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Chapter 21
What Distinguishes Mechanisms  
of Fistula and Stricture Formation

Michael Scharl

Abstract Wound healing is a common process in the intestinal tract, in particular 
during chronic intestinal inflammation. Recent studies suggested a so-called regen-
erative inflammation that plays a crucial role for the regeneration of injured tissue. 
While this self-limiting acute inflammation protects the tissue, an overwhelming 
and chronic ongoing inflammatory process might lead to development of fibrosis or 
even cancer. Intestinal fibrosis and the resulting strictures represent, in addition to 
fistulas, frequent complications in IBD patients. To date, treatment options for fistu-
las and strictures are limited and no preventive treatment for intestinal fibrosis and 
stricture formation has been approved. As a result, irreparable organ damage and 
surgery is a frequent event in IBD patients. The onset of fibrosis often precedes 
fistula formation in the intestinal tract suggesting a pathophysiological connection 
between both of the processes. Nevertheless, our understanding of the pathogenetic 
mechanisms underlying intestinal fibrosis and fistula development is limited. An 
involvement of epithelial-to-mesenchymal transition (EMT) has been demonstrated 
for both, intestinal fibrosis as well as fistula development. It is anticipated that fistu-
las and fibrosis may result from chronic and severe intestinal inflammation and 
deregulated wound healing mechanisms. However, current knowledge also demon-
strates fundamental differences between fibrosis and fistula development. Taken 
together, further research efforts are clearly required to gain a better understanding 
of the complex pathophysiology of fistula and intestinal fibrosis development. This 
would finally help to foster the development of novel treatment options for those 
intestinal complications.
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21.1  Introduction

Tissue remodeling and wound healing are crucial mechanisms how the body reacts 
to cell and tissue damage. This damage occurs continuously during a lifetime and is 
caused by infectious, toxic, neoplastic or immune-mediated events. Depending on 
the affected organ system, the reacting cell types, the duration, type and intensity of 
the damaging event the ensuing response of the body can be very different. 
Nevertheless, some degree of tissue inflammation is commonly involved [1]. 
Inflammation itself can exert protective as well as detrimental effects. If adequately 
controlled, inflammation protects the body from pathogens and is involved in tissue 
repair and regeneration. In contrast, uncontrolled, chronic or overwhelming inflam-
mation results in cell death, tissue damage, fibrosis, autoimmunity, and tumor devel-
opment [2]. Crohn’s disease as well as ulcerative colitis are both associated with 
chronic, possible life-long, inflammation, often resulting in severe and permanent 
organ dysfunction as well as tissue remodeling that is finally associated with the 
development of intestinal fibrosis and neoplasia [3] (Table 21.1).

21.2  Wound Healing

During IBD disease course, chronic and severe mucosal damage requires efficient 
wound healing mechanisms in the intestinal tract. Regeneration of the intestinal 
epithelium is dependent on transmembrane receptor Lgr5 expressing intestinal stem 
cells (ISC). Those ISC are located at the base of the intestinal crypts between the 
Paneth cells which produce factors being essential for ISC survival and proliferation 
[4, 5]. Upon tissue injury the ISC expand, repair the mucosa and restore epithelial 
barrier function.

Intestinal tissue damage is the result of inflammation what causes infiltration of 
immune cells into the mucosa. Severe inflammation results in local tissue  destruction 

Table 21.1 Common and distinct mechanisms in the pathogenesis of CD-associated fistula and 
fibrosis development

Fistula Fibrosis

Similarities Triggered by chronic inflammation
Induction of TNF expression
Onset of EMT
Imbalance of MMPs and TIMPs
Invasive behaviour of Myo-fibroblasts

Differences Signaling cascade after 
TNF upregulation

Signaling cascade after 
TNF upregulation

Strong expression of 
TGFβ IL-13 MMPs 
SNAIL1 and β6-integrin

Regulation: TGFβ also 
induces DKK-1, which 
limits IL-13 expression

Strong expression of 
IL-13 TGFβ MMPs 
excessive ECM deposition
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as indicated by loss of epithelial cells and degradation of extracellular matrix in the 
submucosa. Mainly the infiltrating mononuclear cells secrete reactive oxygen radi-
cals and tissue-degrading enzymes, such as matrix metalloproteinases (MMP) and 
release pro-inflammatory cytokines, chemotactic and cell-activating peptides [6, 7]. 
This further enhances the extent of ongoing inflammation and tissue damage result-
ing in the continued infiltration of immune and non-immune cells into the inflamed 
tissue. In the case of severe tissue damage, finally so-called myofibroblasts migrate 
into the affected areas. These myofibroblasts are able to contract the wound area and 
to produce extracellular matrix (ECM) what is supposed to limit the extent of tissue 
damage [6]. Since MMPs are able to degrade secreted ECM components the bal-
ance between MMPs and their inhibitors, tissue inhibitors of MMPs (TIMP), is 
critical for the extent of tissue damage during inflammation [6]. A damage to the 
intestinal epithelium also allows the entry of commensal microbes and microbial 
macromolecules into the mucosa. This process leads to the generation of damage- 
associated molecular pattern (DAMP), pathogen-associated molecular pattern 
(PAMP) and reactive oxygen species (ROS), finally activating immune cells that 
then produce a broad number of cytokines, such as interleukin (IL)-6, IL-10, IL-17, 
IL-22 or tumor necrosis factor (TNF). Those cytokines not only are involved in the 
inflammatory response, but also in initiating the regenerative response by modulat-
ing ISC proliferation [1]. In the absence of microbiota-associated inflammation, a 
so-called sterile inflammation is induced by tissue damage and cell death [8], mainly 
mediated by DAMPs and activating pattern recognition receptors (PRR), such as 
toll-like receptors (TLR) and NOD-like receptors (NLR) as well as MMPs [9–11].

During acute intestinal inflammation, the activation of the immune system and 
matrix remodelling enzymes causes limited tissue damage what frequently results 
in a complete restitution of the damaged tissue due to sufficient wound repair 
mechanisms. More severe acute or moderate chronic inflammation causes severe or 
chronic tissue degradation and damage. These events are regularly followed by tis-
sue repair, what might already cause fibrosis and scars. Severe acute and continu-
ously ongoing chronic tissue damage frequently results in severe tissue fibrosis. 
This finally promotes the development of intestinal strictures and clinically symp-
tomatic intestinal obstruction as the end point of inflammation-induced tissue 
injury [6].

21.3  Crohn’s Disease Fistula

In contrast to the physiologic process of wound healing, intestinal fistulas represent 
a severe and frequent complication of CD. CD-associated fistulas occur in up to 
50% of patients [12, 13]. They still represent an unresolved medical problem in the 
treatment of CD patients, since permanent fistula healing is hardly achievable and 
recurrences are frequent. Fistulas in CD patients often impair the quality of life 
because of the above mentioned limited treatment options. The cumulative inci-
dence in population-based cohorts and meta-analyses of fistula formation varies 
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widely between 17 and 50% [14–19]. Most of the fistulas are located in the perianal 
region (54%), 24% are entero-enteric, 9% rectovaginal and 13% involve other loca-
tions, such as entero-cutaneous, entero-vesical, and intraabdominal fistulas [16].

Morphologically, a fistula represents a tract between two epithelial-lined sur-
faces. The prevalence of perianal fistulas increases with disease duration and more 
distal localization of intestinal disease [12, 20]. Noteworthy, especially perianal fis-
tulas are not specific for CD and also occur during infection, hidradenitis suppura-
tiva and malignant processes [21, 22]. Histologic features of CD fistulas are 
nonspecific. Fistula tracts may be detectable microscopically and lined by granula-
tion tissue and/or “squamous” epithelium. The tracts are typically filled with debris, 
erythrocytes and acute inflammatory cells [12]. Chronic inflammation and sur-
rounding fibrosis are regularly visible. It is hypothesized that fistulas arise as a con-
sequence of an acute inflammatory process with infection and suppuration [23]. A 
deep penetrating ulceration located in the rectum or the anus might fill with fecal 
material. The luminal pressure then forces this material into underlying tissue lay-
ers. Additionally, also anal gland or duct abscesses might serve as a point of origin. 
The process of tissue destruction may then be maintained by ongoing inflammation 
as well as luminal antigens and bacteria. Interestingly, CD fistulas are commonly 
surrounded by fibrotic tissue [12, 24].

To date, only a small number of studies have investigated the pathogenesis of 
CD-associated fistulas. About 30% of intestinal and perianal fistulas from CD, but 
also from non-CD patients feature flattened intestinal or narrow squamous epithelium 
and are surrounded by granulation tissue. “Non-epithelialized” fistula areas exhibit a 
lining of myofibroblast-like cells (so-called “transitional cells”) forming a new base-
ment membrane (BM). Only fistulas from CD patients, but not from non- CD patients, 
show regions with disordered myofibroblasts and fragmented BM suggesting differ-
ent mechanisms of fistula formation in CD vs. non-CD patients [12]. Additionally, a 
characteristic composition of inflammatory cells has been described in and around 
fistulas. CD fistulas typically feature a central infiltrate consisting of CD45R0+  
T cells, an underlying band of CD68+ macrophages as well as a dense infiltrate of 
CD20+ B cells in the outer fistula wall. Fistulas from non-CD patients, in contrast, 
commonly present a dense macrophage infiltrate and only few CD20+ B cells and 
CD45R0+ T cells [12]. Recent data also suggest accumulation of CD4+ CD161+  
T cells with a Th17, Th17/Th1 and Th1 phenotype in CD perianal fistulas [25].

21.4  Epithelial to Mesenchymal Transition (EMT)  
and CD Fistulas

Current knowledge suggests that the driving force for the development of 
CD-associated fistulas is EMT. While EMT is as a physiological process involved 
in embryogenesis, organ development, wound healing and tissue remodelling, it 
also plays an important role for pathological processes such as tissue fibrosis and 
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cancer progression [26, 27]. During EMT, a differentiated, resident epithelial cell 
loses its epithelial cell shape, down-regulates epithelial-cell specific proteins as 
E-cadherin or claudin-4. And acquires a mesenchymal cell shape accompanied by 
the upregulation of mesenchymal proteins, such as vimentin [26].

The process of EMT has been clearly demonstrated in pathogenesis of 
CD-associated fistulas [12, 24]. In particular, tracts of CD fistulas are covered by 
intestinal epithelial cells (IEC) as well as by “transitional cells”  (TC). The transi-
tional cells develop from intestinal epithelial cells via EMT and express typical 
mesenchymal cell markers, such as vimentin and alpha smooth-muscle-actin 
(α-SMA), in addition to their epithelial markers, such as cytokeratins (CK)-8, 
CK-20 or E-cadherin [24]. Additionally, in cells undergoing EMT, nuclear localiza-
tion of β-catenin and of the EMT-associated transcription factor SLUG, can be 
detected. A further hint for an involvement of EMT in fistula development is the 
strong expression of transforming growth factor (TGF) β, the most powerful driving 
force for EMT, in cells along as well as surrounding the CD fistula tracts [24, 28]. 
Immunohistochemical studies have also detected Snail family transcription factors 
in cells lining the fistula tract as well as around CD-associated fistulas. On the one 
hand, SNAIL1 is detected in nuclei of transitional cells lining the fistula tracts. On 
the other hand, SLUG (SNAIL2) is expressed in cells of fistula surrounding tissue, 
but almost absent in transitional cells [29].

21.5  Molecules Involved in CD Fistula Formation

IL-13 is strongly expressed in cells lining the fistula tract and also, to some lesser 
extent, in fistula surrounding fibrotic tissue layers. On a molecular level, TGFβ is 
able to induce IL-13 secretion from colonic lamina propria fibroblasts (CLPF) 
derived from CD patients with fistulizing disease, but not from non-IBD control 
patients or CD patients without fistulas. This suggests a specific amplification loop 
in CD fistula tissue [13, 24]. Recent data have also shown that IL-13 induces expres-
sion of the EMT transcription factor SLUG as well as of β6-Integrin, a protein that 
is associated with cell invasiveness, in an in vitro model of EMT using HT29 IEC 
spheroids [13]. Further support for the “amplification loop” theory is given by the 
fact that TNF and TNF-receptor 1 are also strongly detectable in cells lining the 
CD-associated fistula tracts [29]. We and others have demonstrated that TNF induces 
EMT and the expression of EMT-associated genes in IEC spheroids [30, 31]. TNF 
and TGFβ also induce the expression of the Wnt-antagonist, Dickkopf- homolog 1 
(DKK-1) in CLPF derived from CD patients with fistulas. DKK-1 is expressed 
along fistula tracts in CD patients and limits TGFβ-induced IL-13 expression (32). 
Support for the hypothesis that the intestinal microbiota is somehow involved in 
fistula formation in CD patients is provided by the observation that the bacterial wall 
component, muramyl-dipeptide (MDP), induces not only EMT in IEC, but also the 
expression of fistula-associated molecules in IEC and fistula CLPF [30].
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With respect to matrix remodelling enzymes, a strong expression of MMP-3 and 
MMP-9 can be observed in CD fistulae, while levels TIMP-1, TIMP-2 and TIMP-3 
are lower compared to their expression level in colon tissue from non-IBD patients. 
This observation supports the assumption that fistula formation is associated with a 
dysbalance of matrix remodelling enzymes, in particular of MMPs and TIMPs, 
what contributes to the development of fistulas through enhanced ECM degradation 
[32]. All of those observations strongly suggest EMT-like processes in the patho-
genesis of CD-associated fistulae [12, 13, 24, 29, 30, 33]. Additionally, fistula- 
associated molecules seem to be associated with the development of so-called 
fistula-carcinomas in CD patients, a very severe and important complication of CD 
and CD-associated fistulas [34–36].

21.6  Pathogenetic Differences Between Stricture 
and Fistula Formation

Inflammation is a crucial trigger for tissue regeneration, but nowadays knowledge 
suggest that uncontrolled or chronic inflammation might also be an important trig-
ger for both fibrosis and fistula formation [1, 37]. Unfortunately, to date, this has 
not been demonstrated formally in mammalian animal models. Mouse and rat 
models only rarely and late develop fibrotic alterations in the intestine and the onset 
of clinically relevant strictures or fistulas is very rare. Nevertheless, the general 
concept of an inflammatory trigger for development of fibrosis and fistulas is gen-
erally accepted.

From a clinical point of view, there is no medication available that directly tar-
gets fibrosis and anti-inflammatory treatment in IBD patients at the same time and 
is also sufficient to treat fibrosis once excessive ECM deposition has occurred [38, 
39]. Subsequently pathophysiological mechanisms perpetuating fistula and/or fibro-
sis formation may be distinct from the ones regulating the onset of fibrosis and fis-
tula formation. In particular, inflammation seems to play an important role in the 
beginning of fibrotic tissue alterations and fistula development. However, the impact 
of inflammation in later stages of the disease is unclear. This aspect becomes very 
interesting when considering novel therapeutic strategies, such as SMAD7 anti-
sense oligonucleotides that affect TGFβ function.

While treatment options for intestinal inflammation in IBD patients become 
more and more sophisticated, options for treatment and prevention of intestinal 
fibrosis or fistula formation are still very limited. This is also due to the fact that our 
understanding of the pathophysiological mechanisms of fistula and fibrosis devel-
opment is scarce. Of course, fistulas and fibrosis share some common pathogenetic 
features, such as EMT, but have also clearly distinct pathways and triggers. 
Currently, the most promising approach to prevent fibrosis and likely also fistula 
development might be to control inflammation before the complication has occured. 
Therapeutic interventions to control inflammation once stenosis/fibrosis or fistulas 
have been formed are in general not successful [38].
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From a molecular perspective, the development of fibrosis is defined as the 
excessive accumulation of ECM what finally causes organ dysfunction or even 
organ failure [26]. Current knowledge suggests that the key factors for fibrosis are 
chronic tissue damage due to chronic inflammation, overwhelming or defective 
wound healing mechanisms and expanding mesenchymal cells, mostly fibroblasts, 
myofibroblasts and smooth muscle cells [40]. Fibroblasts are continuously produc-
ing ECM as part of continuously ongoing tissue regeneration mechanisms. 
Following injury or inflammation, mesenchymal cells are able to rapidly proliferate 
and to invade the affected sites of injury or inflammation from within and without 
the intestinal tract. Hereby they follow a chemical gradient which is produced by 
growth factors. Finally, the fibroblasts become activated by a cocktail of cytokines 
that is produced by and secreted from immune as well as non-immune cells [40]. As 
a consequence, the mesenchymal cells produce excessive amounts of collagen and 
other components of the ECM [41]. Nevertheless, expression and activity of MMPs 
and their inhibitors TIMPs are elevated in the intestine of CD and UC patients. This 
suggests that the development of intestinal fibrosis in IBD patients is not only due 
to excessive ECM production, but rather dependent on an imbalance in regular 
tissue- remodeling processes [6]. Here, a clear correlation to the development of 
CD-associated fistulas is seen. Aberrant matrix remodeling, production of ECM 
components and a deregulated ECM turn-over are characteristic features of the 
development of both, fistulas and fibrosis. Noteworthy, CD fistulas are commonly 
surrounded by fibrotic tissue: A possible explanation for this observation might be 
the fact that the body aims at initiating wound healing around the fistula tracts. 
Since the fistula itself can be already result from defective wound healing mecha-
nisms, the onset of fibrosis and the development of fibrotic tissue around the fistula 
tract might serve to limit ongoing tissue damage as well as further fistula growth. In 
this regard, the onset of fibrosis around fistula tracts would represent a rescue mech-
anism of the intestinal tissue. A further hint to his theory is the fact that fibroblasts 
which are isolated from dense fibrosis tissue reveal a clearly higher migratory 
potential as colonic lamina propria fibroblasts (CLPF) isolated from fistulas. These 
observations suggest that fibroblasts in fistula areas might exert a lower capacity to 
repair tissue defects. As a compensatory mechanism, intestinal epithelial cells might 
be reprogrammed via EMT into mesenchymal cells. This allows them to migrate to 
the affected tissue regions what finally promotes fistula formation [42].

While the involvement of cytokines and growth factors, such as IL-13, TNF or 
TGFβ in the pathogenesis of intestinal fibrosis has been well documented [6, 40], 
recent studies also suggest an involvement of TNF and IL-13 as well as of their 
receptors in fistula formation. Those molecules are highly expressed in TC lining 
fistula tracts. These observations support the hypothesis that comparable mecha-
nisms might contribute to the onset fistulas and fibrosis in the intestine. This assump-
tion is even more underlined by the observation that EMT is crucial for fistula 
development and that hallmarks of EMT are be detected in areas of intestinal  fibrosis 
in CD patients [28, 43]. TGFβ, the most powerful inducer of EMT, is highly detect-
able in fistula as well as fibrotic regions of IBD patients [24, 44]. Additionally, the 
EMT-associated molecule, β-catenin, is less expressed in the membrane, but strongly 
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expressed in the nucleus, in fibrotic areas and fistulas hinting at its enhanced tran-
scriptional activity. While the EMT-related transcription factor SNAIL1 is strongly 
expressed in both, fistula tissue and fibrotic tissue, expression of SLUG transcription 
factor can only be observed in the nuclei of mesenchymal cells in fibrotic areas. In 
transitional cells along CD fistulas SLUG expression is only poorly detectable [28, 
29]. Interestingly, in a case report of a patient with a fistula- associated anal adeno-
carcinoma, a remarkable staining of SLUG transcription factor was shown not only 
in TC lining the fistula tract, but also in the carcinoma tissue originating from those 
cells [34]. As a limitation, however, one must mention that all of the current litera-
ture studying the pathogenic role for EMT in Crohn’s disease intestinal fistulas and 
fibrosis are based on descriptive results obtained by haematoxylin- eosin staining, 
immunohistochemistry and electron microscopy only. Due to this lack of functional 
studies and in particular in vivo studies on this topic, the true relevance for EMT in 
fistula and fibrosis development in CD patients warrants further confirmation.

Increased levels of IL-13 in the fibrotic intestine of CD patients are produced by 
a population of cells expressing high levels of IL-13Rα1 [45]. According to their 
phenotype, those cells (KIR+ CD45+ CD56± CD3− IL-13Rα1

+) might be innate lym-
phoid cells (ILC). Fibroblasts down-regulate levels of MMP-2 as well as of TNF- 
induced MMP-1 and MMP-9 protein in response to IL-13 [45]. A very interesting 
observation in fibrosis and fistula development are the effects of IL-13 and TGFβ. In 
the pathogenesis of fibrosis, IL-13 induces TGFβ secretion. In contrast, in fistula 
development fistula-derived myofibroblasts secrete IL-13 following stimulation with 
TGFβ [13, 44]. Nevertheless, conflicting results have been demonstrated with respect 
to the impact of IL-13 in the development of intestinal fibrosis in stricturing CD [46] 
suggesting that the possible pro-fibrogenic role of IL-13 in CD needs to be critically 
reassessed. A further hint to the complexity of fistula and fibrosis development is the 
observation that IFNγ is able to induce fibroblast apoptosis following co-treatment 
with TNF in an in vitro model of fibrosis [47, 48]. However, TNF is able to induce 
intestinal fibrosis by inducing collagen accumulation and inflammation [48].

Fistula formation in CD patients and development of intestinal fibrosis exhibit 
several similarities, but they also features remarkable differences. In the pathogen-
esis of CD fistulas, less migratory potential of myofibroblasts and an aberrant ECM 
production occurs, while as a compensatory mechanism, intestinal epithelial cells 
invade the wounded area to close the wound area. In contrast, increased prolifera-
tion as well as migration of myofibroblasts followed by enhanced matrix synthesis 
might be the critical mechanism in the development of intestinal fibrosis [6].

21.7  Summary

A well-balanced wound healing response represents a critical repair mechanism of 
the intestinal tract during acute and chronic intestinal inflammation. Defective 
wound healing promotes the onset of fistulas or fibrosis, the latter possibly resulting 
in clinically relevant stenosis or strictures. On a molecular level, EMT might play a 
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crucial role for the development of both, fistulas and fibrosis. However, the exact 
mechanisms for their development are not yet determined. This clearly suggests that 
further studies and if possible in vivo studies, are needed to gain a better understand-
ing of both pathologies, which would be essential for the development of novel 
therapeutic strategies aiming at preventing and healing fistulas and stenosis. It is 
necessary to consider fistula formation as a pathological process which is distinct 
from inflammation. This has also been discussed for the development of intestinal 
fibrosis. It will certainly be a great achievement to better understand the pathways 
of fistula formation and to compare those mechanisms to those of frequently coin-
cident fibrosis formation. Since treatment options for fistula and fibrosis therapy are 
limited to date, this represents one of the big unmet goals in IBD therapy and further 
research is clearly needed [37].
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