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Abstract

Fistulas and fibrosis or strictures represent frequent complications in irritable bowel disease (IBD) patients. To date,
treatment options for fistulas are limited and surgery is often required. Similarly, no preventive treatment for fibrosis
and stricture formation has been established. Frequently, stricture formation and fibrosis precede fistula formation, indicat-
ing that both processes may be connected or interrelated. Knowledge about the pathology of both processes is limited.
A crucial role for the epithelial-to-mesenchymal transition (EMT) in fistula development has been demonstrated. Of note,
EMT also plays a major role in the pathogenesis of fibrosis in many organs, and most likely also plays that role in the
intestine. In addition, aberrant matrix remodeling, as well as soluble factors such as tumor necrosis factor (TNF), interleukin
13 (IL-13) and tumor growth factor beta (TGFP) were involved, both in the onset of the fistula and fibrosis formation. Both
fistulas and fibrosis may occur due to deregulated wound healing mechanisms from chronic and severe intestinal inflam-
mation; however, further research is required to obtain a better understanding of the complex pathophysiology of fistula and
intestinal fibrosis formation, to allow the development of new and more effective preventive treatment options for those
important disease complications.
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Introduction

Though most of inflammatory bowel disease (IBD)
patients initially present with an inflammatory disease
phenotype, about one-third of the patients already fea-
ture evidence of a strictured or penetrating intestinal
complication at the time of diagnosis.'* Due to the
longstanding and chronically relapsing nature of the
disease, the initial inflammatory disease phenotype
often changes towards a strictured and/or penetrating
phenotype. This results in typical disease complica-
tions, such as the formation of stenosis or strictures,
and/or fistulas.

About 70% of Crohn’s disease (CD) patients suffer
from fistula or stenosis and the resulting intestinal
obstruction during their lifetime; and almost two-
thirds of them require surgery at least once within the

20 years following their initial diagnosis.® Fistulas affect
between 17-50% of CD patients during their disease
course. The most common fistula subtype is the peri-
anal fistula.* While extensive disease at diagnosis is
associated with the development of fistulas®, patients
with ileitis alone and patients after laparotomy in com-
bination with resection of the bowel do have a reduced
risk for fistula occurrence.*’

It is generally assumed that inflammation is a neces-
sary trigger for both fibrosis and fistula formation.
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This has not formally been shown, as animal models
such as mouse models only rarely and late may develop
fibrosis, and usually there are no strictures of fistulas;
however, the concept of an inflammatory trigger is gen-
erally accepted. For the further pathophysiological pro-
cess of fibrosis or fistula formation, inflammation may
only play a minor role. Anti-inflammatory treatment in
IBD may not prevent fibrosis once excessive extracellu-
lar matrix (ECM) deposition has started, as outlined in
a recent review by the members of the fourth scientific
workshop of the ECCO (European Crohn’s and Colitis
Organisation).®” The pathophysiological mechanisms
that are triggering and perpetuating fistula and/or
fibrosis formation may be distinct from the ones regu-
lating inflammation, especially chronic inflammation.
This becomes important with respect to new thera-
peutic concepts such as SMAD7 antisense oligonucleo-
tides that upregulate transforming growth factor beta
(TGFB) expression. A downregulation of the proin-
flammatory stimuli may well be associated with a pro-
fibrotic effect. Therefore, caution should be applied
when investigating the long-term effects of such a
treatment.

Despite significant progress in the treatment of intes-
tinal inflammation, the treatment and prevention of
intestinal fibrosis and fistula formation is still in its
infancy. We are only beginning to understand the
pathophysiological mechanisms, which share some fea-
tures, but of course also have distinct pathways and
triggers. None of our recent therapeutic advances in
IBD and none of the ones that so far can be foreseen
in the next upcoming years will prevent, nor reverse,
established fistulas or strictures with a satisfying success
rate. This implies that (similar to what we have recently
discussed for fibrosis)® controlling inflammation may
not affect the fistulas, once they have formed. The
lack of a successful medical fistula treatment is partly
due to the specific cellular and molecular pathways that
lead to fistula formation. We need to understand fur-
ther why epithelial-to-mesenchymal transition (EMT)
occurs during fistula formation, and how it can be
reverted. Thus, we have an urgent need for preclinical
animal fistula models. Also, fistula drug development is
hindered by the unpredictable evolution of fistulas,
which may be complicated by an abscess at any time
and by the recurrence of a fistular tract after cessation
of treatment, making clinical trials long and expensive.

Similar to what has been discussed for fibrosis, it is
necessary to view fistula formation as a pathological
process that is distinct from inflammation, to finally
be able to design and investigate specific and effect-
ive fistula-preventing or fistula-healing drugs.
Understanding the pathways for fistula formation and
comparing them to frequently coincident fibrosis forma-
tion will certainly help to achieve progress in this way.

Fistulas as a clinical problem

Fistulas represent a severe complication of CD and a
still unresolved medical problem for treatment of CD
patients. This is highlighted by the fact that fistula heal-
ing 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. In population-based cohorts and meta-
analyses the cumulative incidence of fistula formation
varies largely between 17-50%.*%'? Schwartz et al.*
report a fistula occurrence of 35% over time in the
Olmsted County cohort; with 54% of those being peri-
anal, 24% being entero-enteric, 9% being rectovaginal
and 13% involving other locations, such as entero-
cutaneous, entero-vesical and intra-abdominal fistulas.
One-third of the patients in this cohort had recurrent
fistulas. Typical symptoms of perianal fistulas are per-
sistent anal pain, painful defecation and purulent
discharge.

Clinically, fistulas are classified as ‘simple fistulas’
(below the dentate line, single external opening, not
painful, and with no evidence of rectovaginal fistula
nor evidence of anorectal stricture) or ‘complex fistulas’
that are above the dentate line, have multiple openings,
have the evidence of an abscess that is potentially asso-
ciated with pain, and the presence of a rectovaginal
fistula or anorectal stricture.'> Not surprisingly, the
risk of perianal fistula development is higher in patients
with colonic CD, in particular in those with rectal
involvement.

In the Crohn’s disease activity index (CDAI), only
20 points are attributed to the presence of fistulas,
regardless of the number and type, indicating that this
index is not useful to characterize the burden caused by
a fistulizing disease course. In addition, in many clinical
trials currently under way and in recent years, the pres-
ence of a fistula was an exclusion criterion, limiting the
evidence on potential upcoming therapies for fistula
patients. Clinical trials of fistula therapies suffer from
the lack of a reliable, reproducible and well-accepted
index for fistulizing CD.

The placebo response to any fistula treatment is
between 10% and 20%, which was confirmed in a
meta-analysis by Pascua et al.'*

Glucocorticoids may worsen fistula activity and
increase the need for surgery and should subsequently
be used with care in patients with fistulizing dis-
ease.'> 7 This may indicate a fistulae-promoting effect
of steroids that should be further investigated.
Antibiotics such as metronidazole and ciprofloxacin
are effective for the short-term management of fistulas
and fistula-associated abscesses; however, the recur-
rence rate at withdrawal is high and complete healing
is rarely achieved with antibiotics alone. Upon treat-
ment with 6-mercaptopurine (6-MP), 31% of the
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fistulas present closed completely during the treatment,
versus only 6% with placebo, in a clinical trial by
Present et al.'"® In the ACCENT 2 trial on fistulizing
CD, out of 306 actively treated patients, 64% had an
initial response with 50% or more of the fistulas
closed.'” Of these initial responders, 36% showed heal-
ing after 52 weeks of treatment, compared with 19% of
those treated with placebo.

In the CHARM trial on adalimumab, 113 patients
also had perianal fistulas: 31% (21 of 70) of all rando-
mized patients on active adalimumab maintenance
treatment had complete fistula healing, compared
with 13% (6 of 47) on placebo maintenance.*”

Between 20-80% of CD patients with perianal fis-
tulas will eventually require surgery and up to 30% of
patients with complicated perianal CD may eventually
require a permanent stoma.?'*?

Fistula pathogenesis

A fistula represents a tract between two epithelial-lined
surfaces. CD-associated fistulas occur in up to 50% of
patients.>*** The prevalence of perianal fistulas
increases with disease duration and more distal local-
ization of intestinal disease.”**> Noteworthy is that in
particular, perianal fistulas are not specific for CD,
because they can also occur during infection, hidrade-
nitis suppurativa and malignancy. Tuberculosis can his-
tologically mimic CD, but is, at least in the Western
world, much rarer than CD. Nevertheless, fistular peri-
anal disease can also develop.”®?” Diagnosis of fistula is
not based on histology, but rather on clinical assess-
ment. Nowadays, classification systems of perianal dis-
ease do not require histology; however, histologic
assessment can still be necessary in clinical practice,
for example to confirm CD diagnosis and/or to exclude
other underlying pathologies.*®

The histologic features of CD fistulas are nonspe-
cific. Often, the fistular tract may be identifiable
microscopically and is lined by granulation tissue
and/or ‘squamous’ epithelium. It is typically filled
with debris, erythrocytes and acute inflammatory
cells.”® Chronic inflammation and surrounding fibro-
sis are commonly observable, and granulomas may be
detected in and around perianal fistulas. Fistulas may
also occur before a patient gets diagnosed with CD.
Fistulas probably arise as a chronic consequence of
an acute inflammatory process with infection and
suppuration.”” For example, a deep penetrating
ulcer in the rectum or anus might fill with fecal
material that is forced into the underlying tissue by
luminal pressure. Anal gland or anal duct abscesses
could also serve as a point of origin. The process of
tissue destruction may be maintained by luminal anti-
gens and bacteria.

Only a few studies have investigated the pathophysi-
ology and histology of CD-associated fistulas. It has
been demonstrated that intestinal and perianal fistulas
from CD and non-CD patients feature flattened intes-
tinal or narrow squamous epithelium in about 27-31%
of cases. All of those investigated fistulas were sur-
rounded by granulation tissue. Interestingly, in ‘non-
epithelialized’ areas of the fistulas, there was a lining
of myofibroblast-like cells (so-called ‘transitional cells’)
that even form a new basement membrane (BM). Only
CD fistulas, but not fistulas from otherwise healthy
patients, exhibit areas with disordered myofibroblasts
and fragmented BM. This suggests that mechanisms of
fistula formation in CD differ from those in other dis-
eases>>; however, one might consider that medical treat-
ment of CD also might affect histologic appearance.>

A further characteristic feature of CD fistulas is the
presence of inflammatory cell populations in and
around the fistulas. It was described that CD fistulas
typically feature a central infiltration by CD45R0" T
cells, an underlying band of CD68" macrophages, and
a dense infiltrate of CD20" B cells infiltrate into the
outer wall. In contrast to the CD fistulas, control fis-
tulas typically exhibit a dense macrophage infiltrate,
and only few CD20" B cells or CD45 RO T cells.”?
In another study, accumulation of CD4+CDI161"7 T
cells with a Th17, Th17/Thl and Thl phenotype in
CD perianal fistulas was demonstrated.*°

Epithelial to mesenchymal transition

The general concept and possibly the driving force
behind the development of CD-associated fistulas, as
well as of intestinal fibrosis, is likely to be the so-
called EMT. In general, EMT is a physiological process
involved in embryogenesis, organ development, wound
healing and tissue remodeling, but also plays a major
role in pathological processes, such as tissue fibrosis
and cancer progression.*!*? During the mechanism of
EMT, epithelial cells lose essential epithelia-defining
properties, including apico-basal polarity and epithe-
lial-specific cell contacts; and gain qualities of mesen-
chymal cells (e.g. increased motility and cell
spreading).>’ Though EMT is an elementary process
for several development steps in embryology, it also
appears to be a central process in tumor development.
EMT is characterized by downregulation of epithelia-
specific proteins such as E-cadherin or claudin-4,
accompanied by upregulation of mesenchymal proteins
such as vimentin. This is partially due to coordinated
regulation of a distinct set of transcription factors, such
as SNAILI, SLUG or TWIST.*!

Recent studies demonstrate that EMT plays a crit-
ical role in the pathogenesis of CD-associated fis-
tulas.”>* CD fistula tracts are covered by intestinal
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epithelial cells (IEC), as well as by cells featuring
mesenchymal-myofibroblast-like characteristics, the
so-called ‘transitional cells’ (TC). These TC arise from
highly polarized IEC by EMT, and express molecular
markers that are typical for mesenchymal cells, such as
vimentin and alpha smooth-muscle-actin (¢-SMA), as
well as for epithelial cells, like the cytokeratines (CKs)
CK-8 and CK-20.%

Interestingly, such EMT-like events were also shown
to occur in fibrotic regions of the intestine of ulcerative
colitis (UC) patients. Here, fibroblast-like cells within
fibrotic areas featured strongly express o-SMA and
vimentin as markers of mesenchymal cells, but add-
itionally revealed considerable staining with IEC mar-
kers such as CK-8, CK-20 and E-cadherin, indicating
their epithelial origin. In these cells, there is also a
nuclear localization of B-catenin and of the transcrip-
tion factor SLUG, both being events that have been
implicated in EMT development that can be detected.
Furthermore, one can observe a strong expression of
TGFB, the most powerful driving force for EMT, in
and around the CD fistula tracts, as well as of the
UC fibrotic lesions.*>** A further hint to the involve-
ment of EMT in fistula pathogenesis is the detection of
the SNAIL family transcription factors in and around
CD-associated fistulas. While SNAIL1 is readily
detected in the nuclei of TC lining the fistula tracts,
SLUG can be detected in cells around the fistula
tracts, but is almost absent in TC.*

Molecules of potential pathophysiological
relevance during fistula formation

Evidence has been provided that IL-13 is strongly
expressed in TC lining the fistula tract and to some
lesser extent in fibrotic areas around the fistulas. Of
note, TGFp, which is strongly expressed around CD
fistulae, induces the secretion of IL-13 from colonic
lamina propria fibroblasts (CLPF) derived from
patients with fistulizing disease, but not from non-
IBD control patients nor CD patients without fistulas,
suggesting a specific amplification loop.>*** IL-13 also
induces the expression of the EMT-associated tran-
scription factor SLUG in an in vitro model of EMT
using HT29 TEC spheroids, as well as of B6-integrin, a
protein that is associated with cell invasiveness.

Furthermore, tumor necrosis factor (TNF) and TNF-
receptor 1 are also strongly expressed in CLPF lining
CD-associated fistula tracts, and in surrounding fibro-
tic intestinal tissue, further supporting the ‘amplifica-
tion loop’ theory.>> We demonstrated that TNF
induces EMT and the expression of EMT-associated
genes in HT29 spheroids.>® In addition, the Wnt-
antagonist Dickkopf-homolog 1 (DKK-1) is expressed
along fistula tracts in CD patients. The DKK-1 protein

is induced by TGFB and TNF, and limits TGF-
induced IL-13 expression.”” Of note, also bacterial
components seem to play a role for fistula development,
since the bacterial wall component, muramyl-dipeptide
(MDP), induces EMT in IEC, as well as the expression
of fistula-associated molecules in IEC and fistula
CLPF.*

In a previous study, a strong expression of matrix
remodeling enzymes, matrix metalloproteinase (MMP)-3
and MMP-9 were observed in CD fistulae; while the
expression of tissue inhibitors of metalloproteinases
(TIMP)-1, TIMP-2 and TIMP-3 was low, compared
with normal colon. This suggests that an altered MMP
and TIMP balance might critically contribute to fistula
formation, through enhanced ECM degradation.® Of
note in CD patients, fibrotic areas are often in close vicinity
to fistulae and fistulae are almost always surrounded by
fibrotic tissue. Interestingly, increased levels of IL-13 in
the fibrotic intestine of CD patients are produced by a
previously not described population of cells expressing
high levels of IL-13Ra; and IL-13 in the muscle layer of
CD intestine.”* The phenotype of these cells (KIR™
CD45" CD56"/~ CD3™ IL-13Ra; ") suggests that they
belong to the spectrum of innate lymphoid cells (ILC). It
has been shown that fibroblasts down-regulate MMP-2
as well as TNF-induced MMP-1 and MMP-9 in
response to IL-13.% All of those observations strongly
suggest EMT-like processes in the pathogenesis of CD-
associated fistulae (Figure 1).>3**33-3537 In addition, fis-
tula-associated molecules seem to be associated with the
development of so-called fistula-carcinomas in CD
patients.*

Wound healing

During IBD, severe mucosal tissue damage occurs that
requires efficient wound healing mechanisms. This
tissue damage is due to the effects of macrophages
and neutrophils that induce local tissue damage.
These cells secrete reactive oxygen radicals and tissue-
degrading enzymes and release pro-inflammatory cyto-
kines, chemotactic and cell-activating peptides.*! In
cases of severe tissue damage, so-called myofibroblasts
migrate to these areas with mucosal defects. These
myofibroblasts then exhibit the ability to contract the
wound area and to produce ECM, to limit the extent of
tissue damage.*! In the setting of acute intestinal
inflammation, a limited tissue damage occurs that
finally results in a complete restitution of the damaged
tissue. More severe acute or moderate chronic inflam-
mation causes severe or chronic tissue degradation and
damage. These events are normally followed by tissue
repair of what might already cause fibrosis and scars.
Severe acute and long-lasting chronic tissue damage
can finally result in severe fibrosis, which is what



510

United European Gastroenterology Journal 4(4)

Gut
utiumen - PAMPs (MDP)

-

A
Gut mucosa = ‘
EMT(b) ‘
R
(c) TNF! R
Submucosal ‘
tissue TGF-81 ‘

B6-Integrin |

- -
o &
- <
IEC * Transistional w“
. - 'd e

—
IL-131 i YO 4
G  MuPs! ©

* Fistula

EMT _> Invasive cell growth /

F Myo-fibroblasts Wound healing (EMT) (@)

{—
!-

—

Aberrant wound healing

Figure 1. Pathogenesis of Crohn’s disease-associated fistulae. Due to an epithelial barrier defect several PAMPs, e.g. MDP, are able to
enter the gut mucosa. Both the process of wound repair (a) and the inflammatory response caused by PAMPs (b), induce the event of EMT.
First, an increased expression of TNF is initiated (c), resulting in an upregulation of TGF-f3 production. This triggers the expression and
secretion of IL-13 as well as of molecules associated with cell invasiveness, as 6-integrin (d). The enhanced activity of MMPs, as well as
the upregulation of the protein expression, favors the transformation of the IECs towards the invasive myofibroblast forms, which finally

results in the fistula formation (e).

EMP: epithelial-to-mesenchymal transition; IEC: intestinal epithelial cell; IL-13: interleukin 13; MDP: muramyl dipeptide; MMPs: mem-
brane metalloproteinases; PAMPs: pathogen-associated molecular patterns; TGFP: tumor growth factor beta; TNF: tumor necrosis factor

promotes development of intestinal strictures and
obstruction.*! In the pathogenesis of CD fistulas, one
can observe a lowered migration of myofibroblasts,
aberrant ECM production and, as a compensatory
mechanism, the IECs invade the wounded area
aiming to close the wound area. In contrast, in the
development of intestinal fibrosis, one can observe
increased proliferation and migration of myofibro-
blasts, as well as enhanced matrix synthesis.*!

Comparison of fistula formation and
intestinal fibrosis

On a molecular level, fibrosis is defined as the excessive
accumulation of ECM that finally leads to organ dys-
function.”’ The underlying key factors are chronic
tissue damage in IBD patients due to chronic inflam-
mation, aberrant wound healing and an expansion of
mesenchymal cells (namely fibroblasts, myofibroblasts
and smooth muscle cells).*? In general, fibroblasts are
continuously producing a certain amount of ECM;
however, in response to injury or inflammation, the
mesenchymal cells rapidly proliferate, invade the
affected sites from within and without the intestine fol-
lowing the chemical gradient of certain growth factors,
and are finally activated by a mix of cytokines secreted
from immune and non-immune cells.** As a result,
these mesenchymal cells produce excessive amounts of
ECM, mainly collagens43; however, in both CD and
UC, the expression and activity of MMP as well as of
their inhibitors TIMP are elevated; this suggests that

intestinal fibrosis in IBD is not only the result of exces-
sive local ECM production, but rather of an imbal-
ance in the regular tissue-remodeling processes.*!
Interestingly, aberrant matrix remodeling and ECM
production and turn-over seem to be characteristic fea-
tures of both fistulas and fibrosis. This is of particular
interest, since CD fistulas are mainly surrounded by
fibrotic tissue: This might be explained by the body’s
aim of wound healing around the fistula tract. As the
fistula might result from defective wound healing mech-
anisms, the fistula-surrounding fibrosis might serve the
aim of limiting tissue damage and fistula growth, rep-
resenting a rescue mechanism of the intestine. This
theory is further supported by the fact that fibroblasts
derived from dense fibrosis tissue reveal stronger migra-
tory potential than CLPF associated with fistula for-
mation. Alternatively, to compensate for the disability
of these cells to repair tissue defects, epithelial cells
might be reprogrammed via EMT, allowing them to
migrate to the affected spot, which finally results in fis-
tula formation due to this mechanism running out of
control.*

Several studies strongly suggest an involvement of
cytokines, such as IL-13 and TNF, as well as of
growth factors such as TGFp, in the pathogenesis
of intestinal fibrosis.*'** Interestingly, TNF and
IL-13, as well as their receptors, were demonstrated
to be highly expressed in TC lining fistula tracts, sup-
porting similar mechanisms for the development of fis-
tulas and of intestinal fibrosis. This observation is
further supported by the observation that EMT seems
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to be critical for fistula development and that hallmarks
of EMT can also be detected in intestinal fibrosis.***°
TGFpB as the main inducer of EMT is also highly
detectable in fistulas, as well as in regions of fibro-
sis.>**® Moreover, PB-catenin was found to be less
expressed in the membrane, but strongly in the nucleus,
hinting at transcriptional activity in fibrotic areas, as well
as in the fistula region; however, SLUG expression was
also clearly observed in the nuclei of mesenchymal cells
in fibrotic areas, whereas in TC of CD fistulas, only poor
expression was detectable.***> Nevertheless, it must be
mentioned that all the papers cited regarding the patho-
genetic role for EMT in Crohn’s intestinal fistulas and
fibrosis are based only on descriptive results obtained by
hematoxylin-eosin staining, immunohistochemistry and
electron microscopy. Thus, due to the current lack of
functional studies on this topic, the actual relevance
for EMT in fistula and fibrosis pathogenesis in CD
patients still needs to be further confirmed.

A case report for a fistula-associated anal adenocar-
cinoma was reported that showed remarkable staining

of the SLUG transcription factor in TC lining the fis-
tula tract; however, this could also be associated with
the carcinoma originating from those cells.** While in
fibrosis development, IL-13 induces TGFp secretion
and this is opposite in fistula development: Here, fistula
myofibroblasts secrete IL-13 in response to TGFp>**¢;
however, recently conflicting results were shown con-
cerning the influence of IL-13 in gut fibrosis in strictur-
ing CD.*” On this basis, a possible pro-fibrogenic role
of IL-13 in CD needs to be further investigated critic-
ally. Indeed, fistula formation and intestinal fibrosis
reveal several similarities, but also some remarkable
differences (Figure 2). This clearly requires further stu-
dies, for a better understanding of both pathologies
(Table 1). The complexity of all implicated factors is
also illustrated by the fact that IFNy was able to induce
fibroblast apoptosis together with TNF, in an in vitro
model studying fibrosis.***’ In contrast, TNF was
reported to induce intestinal fibrosis by upregulating
collagen accumulation, extending the inflammatory
state.*’
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Figure 2. Comparison of fistulae formation and intestinal fibrosis formation in Crohn’s disease. Besides some differences in the
development of both disease complications, there are also many similarities (orange ellipse), especially in regard to the mechanism

of EMT.

ECM: extracellular matrix; EMT: epithelial-to-mesenchymal transition; IL-13: interleukin 13; MMP: membrane metalloproteinase; TC:
transitional cells; TGFp: tissue growth factor beta; TIMP: tissue inhibitor of metalloproteinase; TNF: tumor necrosis factor
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Table 1. Summary of similarities and differences in the pathophysiology of fistula formation and fibrosis. Common and distinct mech-
anisms in the pathogenesis of CD-associated fistula and fibrosis development: After common initial events, which lead to the onset of EMT,
various signaling pathways are induced, which finally result in the formation of either fistula or fibrosis.

Fistula

Fibrosis

Similarities >Triggered by chronic inflammation
>Resulting stimulation of TNF expression

>0nset of EMT

>Different signaling cascades lead to an imbalance of MMPs and TIMPs

>Invasiveness of myofibroblasts

Differences Signaling cascade after TNF
upregulation:

strong expression of >TGFf3 > IL-
13 > MMPs > SNAIL1 and f36-

Integrin

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

Signaling cascade after TNF
upregulation:

strong expression of >IL-
13 > TGFB > MMPs > excessive
ECM deposition

CD: Crohn’s disease; DKK1: Dickkopf homolog 1; ECM: extracellular matrix; EMT: epithelial-to-mesenchymal transition; IL-13: interleukin 13; MMP: mem-
brane metalloproteinase; TIMP: tissue inhibitor of metalloproteinase; TGF: tissue growth factor; TNF: tumor necrosis factor

Conclusions

Wound healing represents a common and important
event during acute and chronic intestinal inflamma-
tion. If wound healing mechanisms are defective,
either fistulas or fibrosis and subsequent stenosis/
strictures can occur. On a pathogenetic level, EMT
seems to be a crucial mechanism for the development
of both fistulas as well as fibrosis; however, the exact
mechanisms for their development are not yet defined
and further studies are needed. In particular, since to
date treatment options for fistula therapy are limited
and fistula repair therefore represents one of the big
unmet goals in IBD therapy, further fistula research is
clearly needed.”
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