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Chapter 10
Fibrosis in Ulcerative Colitis

Fernando Magro and Tatiana Anténio

Abstract Intestinal fibrosis is a classic complication in Inflammatory Bowel
Diseases where chronic inflammation and abnormal tissue repair together lead to a
compromised bowel function. Although fibrosis and stricture formation are
acknowledged features of Crohn’s disease courses, these complications remain
poorly studied in ulcerative colitis (UC). The relevance of this topic has long been
ignored, despite the well-known prevalence of stenosis in UC, its clinical impact in
motility and the importance of assessing stricture malignancy.

Fibrosis in UC is now perceived as a dynamic and reversible process. However,
still no proper antifibrotic therapy exist, mainly due to the very limited pathophysi-
ological insights.

This chapter aims to review the current knowledge about fibrosis development in
UC, outlining disease basic concepts, epidemiology, histopathologic features and
clinical consequences.

Keywords Ulcerative colitis - Inflammatory bowel diseases - Fibrosis - Stenosis -
Myofibroblasts - Extracellular matrix

10.1 Ulcerative Colitis

Ulcerative colitis (UC) is, along with Crohn’s disease (CD), a chronic inflammatory
bowel disease where the intestinal permeability is disturbed by an inappropriate
immune response. Both diseases share many epidemiological and clinical features.
Nevertheless, UC distinguishes itself by being less prone to complications and by
its gastrointestinal distribution, which is continuous and begins in the rectum,
spreading proximally, but not reaching the ileum. Therefore, inflammation is worse
in the distal colon [1, 2].
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The extent of the colonic mucosal involvement can either be limited to the rec-
tum (proctitis), which accounts for about one third of all patients [3, 4], or progress
distally, called left-sided colitis where the inflammatory process reaches the splenic
flexure. When disease activity goes beyond that location and is present throughout
the colon, UC is classified as extensive colitis, the most common presentation at
onset in children [5]. In general, the illness’ natural course is mild, marked by peri-
ods of flares and spontaneous remission of variable duration and the prognosis is
usually good for the first 10 years after diagnosis [6-8].

The colonoscopy of UC reveals a diffuse, uniform inflammation with loss of the
visible vascular pattern and haustral folds, as well as a granular, erythematous
appearance of the mucosa. Friability is also noticeable, since the mucosa bleeds
either when touched or spontaneously. Pseudopolyps may be present in long-
standing UC [2, 5], but fissures, granulomas and transmural lymphoid aggregates
are absent from UC patient’s colon [1]. Multiple endoscopic biopsies allow the
understanding of disease distribution. Findings of discontinuous mucosal impair-
ment with sparing areas and ileal involvement favor CD diagnosis, as is a cobble-
stone mucosal pattern and longitudinal, irregular ulcers [1, 2]. Histologically, UC
usually appears to be confined to the most superficial layers of the colon. Microscopic
evidences include crypt architectural distortion, atrophy and abscesses, along with
infiltration of plasma cells (plasmacytosis), lymphocytes and granulocytes [1, 5, 6].

Furthermore, some clinical manifestations are the hallmark of UC: bloody diar-
rhea with or without mucous secretion, fecal urgency and tenesmus [2, 7, 9]. On the
other hand, CD is more likely to present with frequent abdominal pain and perianal
lesions [9]. The natural course of UC can also be accompanied by frequent evacua-
tions of blood or mucus, variable abdominal pain, overall malaise, fatigue and less
commonly fever and weight loss, depending on the extent and severity of the dis-
ease [2, 6, 9]. Local complications may encompass strictures, abscesses, fistulas and
cancer. Additionally, colonic dilatation (toxic megacolon) and massive bleeding
may occur in the most acute fulminant form of UC [5, 10].

Besides, 10-30% of patients with UC will experience extraintestinal manifesta-
tions of the disease, which comprise musculoskeletal problems such as arthritis and
osteoporosis, eye pathologies, primary sclerosing cholangitis, skin conditions like
erythema nodosum, pyoderma gangrenosum and aphtous stomatitis, as well as ane-
mia and coagulation abnormalities [2, 6, 11, 12].

Ultimately, the disease progresses towards a fibrotic pathway and, consequently,
colonic failure, which appears to be a self-sustaining process that can endure even
in the absence of inflammation [13].

10.1.1 Epidemiology

Overall, Inflammatory Bowel Diseases (IBD) are associated with an industrialized
and westernized lifestyle, being more common in Europe and North America. Their
prevalence and incidence are increasing over time and geographically, becoming a
global disease [14]. The fact that IBD incidence is now much higher in prior low
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incidence countries such as Asia, the finding that the disease is more typical in
urban areas versus rural regions and the observation that migrating from a lower
prevalence area of IBD to a higher prevalence area increases a person’s disease risk
all suggest that environment and lifestyle have an important role in the etiology of
IBD [3, 14, 15]. UC is the most prevalent form of inflammatory bowel disease and
it seems to affect both men and women in an equal manner [3, 6, 14]. The highest
annual incidence of UC is found in Europe, reaching 24.3 cases per 100,000 persons
[14]. This idiopathic illness is mainly diagnosed in adults between 20 and 40 years
of age, although it can have its onset at any age [14—16].

Chronic inflammation in these patients eventually brings about fibrosis. This pro-
cess is most of the times clinically silent and only becomes symptomatic in about
5% of the individuals with UC [17]. Benign strictures, a complication for which
fibrosis is believed to contribute, occur in less than 5% of UC cases [18-20].

10.1.2 Etiology

Despite the fact that UC pathophysiology is still not fully understood, today it is
widely accepted that UC does not result from a single cause, but instead it is an out-
come of a multifactorial mechanism involving the immune system, environmental fac-
tors, gut commensal microbiota and genetic susceptibility [5]. These factors promote
an inappropriate immune response that is accompanied by adverse clinical outcomes.

Family history is a fairly important risk factor for UC development, especially with
affected first-degree relatives [21]. Genome-wide association studies (GWAS) have
found 163 risk loci for IBD, 23 of those being specific for UC. These polymorphisms
may disturb innate and adaptive immunity and other mechanisms that assure intestinal
homeostasis [22]. However, the fact that concordance rate for UC among monozygotic
twins is only about 16% denotes the great impact of non-genetic aspects in disease risk
[23]. This puts a spotlight on environmental factors, particularly the ones affecting
bacterial colonization of the intestine. Evidence that germ-free animals do not develop
UC highlights the relevance of commensal enteric microorganisms in disease patho-
genesis [24, 25]. In fact, microbiota seem to play a major role in both disease onset and
severity, as well as in determining disease phenotype as UC or CD [21].

Thus, the exposure of genetically susceptible individuals to antigens of the com-
mensal microbiota leads to a persistent immuno-mediated intestinal disorder.
Nonetheless, it remains undetermined what exactly triggers chronicity in UC [10].

10.2 Fibrosis in Ulcerative Colitis

Intestinal fibrosis is frequently associated with chronic intestinal inflammation in
many enteropathies and it’s often observed in both main forms of IBD. It is seen as
a process of long-lasting illness, where persistent tissue damage and healing result
in barrier dysfunction followed by scar tissue formation [19, 26].
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Fibrosis is characterized by an imbalance favoring deposition of collagen-rich
extracellular matrix (ECM) over breakdown of ECM components. In UC, it is usu-
ally marked by a local increase in the mesenchymal cell pool together with thicken-
ing of the muscularis mucosa [27, 28].

Since inflammation is only rarely detected in the muscularis propria and
because strictures are much less frequent in UC (1-11.2%) when compared to
their fairly high incidence in CD, fibrosis was thought to be limited to the mucosa
and submucosa in UC subjects [18, 20, 27, 29]. These fibrotic changes have been
ignored over the years, despite their clinical relevance in leading to a stiffened
colon unable to perform peristalsis or resorb fluids [30, 31]. Moreover, CD is
well-known for being a transmural disease where strictures may originate from
the muscular layers, whereas UC was formerly believed to be confined to the inner
layers [19]. This made stricture formation in UC much harder to explain and hence
mechanisms other than excessive deposition of ECM have been proposed in the
formation of benign strictures in UC, namely the hypertrophy and contraction of
the muscularis mucosae, which was found to narrow the lumen of the large bowel
[20, 32].

It was only then suggested that disease activity might not be strictly confined to
the mucosa as previously thought, but instead can affect the entire thickness of the
bowel wall. This is in line with the findings of an enhanced collagen deposition
throughout all the layers of the colonic wall [27, 29, 30].

10.2.1 Pathogenesis

It is widely acknowledged that fibrosis is an outcome of inflammatory damage to
the tissue followed by healing impairment [33]. It has been stated that inflammation
is required for the initiation of fibrosis [34]. This is supported by evidence that fibro-
sis follows inflammation distribution and it’s never found in segments apart from
the ones affected by inflammation [35]. On the other hand, inflammation seem to
play only a minor role in fibrosis progression [10]. In fact, there are intestinal dis-
eases, like celiac disease, where chronic inflammation is present but fibrosis and
strictures do not occur. Furthermore, anti-inflammatory therapies have failed to pre-
vent or reverse intestinal fibrosis. These observations highlight the existence of an
independent mechanism underlying fibrosis other than inflammation [36, 37] Not
only it is not yet clear what drives chronicity in UC, but also it is still undefined what
prompts strictures formation. Since not all individuals develop intestinal fibrosis
and the ones who do, display a variable extent of it, we can postulate that there is a
genetic factor that determines susceptibility [10, 38].

It is still unclear if UC and CD share the same fibrogenic pathways [28]. Yet, in
both situations, an inflammatory environment seems to be a prerequisite for the
intestinal fibrotic process to begin. Inflammation leads to injury of the epithelium
with ECM disassembly and release of chemokines and other cytokines, which in
turn determines the recruitment and activation of immune and non-immune cell
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types. Immune cells migrating to the injured site include both macrophages and
neutrophils as part of the immediate innate response, and T lymphocytes as part of
the adaptive immune response [34, 36, 39].

Damage additionally extends to the lamina propria by local activation of ECM-
degrading enzymes, like elastases and matrix metalloproteinases (MMPs) that allow
further infiltration of immune cells. Moreover, collagenases reinforce destruction of
the ECM by fibronectin and collagen degradation. Eventually, this continuous cycle
of epithelial damage, repair, angiogenesis and lymphangiogenesis is responsible for
the loss of epithelial cells and mucosal ulceration (Fig. 10.1) [19, 29, 34].

In this manner, damaged mucosa and submucosa becomes exposed to a profi-
brotic milieu of soluble mediators and enzymes. In UC these include proinflamma-
tory cytokines such as IL-13 [40], IL-17 [41] and IL-33 [42] and several growth
factors among which are the insulin-like growth factor-1 (IGF-1) [43—-45], the trans-
forming growth factor-p (TGF-p) [31, 46], the platelet-derived growth factor
(PDGF) [47], the basic fibroblast growth factor (b-FGF) [20, 43] and the tumor
necrosis factor-o (TNF-a) [31, 45].

This microenvironment encourages local mesenchymal cells to actively differen-
tiate and dedifferentiate between three acknowledged phenotypes: fibroblasts
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Fig. 10.1 General representation of downstream events that underscore fibrosis in UC
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(a-smooth muscle actin (a-SMA) negative, vimentin positive, desmin negative),
myofibroblasts (a-SMA positive, vimentin positive, desmin negative) and smooth
muscle cells (e-SMA positive, vimentin positive, desmin positive) [48]. The great
contractile ability of activated myofibroblasts, their capacity to migrate and secrete
ECM components as well as growth factors, make them the main player in tissue
remodeling and fibrosis. In the active UC mucosa, the number of a-SMA positive
cells is increased, especially at the margins of deep ulcers [34, 49]. Myofibroblasts
can become activated through different pathways, by means of paracrine signals
from immune and nonimmune cells, as the ones mentioned above, by autocrine
signaling, by pathogen-associated molecular patterns that come from the interaction
of microorganisms with Toll-like and NOD-like receptors, and also by products
from cell injury named damage-associated molecular patterns [ 17, 50]. Myofibroblast
activation represents an acquisition of a pro-repair and pro-fibrogenic cell pheno-
type, inciting their proliferation (expansion in number) and dramatically increasing
their secretion of numerous molecules, including mediators that further sustain
local inflammation and ECM components deposition [43, 51].

Among these components, collagen comprises the major scar protein, with a
predominance of subtypes I and III. Collagen type I provides tensile strength and
mechanical stability to the tissue, whereas collagen type III is known for its elastic
and flexile properties. In UC, both these subtypes of collagen together with
fibronectin have been found in increased levels transmurally, i.e., not only in the
mucosa and submucosa, but also in the muscularis externa [27, 29].

Normal wound healing begins with deposition of new matrix components pre-
dominantly collagen type III, which in time is replaced by collagen type I [52, 53].
Some studies also found this increased collagen type III:I ratio to exist in inflamed
colonic specimens from UC patients, which relates to the initial state of fibrosis
development. Moreover, the areas where this increase occurs overlap with regions
of an inflammatory cell infiltrate rich in TGF-f1 and IGF-1. This ratio later changes
in favor of collagen type I as the fibrotic process matures [27, 54].

Besides local proliferation, myofibroblasts may arise from a wide variety of
sources: they can either migrate from neighboring tissue, be recruited from circu-
lating precursors like fibrocytes or bone marrow stem-cells, differentiate from
intestinal stellate cells and pericytes, or derive from epithelial or endothelial-to-
mesenchymal transition [26, 48, 51, 55].

Under physiologic conditions, tissue repair is a self-limited controlled process.
Eventually the epithelial barrier becomes fully restored, MMPs break down the
fibrotic matrix and myofibroblasts become inactivated or undergo apoptosis, but still
very little is known about the signals that control this process [53, 56]. In UC, how-
ever, repair mechanisms are disturbed. Instead, persistent deposition and cross-linking
of matrix components modify the ECM leading to its stiffening. Since immune and
nonimmune cells can sense the surrounding matrix via integrin mediated mecha-
nisms, mechanical tension by itself can drive cells to a proliferative and activated
phenotype, leading to a vicious cycle of profibrotic events (Fig. 10.1) [33, 57].

Although strictures are much less frequent in UC than in CD and often associated
with longer disease duration, they can still have a significant impact on the disease
course and lead to serious clinical complications. Above all, a better understanding
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of stricture pathogenesis in UC is crucial when considering the risk of cancer, even
though only a minority of strictures in UC are indeed malignant. It is difficult to
perceive whether colonic cancer emerges from a pre-existing benign stricture or if it
is in fact a malignant growth from the beginning. Benign strictures are frequently
asymptomatic and associated with long-lasting disease. The time elapsed from UC
diagnosis to stenosis detection is usually about 15 years [18, 20, 58].

The mechanisms for the development of benign strictures in UC remain poorly
understood. Some authors believe that hyperthrophy and contraction of the muscu-
laris mucosae is the most likely phenomenon to be responsible for the colonic nar-
rowing related to strictures. However, the ability of the reported lesions to revert
spontaneously and the inclusion of muscular hyperthrophy cases in the study sug-
gests that these may not be in fact true strictures [18, 59]. Indeed, several inflamma-
tory mediators are known for promoting growth and function alterations of smooth
muscle cells [17]. Nevertheless, muscular thickening of the muscular layer does not
seem to be the major culprit of stenosis in UC as not all stenotic specimens display
a thickened muscularis propria [20]. Additionally, a more rigorous approach found
stenotic cases to be linked to greater ulcer scars when comparing to nonstenotic
specimens, even at segments of the colon without stenosis, denoting that stenotic
subjects are more prone to fibrosis development [20]. Furthermore, b-FGF, an
important proliferation factor for mesenchymal cells, was found to be highly
expressed at stenotic sites, along with myeloperoxidase, in cases where neutrophils
appear to be the dominant inflammatory cell type. This further supports the hypoth-
esis that colonic stenosis in long-lasting UC is owed to fibrosis, probably by b-FGF-
positive neutrophils, inducing proliferation of myofibroblasts [20]. The reason why
stenosis and strictures are common complications of CD but are rather rare in UC is
still uncertain. UC confinement to the most superficial layers of the colon was ini-
tially pointed out as one possible explanation, but several studies have later reported
ECM deposition in all layers of the colonic wall [29, 30]. Further studies are needed
to explain this observation.

10.2.2 Clinical Consequences of Fibrosis

The abnormal tissue architecture that arises from fibrosis may disturb the normal
function of the epithelium and eventually trigger the development of symptoms [26].
Peristalsis and fluid reabsorption are compromised, and may lead to the abdominal
pain and diarrhea often experienced by patients with UC. Fibrosis in UC has been a
quite overlooked topic and therefore its serious clinical implications have been far
underestimated. This is surprising as the importance of the ECM deposition in the
disease course, its role in stricture formation, the ensuing obstruction and motility
problems that may result and the crucial need of distinguish between benign and
malignant strictures are well-known phenomena [30, 31, 33]. Clinical complications
are likely related to the accumulation of scar tissue in the intestinal wall of UC sub-
jects and therefore the smaller diameter of the colon. This comes with an increase in
wall stiffness and patients with long-standing illness normally present with a
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narrowed colon with diffuse loss of haustration, acquiring a “lead pipe” appearance.
Clinical findings suggest that these structural alterations entail loss of colonic elastic
properties and decrease of contractility and compliance. Moreover, a reduced tone of
the descending colon is found in these patients after meals. Consequently, looser
faeces or even diarrhea will ensue. A particularly severe form of dysmotility in UC is
anorectal dysfunction, expressed by fecal urgency, incontinence and tenesmus [28,
32,33, 60]. Generally, the clinical picture correlates with the disease extent and distal
involvement, as colorectal lesions usually display more and earlier symptoms [10].

It is true that these symptoms can be more severe during the active phases of UC
and indeed it is well established that inflammation itself is able to affect motor and
perceptive functions of the colon [61-63]. However, even when inflammation sub-
sides and disease is quiescent, patients’ symptoms still persist and because of that
one can hypothesize that fibrosis of the large bowel wall could contribute to all of
the above clinical presentations [32, 64, 65].

10.3 Conclusion and Future Questions to Be Addressed

The concept of fibrosis is now one of a dynamic and reversible process. In order to
provide reliable therapeutic options to manage fibrosis in UC, some matters are yet to
be addressed, as pathophysiological insights are still very limited. First, there is a need
to determine the key effectors in myofibroblast activation and the markers that identify
the activated form of the mesenchymal cell. Second, it would be crucial to determine
which factors rule the transition from an inflammatory to a fibrostenotic phenotype,
which could potentially also be used as a specific target for antifibrotic therapy.

Limitations to the study of fibrosis and stricture formation include the lack of
good animal models that truly represent the chronic, polygenetic nature of the dis-
ease and the need of reliable biomarkers that would make monitoring fibrosis in
clinical trials possible [22, 66].

Several compounds have been proposed as potential antifibrotic drugs [13, 67],
but no specific therapy is yet available. The fibrotic mechanisms are highly complex
and multifactorial and a multi-target approach would likely be the best strategy. The
self-perpetuating nature in UC highlights the urge for drugs that would allow the
prevention and reversal of intestinal fibrosis. As our knowledge on fibrostenotic
mechanisms progresses, this target will come within reach.
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