICC are destroyed during fibrosis and replaced by cells with a fibroblast phenotype 2,3.

Inflammatory cells that infiltrate the gut in UC and CD include macrophages, lymphocytes, and plasma cells. These may have important interactions with mesenchymal cells and thereby impact fibrosis 4,5.

In normal intestine, SEMF and fibroblasts found in submucosa, serosa, and intermuscular connective tissue

are the primary sites of expression of collagen mRNA and protein. In UC, collagen mRNA expression is upregulated in SEMF, suggesting that chronic inflammation further increases the activity of fibrogenic cells.

Recent studies in fibrotic intestine from CD patients indicate that V+/A- or V+/A+ fibroblasts and myofibroblasts are the major sites of increased collagen mRNA expression and collagen deposition 6.

Molecular mechanisms of fibrogenesis

Cytokines represent a heterogeneous class of secretory proteins produced by several types of cells. For some of them, they act as growth factors, for others as regulators of cellular division and finally cytokines may paradoxically trigger mechanisms which mediate cell death. All these effects occur through a regulation of immune system and inflammation, so that cytokines are currently divided into pro and anti-inflammatory. The main cytokine involved in the pathogenesis of both UC and CD is the tumor necrosis factor alpha (TNF alpha) 7,8. The sites of TNF alpha production are represented by mononuclear fagocytes, antigen activated T-lymphocytes, activated mastcells and natural killer cells. Conventional stimulators of TNF alpha production are the lipopolysaccharide of Gram negative bacteria cellular wall, since it represents the main mediator of host response to these organisms. However, TNF alpha may be seen with a two-faced appearance: showing on one side a beautiful girl and the other an old witch, since it is able to trigger a closed circle in which starting from the damage of a tissue it generates an inflammatory response that exacerbates the damage itself; moreover, increasing doses of TNF alpha may have a lethal effect. Nevertheless, TNF alpha plays a key role in the maintenance of tuberculous granuloma allowing Koch’s bacilli to "be walled alive" and thus preventing their spread in the body of an infected person (miliary tuberculosis) 9.
Cell Adhesion Molecules (CAMs) are proteins located on the cell surface involved in binding with other cells or with the extracellular matrix (ECM). Essentially, cell adhesion molecules help cell join to each other and to their surroundings. These proteins are typically transmembrane receptors and are composed of three domains: an intracellular domain that interacts with the cytoskeleton, a transmembrane domain, and an extracellular domain that interacts either with other CAMs of the same kind (homophilic binding) or with other CAMs or the extracellular matrix (heterophilic binding) 10. A subtype of adhesion molecules containing heparan sulphate (syndecan family) are chemically proteo-glycans and play a significant role in tissue repair 11. At intestinal level, syndecan 1 is located in the basolateral region of columnar epithelium 12 and is a relevant factor for inflammatory bowel diseases (IBD) damage reversal 13-14. Indeed, in inflamed mucosa, their location is mainly found in the cells of the stroma and apical epithelium, where it is presumable that the repair of ulcerative lesions may occur.
Basic fibroblast growth factor (bFGF) is a member of the fibroblast growth factor family 15, comprising at least 22 factors with pleiotropic functions 16. It is  a peptide able to repair ulcerative lesions because of its capacity of binding epithelial and stromal cells. In normal tissue, basic fibroblast growth factor is present in basement membranes and in the subendothelial extracellular matrix of blood vessels. It stays membrane-bound as long as there is no signal peptide when it acts as a potent angiogenic factor in patho-physiological processes that include wound healing and tissue repair 17-20. The bFGF has been shown to promote proliferation of endothelial cells, to increase the number of fibroblasts and myofibroblasts and to activate these fibroblasts. The induction of collagen secretion from CD and UC fibroblasts by bFGF may be one of the mechanisms relevant to the stromal processes of the disease, including transmural fibrosis and stricture formation, as well as tissue repair and healing.
Klagsburn and Baird 21 suggested that heparan sulphate proteoglycans (and, therefore, syndecan 1) change bFGF morphology and modulate the structure of its receptors, allowing its binding to the cells dedicated to the repair process, such as these located at the margins of an ulcerative lesion 22,23. bFGF, when not activated by syndecan 1, is destroyed by luminal and circulating proteases, which may be activated by TNF alpha, thus inducing the failure of tissue restoration.
Molecular mechanisms in mucosal healing and strictures: our experience

Our previous investigations 24 found that a decrease of TNF alpha induced by anti-TNF alpha (infliximab) treatment is accompanied by a decrease in both syndecan 1 and bFGF when mucosal healing occurs. A possible explanation is that infliximab therapy may downregulate, by a marked reduction of TNF alpha mucosal levels, bFGF/syndecan 1 link. This molecular profile could represent a pathway of mucosal healing. However, the parallel trend of TNF alpha, syndecan 1 and bFGF could be only a simultaneous consequence of the control of inflammation. Furthermore, in order to dispel this doubtful hypothesis, we experienced the ‘timing’ of TNF alpha decrease and bFGF/syndecan 1 reversal to normal levels and sites in cultured biopsy samples taken from patients with both CD and UC and incubated in a medium containing an amount of infliximab similar to that reached in the serum of treated patients. After 24 hours we assayed TNF alpha, syndecan 1 and bFGF in tissue homogenates. The final finding was that TNF alpha decreased, while syndecan 1 and bFGF levels were still high when evaluated by both molecular method (reverse transcriptase real time polymerase chain reaction) and immunohistochemistry 25. This last finding supports our primary hypothesis that mucosal TNF alpha reset, induced by biological drug, is followed by a mucosal restoration in which syndecan 1 modulates the strong reparative bFGF aptitudes. Finally, in healed mucosa, cytokine, adhesion molecule and growth factor re-establish their normal pattern.
In a further study, we investigated the pattern of TNF alpha, syndecan 1 and bFGF in patients with Crohn’s disease complicated by fibrotic stenosis undergoing surgical resection 26. We observed that TNF alpha mucosal levels were not significantly increased. A possible explanation of this finding may be that an overgrowth of fibrotic tissue may be a successive stage after inflammation, where TNF alpha raise is the peculiar aspect. Therefore, at the stage of fibrotic stenosis requiring surgery, inflammatory mucosal changes may be an unrelevant phenomenon in most patients. Syndecan 1 levels were increased with a pattern similar to what observed in damaged tissues. It is presumable that the molecule location, despite limited to mucosal layer, reflects an attempt of bFGF modulation. However, this function cannot effectively be carried out for bFGF overexpression and  location along the whole intestinal wall, i. e. outside the district in which syndecan 1 could operate 12. Indeed, bFGF overexpression enclosed all intestinal wall layers being expressed in epithelium, stroms, muscularis propria and endothelium. It is possible that:

a. the low levels of TNF alpha may provoke a failure in cytokine induced bFGF proteolysis; 
b. the presence of syndecan 1 is limited to the mucosal layer with a consequent very partial regulation of bFGF binding to specific receptors dedicated to tissue repair;
c. an irreversible transformation of different type of cells into the fibrogenetic phenotype occurs, thus provoking the prevalence of fibrotic on inflammatory stenotic lesions 27. 
In strictures it is possible that the exceeding of extracellular matrix cannot be inhibited by the regulatory mechanisms of the phenomenon according to what hypothesized by Pucilowska et al 27.
Final remarks

Fibrogenesis in inflammatory bowel diseases is a phenomenon aimed to tissue repair. Many cellular types are involved in this process and cytokines, adhesion molecules and growth factors interact to reach mucosal repair. A dysregulation of healing molecular pathway could progress towards fibrosis with stenotic complications often requiring surgical therapy 28,29.
A final speculative clinical consideration may be the need of an accurate evaluation 30 in the case of stenosis in the course of Crohn’s disease using all diagnostic available tools (histology, ultrasonography 31 with Doppler evaluation of resistance index, Magnetic Resonance 32, Computed Tomo-enterography 33, biochemical indices of inflammation 34,35) in order to distinguish inflammatory from fibrotic stenosis. This could allow addressing anti-TNF alpha therapy 36 only to the first case avoiding that the cytokine decrease may be a factor supporting the fibrotic complication more than mucosal healing.
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