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ABSTRACT 

 

Background:  

Up to 50% of patients with Crohn’s disease (CD) will develop intestinal strictures 

involving and evolving from a process of currently unpreventable and 

irreversible fibrosis.  

The pathogenesis of this selective fibrogenesis is unknown but involves complex 

pathophysiology.  

Once initiated, characteristic TGF-β-driven myofibroblast (MF) activation and 

excess extracellular matrix (ECM) deposition is self-perpetuating.     

  

Methods:  

Proliferation, activation, and migration, with and without exogenous TGF-β 

stimulation, was investigated in primary human MF isolated from strictured and 

adjacent non-strictured ileum. Limited experiments on MF isolated from a 



 

 
6 

second CD patient with inflamed colonic disease were also performed 

synchronously until the viability of this culture was lost. 

Culture of MF subtypes in isolation and in medium previously conditioned by 

prior incubation of another MF subtype (cross culture) was performed to assess 

paracrine effects. 

RNA analysis of genes known to exert fibrotic influence was performed on 

biopsies of one patient taken from strictured and adjacent non-strictured 

intestine.   

 

Results: 

Proliferation   

MF isolated from strictured ileum show a higher proliferative attitude.  

 

Activation  

However, MF activation, assessed by α-SMA expression, and collagen 1A 

expression, a significant ECM component, were greatest in MF isolated from 

non-strictured ileum compared to that of strictured ileum and colonic samples.  
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Cross Culture and conditioned media 

Activation of MF isolated from strictured ileum was enhanced by culture in 

conditioned medium from incubated MF from non strictured ileum.  

 

TGF-β treatment also enhanced activation and COL1A expression.  

 

RNA gene expression  

Profibrotic gene expression of ACTA2, COL1A, COL3A and TIMP-1 was increased 

in strictured intestine.  

Non-strictured intestine had pronounced expression of other profibrotic genes, 

TGF-β, TNF-α, IL-6 and CCL2.   

 

Summary:  

These novel foundation experiments give new prominence to apparently 

macroscopically quiescent tissue adjacent to strictures. These areas could be 

considered biologically primed, and a reservoir of profibrotic mediators, 

involved in fibrosis initiation, development and progression.   
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IMPACT STATEMENT  

 

The inflammatory bowel diseases (Crohn’s disease, ulcerative colitis and IBD 

unclassified) affect more than 1.5 million in North America and 2.5 to 3 million 

populations in Europe, the latter at an estimated direct health care cost of 4.6-

5.6 billion Euros per year.  

In the United Kingdom, Inflammatory bowel disease (IBD) costs the NHS £720 

million per year, in addition to the hidden cost of the majority of those affected 

being economically active.  

Recent epidemiological studies have shown the incidence of IBD to be stable, 

and pertinent to this research, the prevalence of Crohn’s disease (CD) has 

increased in the past 20 years from 220 to 400 per 100 000 persons.  

Specific to this research, more than 30% of patients with CD will develop 

intestinal fibrosis resulting in stricture formation and subsequent intestinal 

dysfunction and obstruction associated with increased morbidity and mortality, 

causing prolonged hospitalisation and surgical intervention. 

In contrast to the inflammatory component of Crohn’s disease, where 

monoclonal antibody therapy has transformed medical treatment and thereby 

patient outcomes, a limited understanding of the mechanisms of fibrosis means 
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there is no current feasible therapy to prevent or reverse this process.  This 

makes fibrotic CD a fertile area of research.    

Experiments performed with the human myofibroblast presented in this thesis 

provide an opportunity for directly exploring a novel hypothesis of a component 

of fibrogenesis in CD.  

The experimental concepts in this study offer not only a foundation for future 

research and publication but the possibility of extrapolation of the findings into 

other fibrogenic diseases, as yet unexplored.  

Furthermore, mechanisms explored in this project, it is hoped can be considered 

a first step toward translational research and the potential of a new therapeutic 

target.  

This is a piece of work that has involved my gaining a deep understanding of the 

current research arena and analysing the direction that this novel research 

should be taken. 

The results, whether positive or negative, must be robustly valid, and it is 

anticipated will aid future research.  

The ability to isolate and maintain viable myofibroblast subtypes in this 

laboratory would be fundamental to further progress. 
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Investigating the cell that is fundamental in the non-pathogenic or tissue healing 

pathway of fibrosis has the potential to provide the optimal opportunity of 

identifying any anomaly that might explain why over expression of this biological 

process progresses to a pathological one. 
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1: INTRODUCTION 

 

1.1: Crohn’s disease 

 

Crohn’s disease (CD), first described by Dr Burrill B. Crohn and colleagues in 

1932, is an Inflammatory Bowel Disease (IBD), characterised by chronic relapsing 

and remitting immune mediated transmural gastrointestinal inflammation1,2. 

This inflammation can occur sporadically anywhere in the gastrointestinal tract 

(GIT), and complications include fistulae and strictures. Although primarily an 

intestinal disease, non-gastrointestinal systemic sequelae are observed, 

examples being pyoderma gangrenosum and enteropathic arthritis3,4.  

The aetiology is unknown, but multifactorial: Genetic predisposition, 

environmental factors, and the microbial flora of the gastrointestinal tract have 

all been shown to contribute to disease development, phenotype and 

progression4.    

 

1.1.1: Epidemiology 

IBD affects more than 1.5 million in North America and 2.5 to 3 million in 

Europe5, the latter at an estimated direct health care cost of 4.6-5.6 billion Euros 

per year6. In the United Kingdom, IBD costs the NHS £720 million per year (£3000 
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per patient per year), of which half relates to inpatient management7. In 

addition, there is significant morbidity and mortality in economically active 

people7. 

CD affects both men and women in equal proportion, with a median age of 

onset of 30 years8,9. 

For uncertain reasons, following a substantial rise in incidence in high-income 

western countries in the latter half of the 20th century, more recent 

epidemiological studies have shown the overall incidence of IBD to have 

stabilised, while rising rapidly in newly industrialised countries10.  

A stable incidence of CD in the United Kingdom of 14.3 (14.0-14.7) per 100 000 

person-years, however, is contrasted by a rising prevalence, with an increase in 

the past 20 years from 220 to 400 per 100 000 persons11.  

The incidence of IBD remains constant, even less over the past decade, and 

this divergence between incidence and prevalence, has not been explained12,13. 

One explanation is that with better treatments and management, patients are 

indeed living longer. The capacity to treat inflammation will almost certainly 

have little or no effect on the cohort of CD patients that have the fibrotic or 

penetrating phenotype. 
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Research that is directed towards fibrosis may indeed become an important 

and complementary dimension of the research that is directed to IBD. 

 

1.1.2: Natural history 

The predominant phenotypic elements of CD are age of onset, disease location, 

and disease behaviour; and CD is typically classified by the Montreal revision of 

the Vienna classification (Table 1)14. 

 

 

Age at diagnosis A1 Below 16 years 

 A2 Between 17 to 40 years 

 A3 Above 40 years 

Location L1 Ileal 

 L2 Colonic 

 L3 Ileocolonic 

 L4 Isolated upper disease* 

Behaviour B1 Non-stricturing, non-penetrating 

 B2 Stricturing 

 B3 Penetrating 

 p Perianal disease modifier** 

Table 1. Montreal classification of Crohn's disease: Montreal classification of 

Crohn’s disease: *L4 is a modifier that can be added to L1-L3 when 

concomitant upper gastrointestinal disease is present; **p is added to B1-B3 

when concomitant perianal disease is present14. 



 

 
30 

Symptomatic manifestations vary between individuals, and are often 

phenotype dependent, but commonly include abdominal pain, frequent 

diarrhoea, and weight loss15. 

Involvement of the terminal ileum alone or together with colonic disease, 

account for 50% of all cases16. 

The vast majority (80%) of individuals present with non-stricturing, non-

penetrating or non-fistulising, inflammatory CD17. 

However, adversely, 11% of patients have disease already complicated by 

fibrotic strictures at initial presentation18–20. 

The risk of developing a stricture or fistulation complicating CD in any 

individual is substantial: 18% at 90 days; 22% at 1 year; 34% at 5 years; and 

50% at 20 years21,22.  

In isolation, one population-based cohort study demonstrated the cumulative 

probability of progressing to stricturing disease to be 15% at 10 years and 22% 

at 20 years23, although other studies reported higher rates of between 30 and 

50% within 25 years18,19.   

Currently there are no accurate predictive factors for developing stricturing 

CD, although the prospective multicentre TREAT registry and the ACCENT 1 

trial (see abbreviations) identified disease duration, severity of disease, ileal 

location and new corticosteroid use as risk factors24,25.  
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Of importance, it is unlikely that the fibrotic stricturing is merely the 

consequence of a chronic wound healing reaction26, as successful treatment and 

rapid resolution of active inflammatory CD with anti-tumour necrosis factor 

alpha (anti-TNFα) can be still associated with high incidence of transmural 

fibrostenotic disease27,28. A plausible explanation is that anti-TNF treatment 

tends to resolve submucosal inflammation and the defective wound healing (by 

reducing the excess of matrix metalloproteinases29,30), whereas deeper, 

transmural inflammation is not affected by anti-TNF31–33. 

Strictures are most common in the small bowel but are also seen in the colon 

where there is a higher association with dysplasia potentially progressing to 

malignancy34.  

 

1.1.3: Treatment  

There is no cure for CD, and the objective of medical therapy is to interrupt the 

natural history and induce and maintain remission with fewer medical 

interventions and without the need for surgery35.   

Medical intervention ranges widely from periods of exclusive enteral (liquid) 

diet and brief courses of corticosteroids to long-term immunomodulation36,37. 
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Treatment decisions are influenced by disease severity, location of disease and 

clinical phenotype combined with an attempt to predict those at risk of more 

aggressive progression38.  

Aggressive risk factors include, young age at diagnosis, extensive anatomical 

involvement, deep ulceration, previous surgical intervention and the additional 

complications of fistulae and stricture34.  

 

Meta-analysis has shown minimal benefit from the traditional inflammatory 

bowel disease medication, bowel specific aminosalicylates, in CD39. 

The foundation of medical therapy has become immunosuppression40.  

Options are limited to little more than a handful of agents:  

a. Thiopurines (azathioprine and 6-mercaptopurine)41; 

b. Methotrexate42; 

c. Anti-TNF , primarily infliximab and adalimumab43;  

d. Adhesion molecule inhibition, vedolizumab (anti-47-heterodimer)44,45; 

e. Interleukin-23 (IL) inhibition, ustekinumab (anti-p-40 subunit of IL-12 and 

IL-23) or risankizumab (anti IL-23A)46,47;  

f. Janus kinase inhibitor (JAKi), upadacitimib48.  
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Whilst the thiopurines proved to be a mainstay of immunosuppressive CD 

treatment since the Sixties, a Cochrane review (2016), has shown azathioprine 

and 6-mercaptopurine to offer no advantage over placebo for the induction of 

remission, and more recently supported by data attesting a lack of efficacy to 

alter the natural history of the disease41.  

Their contribution now limited to maintenance therapy in mild to moderate 

inflammatory phenotypic disease, or combination therapy with anti-TNF , 

providing steroid free remission superior to anti-TNF  monotherapy41,49.   

Of note, the contemporary use of therapeutic drug monitoring has finessed 

dosing and medication decisions50,51.   

A recent systematic review and meta-analysis also determined methotrexate 

to have little or no role for induction of remission but confirmed parenteral 

methotrexate to be efficacious in the maintenance of remission42.   

Anti-TNF  therapy was approved for use in CD in 1998 challenging the 

standard choice for acute medical treatment43.  

Significantly improved rates of response were observed, and it remains the 

most effective treatment for moderate to severe inflammatory CD and 

penetrating CD: inducing remission in 50 to 70% and maintaining remission in 

more than 40%; and fistula closure reported in 50%24,43,52. 
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Within the last decade vedolizumab (NICE approval 2015)44, ustekinumab 

(NICE approval 2017)46, risankizumab (NICE approval 2023) and upadacitinib 

(NICE approval 2023)48 have all been licenced for use in treatment of CD and 

early real-world data suggests both are effective safe treatment options, 

although presently, in the United Kingdom at least, these agents are reserved 

for use in patients who have failed to respond to, or lost response to, or where 

there is a contraindication to TNF-  inhibition, for example, active 

malignancy43.    

 

Most importantly, advances in medical therapy have not impacted on rates of 

surgical intervention, which can be substantially attributed to their lack of 

efficacy in treating or preventing stricturing disease, and which ultimately leads 

to stenosis and intestinal malfunction and obstruction53,54.  

Population-based cohort studies describe a cumulative risk of surgery between 

40 and 71% within 10 years of diagnosis. Surgery is not curative for CD and many 

patients will require multiple surgical interventions over their lifetime55–57. 
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1.2: Fibrostenosing phenotypes 

 

Historically, stricturing CD disease was believed the more indolent sibling to 

penetrating disease, despite a paucity of evidence for this concept, it is a 

perspective reflected in the established Vienna or Montreal Classifications of 

CD, where patients with fistulae are scored as having the highest level of disease 

complication irrespective of the presence of a stricture, and only classified as 

having a stricture if this is the only complication present21,58,59.  

Therefore, the incidence of strictures using these classifications is likely to be 

underestimated60.   

 

Strictures, resulting in the clinical picture of intestinal malfunction with or 

without obstruction, occur as a complication of CD. Inflammation of the 

intestinal wall alone can result in luminal narrowing, but a proportion of 

patients’ disease will be complicated by the development and progression of, as 

of yet an, irreversible transmural fibrosis resulting in stricture formation and 

stenosis19,31,61. 
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 A             B 

Image 1. Surgically resected fibrotic stricture from a patient with Crohn’s 

disease (A). Contrast follow through demonstrating a stricture in a patient 

with Crohn’s disease (B).  

 

 

The fibrosing phenotype disproportionately influences the natural history of CD 

in these patients, manifesting with more pain and intestinal dysfunction, which 

correlates to earlier and multiple surgical interventions60. 

 

Comparable to distribution of inflammatory CD, the most common location for 

de novo strictures is in the ileum and adjacent colon (40 to 55%)62,63, but can 

develop in any location affected by CD (25–40% ileum; 15–25% colon; 10% 

upper gastrointestinal tract)60,64,65.  
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1.2.1: Stricture diagnosis 

Symptoms correlate imperfectly with the presence of a stricture and when 

suspected, further investigation is essential19. 

 

Endoscopy   

The endoscopic scoring systems SES-CD and CDEIS define stenosis as an area 

that is impossible or difficult to pass with an adult colonoscope66, while the 

CrOhN’s disease anti-fibrotic STRICTure therapies (CONSTRICT group), to 

standardise diagnosis, has proposed the endoscopic definition of a stricture as 

inability to pass an adult colonoscope through the narrowed area without prior 

endoscopic dilation with a reasonable amount of pressure applied54,67. 

 

Histology 

Biopsies should be performed to aid in the exclusion of relatively superficial 

dysplasia, but of course, will miss the potential for neoplastic change in deeper 

layers of the diseased intestinal wall68.  

A large retrospective French study discovered dysplasia or malignancy in 2.4% 

of colonic stricture resection specimens, not previously identified by thorough 

endoscopic biopsy sampling69.  
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Although there are currently no validated histological scoring systems to 

quantify severity of fibrosis70, in 2023 the Stenosis Therapy Anti-Fibrotic 

Research (STAR) Consortium evaluated the appropriateness of histopathology 

scoring systems and published a summary of consensus key findings (Table 2)70.  
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Gross 

morphology  

Naïve and anastomotic strictures can be defined by gross examination alone 

Increased bowel wall thickness, decreased internal circumference and 

decreased luminal diameter must be present to diagnose a stricture 

Increased bowel wall thickness should be defined as measurement from the 

serosal aspect to the mucosal aspect 

Decreased internal circumference should be defined as an internal 

circumference measurement less than that of the uninvolved bowel wall 

Decreased luminal diameter should be defined as decreased luminal diameter 

measurement compared with the uninvolved bowel wall 

Creeping fat and fat wrapping should be defined as white adipose tissue 

extension from the mesenteric attachment to partly or wholly cover the 

antimesenteric aspect of the intestine 

Histopathology  A naïve or anastomotic small bowel stricture cannot be defined on microscopic 

examination alone 

A minimum of one cross section should be taken per centimetre length of 

stricture 

H&E staining must be performed before making a diagnosis of small bowel 

stricture on pathology 

Fibrosis of the submucosa is required to diagnose a small bowel stricture and 

should be defined as an increased collagen content in the stricture section 

compared with any non-stricture section 

A small bowel stricture on microscopic examination may be accompanied by the 

following changes: 

• Increased thickness of wall layers (from serosa to mucosa) compared 

with adjacent healthy bowel wall 

• Fibrosis of the submucosa or the bowel wall 

• Muscularisation of the submucosa or increased thickness of the 

muscularis mucosa compared with adjacent healthy bowel wall 

Active mucosal inflammatory disease should be defined as: 

• Neutrophilic inflammation in the lamina propria or any epithelium 

• Erosion or ulcer 

• Fistula 

Chronic mucosal inflammatory disease should be defined as: 

• Crypt architectural distortion or crypt loss 

• Pyloric gland metaplasia 

• Paneth cell hyperplasia 

• Basal lymphoplasmacytosis, plasmacytosis or fibrosis 

• Prominent lymphoid aggregates at the mucosa/submucosa interface 

Transmural inflammation should be defined as inflammation across all four 

layers of the bowel wall, and includes lymphoid aggregates, granulomas and 

fistula tracts, but not neutrophilic inflammation 

No existing histopathological score for grading inflammation and fibrosis in 

small bowel stricturing Crohn’s disease was considered appropriate 

Table 2. Summary of appropriate key findings on histopathological scoring of small 
bowel stricturing disease70. (Reproduced from Gut May 2021; I. Gordon et al)      
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Radiology  

Intestinal ultrasound (IUS), computed tomography enterography (CTE) and 

magnetic resonance imaging enterography (MRE) can identify stenosis with 

varying degrees of accuracy71. 

MRE appears most accurate in the evaluating the degree of fibrosis and 

inflammation within a stricture, differentiating mild-moderate and severe 

fibrosis with a sensitivity of 94% and specificity of 89%31,66.    

The CONSTRICT group define a stricture on cross sectional imaging as having 

and area characterised by localised luminal narrowing, bowel wall thickening 

and pre-stricture dilatation54. 

 

1.2.2: Defining a stricture  

Despite clinical acumen and advances in investigative modalities and 

techniques, until recently there was no established consensus definition of a CD 

stricture and consequentially no consistent recommendations on diagnosis and 

management in clinical practice72. 

Broadly defined, a stricture is a section of bowel with wall thickening, luminal 

narrowing and prestenotic dilation, which requires cross-sectional imaging for 
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accurate diagnosis and to assess the degree of coexistent active 

inflammation67,72.    

The complexity of this clinical phenotype was highlighted in August 2024 by the 

by the STAR Consortium, who ultimately published 9 descriptive statements 

regarding the clinical approach for the diagnosis of fibrostenosing CD including 

a compilation of clinical symptoms, endoscopic findings, histopathology and 

dedicated bowel imaging (Table 3)72.  

.  
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Statement 1: Symptoms indicative of the presence of fibrostenosing Crohn’s 
disease are cramping, dietary restrictions or changes, vomiting and 
abdominal pain after eating. 

Statement 2: Symptoms are not required to diagnose fibrostenosing Crohn’s 
disease. 

Statement 3: In clinical practice, fibrostenosing Crohn’s disease cannot be 
accurately diagnosed by clinical symptoms, physical examination, laboratory 
investigations, kidney, ureter, bladder plain radiography or endoscopic 
mucosal biopsies. 

Statement 4: In clinical practice, fibrostenosing Crohn’s disease can be 
accurately diagnosed by CT, MRI, IUS, endoscopy, intraoperative assessment 
by the surgeon and full-thickness histopathology. 

Statement 5: CT, MRI, IUS or endoscopy are required for the diagnosis of 
fibrostenosing Crohn’s disease. 

Statement 6: Fibrostenosing Crohn’s disease on CT, MRI or IUS is best 
defined by luminal narrowing, pre-stricture dilation and wall thickness. 

Statement 7: The inability to pass an adult or paediatric colonoscope is 
required to diagnose fibrostenosing Crohn’s disease. 

Statement 8: Cross-sectional imaging using CT, MRI or IUS, as well as 
endoscopy and mucosal biopsies, may assist in identifying active 
inflammation in fibrostenosing Crohn’s disease. 

Statement 9: Currently, no cross-sectional imaging modality is able to 
accurately determine the degree of fibrosis in fibrostenosing Crohn’s disease. 

Table 3. Consensus statements on definitions and diagnosis of fibrostenosing 

Crohn’s disease72. (Reproduced from Nature Reviews August 2024; D. 

Bettenworth et al)  
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1.2.3: Stricture treatment 

No medical therapy reverses fibrotic stenosis and once an individual becomes 

symptomatic physical intervention is required31,73.  

 

An option for short (< 5cm) endoscopically accessible strictures, in the absence 

of concurrent fistulation or malignancy, is balloon dilatation74. This minimally 

invasive intervention has been shown to be effective at symptom relief in 80% 

of cases; however, the requirement for repeat dilatation is substantial (37 to 

74%) with a diminishing success rate with each procedure75.  

This treatment modality provides only an interruption of this fibrosis 

complication, and ultimately 43% of patients will progress to surgical resection 

within 2 years31.    

 

Surgical options include segmental resection or stricturoplasty76.  

Stricturoplasty for short (< 10 cm) to medium (up to 25 cm) length strictures 

offers the benefit of being bowel-sparing, and, curiously, recurrence at the site 

of stricturoplasty is uncommon77.  

Larger strictures, or where stricturoplasty is not possible, may require 

segmental resection, but must this be tempered by a requirement to preserve 
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bowel length to prevent short bowel syndrome and potentially intestinal 

failure78.   

Furthermore, and in contrast to stricturoplasty, post-operative CD recurrence 

at the anastomosis commonly occurs, and a third of patients will require a 

second surgery by 10 years79.  

In the first post-operative year endoscopic (rather than symptomatic) 

recurrence is reported in 35 to 85% of cases and by the third year 85 to 

100%80.  

Surgical intervention shortly after diagnosis is associated with longer clinical 

remission, reduced risk of repeat surgery and decreased exposure to 

corticosteroids and monoclonal antibody therapy and can be the first choice of 

management in younger patients presenting with terminal ileal CD40. 

 

In 2024, the STAR Consortium published the first consensus strategic 

statements for appropriate medical, endoscopic and surgical treatment (Tables 

4, 5 and 6)72.  
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Statement 1: Cross-sectional imaging is required prior to making any 
treatment decision in naive or anastomotic fibrostenosing Crohn’s disease. 

Statement 2: Patients with Crohn’s disease with a naive or anastomotic 
fibrostenosing disease phenotype should undergo evaluation to assess for 
the presence of active inflammation prior to any intervention. 
Statement 3: No drug with proven specific intestinal anti-fibrotic effect is 
available. 

Statement 4: Patients with confirmed intestinal obstruction due to naive or 
anastomotic fibrostenosing Crohn’s disease should be hospitalized and 
treated by a multidisciplinary team. 

Statement 5: Anti-inflammatory medical therapy should only be considered 
if an active inflammatory component was confirmed in a patient with naive 
or anastomotic fibrostenosing Crohn’s disease. 

Statement 6: Bio-naive patients with symptomatic naive fibrostenosing 
Crohn’s disease can be treated with corticosteroids, anti-TNF agents with or 
without immunomodulators, ustekinumab, endoscopic balloon dilation or 
surgery. 
Statement 7: Bio-naive patients with symptomatic anastomotic 
fibrostenosing Crohn’s disease can be treated with corticosteroids, anti-TNF 
agents with or without immunomodulators, ustekinumab with or without 
immunomodulators, endoscopic balloon dilation or surgery. 

Statement 8: Bio-naive patients with asymptomatic naive fibrostenosing 
Crohn’s disease can be treated with anti-TNF agents with or without 
immunomodulators or ustekinumab. 

Statement 9: Bio-naive patients with asymptomatic anastomotic 
fibrostenosing Crohn’s disease can be treated with anti-TNF agents with or 
without immunomodulators or ustekinumab. 

Statement 10: In patients with anti-TNF treatment failure, symptomatic 
naive fibrostenosing Crohn’s disease should be treated with ustekinumab, 
endoscopic balloon dilation or surgery. 
Statement 11: In patients with anti-TNF treatment failure, symptomatic 
anastomotic fibrostenosing Crohn’s disease should be treated with 
corticosteroids, ustekinumab with or without immunomodulator, endoscopic 
balloon dilation or surgery. 
Statement 12: In patients with anti-TNF treatment failure, asymptomatic 
naive or anastomotic fibrostenosing Crohn’s disease should be treated with 
ustekinumab or endoscopic balloon dilation. 

Table 4. Consensus statements on medical treatment of fibrostenosing Crohn’s 

disease72. (Reproduced from Nature Reviews August 2024; D. Bettenworth et 

al)  
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Statement 1: Cross-sectional imaging (CT, MRI or IUS) should be performed before any endoscopic 

intervention in a patient with naive or anastomotic fibrostenosing Crohn’s disease. 

Statement 2: A reasonable treatment approach for short (<5 cm) naive fibrostenosing Crohn’s disease is 

endoscopic balloon dilation, strictureplasty and intestinal resection. 

Statement 3: A reasonable treatment approach for short (<5 cm) anastomotic fibrostenosing Crohn’s 

disease is endoscopic balloon dilation and intestinal resection. 

Statement 4: A reasonable treatment approach for long (>5 cm) naive fibrostenosing Crohn’s disease is 

strictureplasty and intestinal resection. 

Statement 5: Endoscopic dilation therapy in naive or anastomotic fibrostenosing Crohn’s disease is 

contraindicated in the presence of deep ulcers within the stricture, associated penetrating complications or 

malignant alterations associated with the stricture. 

Statement 6: Naive or anastomotic fibrostenosing Crohn’s disease longer than 5 cm should not be treated 

by endoscopic dilation therapy. 

Statement 7: For patients with naive or anastomotic fibrostenosing Crohn’s disease, endoscopic dilation 

using antegrade deployment of the through-the-scope balloon (not passing the stricture first, but pushing 

the deflated balloon through the stricture lumen in an antegrade fashion prior to inflation) is the preferred 

technical approach. 

Statement 8: The recommended time of balloon insufflation during endoscopic dilation of naive or 

anastomotic fibrostenosing Crohn’s disease is 60–90 seconds. 

Statement 9: The most adequate maximum balloon diameter at the end of the endoscopic dilation therapy 

of naive or anastomotic fibrostenosing Crohn’s disease is 15–18 millimetres. 

Statement 10: The recommended maximum number of steps for graduated dilation during one sitting for 

naive or anastomotic fibrostenosing Crohn’s disease is three. 

Statement 11: After successful endoscopic dilation therapy of naive fibrostenosing Crohn’s disease, the 

time to re-assessment should be determined by clinical symptoms, endoscopic appearance of the stricture 

and cross-sectional imaging appearance of the stricture. 

Statement 12: After successful endoscopic dilation therapy of anastomotic fibrostenosing Crohn’s disease, 

the time to re-assessment should be determined by clinical symptoms and cross-sectional imaging 

appearance of the stricture. 

Statement 13: In patients with naive or anastomotic fibrostenosing Crohn’s disease, medical anti-

inflammatory therapy should be escalated after dilation if active inflammation is visible within the stricture 

at the time of dilation. 

Statement 14: In appropriate patients with naive fibrostenosing Crohn’s disease, endoscopic balloon 

dilation has a high technical success rate, a favourable short-term clinical efficacy and an acceptable 

complication rate. 

Statement 15: In appropriate patients with anastomotic fibrostenosing Crohn’s disease, endoscopic balloon 

dilation has a high technical success rate, a favourable long-term clinical efficacy and an acceptable 

complication rate. 

Statement 16: Serial dilation of recurrent naive or anastomotic fibrostenosing Crohn’s disease is efficacious 

and feasible. 

Statement 17: The choice between surgery and repeated dilation in patients with naive or anastomotic 

fibrostenosing Crohn’s disease should be made based on technical feasibility, symptom-free interval, 

patient preferences, remaining bowel length, length of fibrostenosing Crohn’s disease, presence of 

inflammation at the site of the stricture and the location within the gastrointestinal tract. 

Statement 18: In routine clinical practice, it is not recommended to treat naive or anastomotic 

fibrostenosing Crohn’s disease with bare metal stents, anchored stents, removable stents, biodegradable 

stents or cutting techniques (for example, needle knife). 

Table 5. Consensus statements on endoscopic treatment of fibrostenosing Crohn’s disease72.  
(Reproduced from Nature Reviews August 2024; D. Bettenworth et al) 
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Statement 1: Strictureplasty should be the generally preferred option for 

anastomotic fibrostenosing Crohn’s disease with lack of accessibility via 

endoscope. 

Statement 2: The decision to perform strictureplasty in patients with naive 

or anastomotic fibrostenosing Crohn’s disease should be based on the length 

of stricture, the presence of multiple strictures, the history of intestinal 

resection and the length of the remaining bowel. 

Statement 3: The decision for the type of strictureplasty in patients with 

naive or anastomotic fibrostenosing Crohn’s disease should be based on the 

length of stricture, the presence of multiple strictures, the history of 

intestinal resection and the length of the remaining bowel. 

Statement 4: Intestinal resection should be the generally preferred option 

for naive fibrostenosing Crohn’s disease with associated abscesses, 

phlegmon, internal penetrating disease, dysplasia, malignancy and long-

segment fibrostenosing Crohn’s disease. 

Statement 5: Intestinal resection should be the generally preferred option 

for anastomotic fibrostenosing Crohn’s disease with associated abscesses, 

phlegmon, internal penetrating disease, dysplasia, malignancy, lack of 

accessibility via endoscope and long-segment fibrostenosing Crohn’s disease. 

Statement 6: The laparoscopic approach in naive or anastomotic 

fibrostenosing Crohn’s disease is preferable because of superior recovery, 

better cosmesis, fewer adhesions and incisional hernias, and similar surgical 

recurrence rates. 

Statement 7: After successful surgical stricture resection of naive or 

anastomotic fibrostenosing Crohn’s disease a structured follow-up strategy 

should include evaluation of obstructive symptoms, endoscopic evaluation 

and cross-sectional imaging of stricture recurrence. 

Statement 8: After successful surgical stricture resection of naive or 

anastomotic fibrostenosing Crohn’s disease the choice of anti-inflammatory 

therapy after surgery should depend on a thorough risk factor assessment. 

Table 6. Consensus statements on surgical treatment of fibrostenosing Crohn’s 

disease72.  (Reproduced from Nature Reviews August 2024; D. Bettenworth et 

al) 
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1.3: Pathogenesis of intestinal fibrosis 

 

The pathogenesis of intestinal fibrosis is poorly understood, but often described 

to occur because of dysregulated wound healing in the susceptible patient81. 

The prior concept of fibrostenotic strictures resulting as an inevitable 

irreversible consequence of long-term inflammation in treatment refractory 

CD82 patients has been challenged by recent advances in fibrogenesis 

research31,83.  Nonetheless, no study has described fibrostenotic strictures 

occurring outside areas of inflammation31,84.   

In physiological wound healing, damaged tissue is restored to normal structure 

by controlled tissue repair mechanisms85, while an uncontrolled and excessive 

response to tissue damage is characteristic in fibrosis83.  

In the presence of a transmural intestinal wound, fibroblasts, myofibroblasts 

(MF) and smooth muscle cells (SMC) accumulate in the site of the defect and 

secrete extracellular matrix (ECM) components, such as collagens and 

fibronectin to close the defect86–88. 

This process may be part of and which might help explain, the remarkable ability 

of the GIT for self-regeneration following short-lived and mild insults, as in 

infectious enteritis or mild diverticulitis86–88. 
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Theoretically, in the context of chronic unrestricted, perhaps unregulated, 

inflammation, as observed in CD, the attempt to repair the resulting ‘wound’, an 

excessive production of ECM components results in the unintentional effect of 

luminal narrowing, stenosis and ultimately obstruction31,89.   

Whereas, wound healing mechanisms of fibrosis are observed and well 

described in other fibrotic disorders of the GIT90 (in particular the liver91,92 and 

pancreas93), the initiating factors and their continuing influences can often be 

identified94. Eventually, the resulting end organ insult and injury can sometimes 

lead to damaging fibrosis94.    

Contrastingly, this is an over simplistic analogy in the context of IBD: Firstly, 

there is no identifiable perpetuating pathogenic factor; and secondly the 

transmural fibrogenic reaction in CD is initiated and, to a limited extent, driven 

by, a granulomatous type of inflammation, which should be distinguished from 

an injury wound and subsequent healing process95.  

Once initiated, intestinal fibrogenesis is self-perpetuating and proceeds in the 

absence of inflammation, as evidenced by the minimal effect anti-inflammatory 

treatment has on fibrosis81. 

The proposed cascade resulting in fibrosis begins with tissue injury and chronic 

intestinal inflammation mediated by both innate and adaptive immune 

responses, and resultant release of profibrogenic molecules96. 
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Unique to the GIT, multiple cell types may then become activated ECM-

producing MF97,98. ECM production is then regulated by the balance between 

ECM degrading matrix metalloproteinases (MMP), and MMP regulating tissue 

inhibitors of metalloproteinases (TIMP), which ultimately determines whether 

appropriate tissue repair or fibrosis results.  This balance is perturbed in the 

intestine of patients with fibrostenosing CD, where excess ECM production is a 

pathogenic feature of fibrosis (Figure 1)30,99–101. 
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Figure 1. Pathogenic steps of intestinal fibrosis in CD. ROS: reactive oxygen 

species; SMCs: smooth muscle cells; SEMFs: intestinal subepithelial 

myofibroblasts; ICC: intestinal cells of Cajal; EMT: epithelial to mesenchymal 

transition; Endo-MT: endothelial to mesenchymal transition; ECM: 

extracellular matrix58. (Modified from JCC October 2014; G. Latella et al) 
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1.3.1: Immune response 

Innate (genetically derived) and adaptive immune (insult driven) mechanisms 

are involved.  

The Th2 and Th17-type immune responses observed in IBD are both profibrotic, 

with the former being defined by IL-4, IL-5 and IL-13 production. In contrast the 

Th1-type immune response, expressing interferon-γ (IFN-Υ), has anti-fibrotic 

activity58,102.    

 
 

Considering fibrosis in general, it is appreciated that the communication 

between fibroblasts, macrophages, and CD4 T cells contribute to general and 

critical functions in initiating and perpetuating fibrosis, but also its resolution102. 

Although T cells activate fibroblasts and macrophages, their activation also 

starts negative feedback loops that limit the immune response to reduce 

fibrosis, of particular note when the Th2 cytokine IL-13 contributes to 

pathology102.  

In the presence of tissue damage, activated macrophages stimulate fibroblasts 

via various mediators, including transforming growth factor (TGF)-, platelet 

derived growth factor (PDGF) and IL-1, and promote inflammation by 

recruiting and activating monocytes and neutrophils, presenting antigens to CD4 

T cells, and modulating T cell responses with co-stimulation and cytokines102. 
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CD4 T cells coordinate the immune response, enhancing neutrophil recruitment 

with IL-17A, promoting macrophage activation with IL-4 and IL-13 or IFN-γ, and 

inducing collagen production by fibroblasts with IL-4, IL-13, and TGF-β102.  

Ultimately, fibroblast proliferation and activation and consequential synthesis 

of collagens, MMPs and TIMPs result in excess ECM production and deposition 

that is the hallmark of fibrosis (Figure 2)102.  

 

Conversely, phagocytosis of pathogenic cells or cellular material by activated 

macrophages, in addition to IL-10 meditated inhibition of profibrotic mediators, 

such as TGF-β, PDGF, and IL-1β, reverse MF activation.  Activated macrophages 

can also moderate the CD4 T cell response, in addition to reducing fibrosis by 

producing nitric oxide102.  

Fibroblasts produce IL-13Rα2, a decoy receptor for IL-13, and contract to seal 

lesions102.  

Fibrosis then resolves as activated fibroblasts die or return to a quiescent state 

and macrophages degrade the excess ECM with MMPs102. 
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Figure 2. Model of the initiation and perpetuation of fibrosis. Injury activates 
macrophages and fibroblasts, enabling macrophages to simulate fibroblasts 
with TGF-β, PDGF, IL-1β, and other factors. Macrophages also promote 
inflammation by recruiting and activating monocytes and neutrophils, present 
antigens to CD4 T cells, and modulate T cell responses with co-stimulation and 
cytokines. Fibroblasts also influence T cells. CD4 T cells coordinate the immune 
response with cytokines, enhancing neutrophil recruitment with IL-17A, 
activating macrophages with IL-4 and IL-13 or IFN-γ, and inducing collagen 
production by fibroblasts with IL-4, IL-13, and TGF-β. The combination of 
activating signals from the inflammatory environment, macrophages, and CD4 
T cells stimulate fibroblasts to proliferate and synthesize collagens, MMPs, and 
TIMPs that construct and remodel extracellular matrix and lead to fibrosis102. 
(Modified from Am J Physiol Gastrointest Liver Physiol February 2011; L. 
Barron et al) 
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1.3.2: Intestinal mesenchymal cell activation and derivation of myofibroblasts 

Unlike fibrotic disease of other organs, sources of ECM-producing MF in the 

intestine are not restricted to a few cell types97,98.  

The mesenchymal cellular compartment can be expanded by the products of 

TGF-1 driven Epithelial-Mesenchymal cell Transition (EMT), Endothelial-

Mesenchymal cell Transition (Endo-MT) and invasion of bone-marrow derived 

circulating fibrocytes81.  

Intestinal injury results in the reprogramming of pluripotent epithelial and 

endothelial cells, which lose epithelial or endothelial markers and initiate 

synthesis of α-smooth muscle actin (-SMA), experience cytoskeletal 

rearrangement, assuming a spindle shape, and migrate through the basement 

membrane from the compartment of origin to the interstitial space. Resultant 

production of ECM proteins, including collagen and fibronectin, is a significant 

contributor to the development of fibrosis81. 

 Evolutionary processes involved include: 

1. Through Endo-MT, endothelial cells lose their endothelial cell markers and 

acquire a mesenchymal phenotype, expressing α-SMA, vimentin, and 

collagen I81.  

2. Through EMT, resident tissue fibroblasts evolve from quiescent fibroblasts to 

cells expressing a MF phenotype81.  
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3. From tissue migration of bone marrow-derived circulating fibrocytes, 

capable of producing fibroblastic proteins. These cells express -SMA and 

collagen 1 characteristic of mesenchymal cells, and once recruited to sites of 

injury and inflammation differentiate into fibroblasts and MF, which not only 

respond to local profibrotic mediators, but also become sources of TGF-1 

and connective tissue growth factor (CTGF) to further cascade influence upon 

intestinal mesenchymal cells81.   

 

Each of these processes result in the presence of activated fibroblasts and MF 

within the intestinal wall at sites in injury81. 

 

Ultimately, chronic inflammation in CD and activation of the innate and adaptive 

immune systems results in release of cytokines and chemokines, elaboration of 

reactive oxygen species (ROS), release of pro-fibrotic cytokines and growth 

factors that result in activation of mesenchymal cells81.  Once activated, their 

largely autocrine, profibrotic program can continue, even in the absence of 

continued inflammation, resulting in excess ECM deposition in the intestine, 

architectural distortion, and stricture formation (Figure 3)81.    
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Figure 3. Activation of intestinal mesenchymal cells leading to fibrosis. TGF-β: 

transforming growth factor-β; IGF-1: inulin like growth factor-1; PDGF: platelet 

derived growth factor; bFGF: basic fibroblast growth factor; TNF-α: tumour 

necrosis factor-α; IL: interleukin; MMP: matrix metalloproteinase; TIMP: 

tissue inhibitors of metalloproteinases; TLR: toll-like receptor; MDP: muramyl 

dipeptide; Endo-MT: endothelial to mesenchymal transition; EMT: epithelial 

to mesenchymal transition81. (Modified from IBD July 2014; C. Li et al) 
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1.3.3: Activation, proliferation and regulation of myofibroblasts 

Myofibroblast (characteristically α-SMA, vimentin, collage I positive103) 

activation and excess ECM production is a hallmark of intestinal fibrosis81, and 

MF are distinctly phenotypically different in patients with Montreal B2 

fibrostenotic disease compared to those with non-B2 disease. Specifically, the 

migratory potential of subepithelial MF from CD patients is dependent on the 

underlying disease phenotype. MF from patients with fibrostenotic disease 

exhibit decreased migration, whereas those from patients with penetrating 

disease exhibit increased migration81,95.   

Numerous molecular mediators have been implicated in the activation, 

proliferation and regulation of ECM-producing MF, which synergistically act to 

promote excessive fibrosis, rather than orderly wound healing81,94,98.     

Paracrine signalling by multiple cytokines, particularly IL-1β, IL-6, IL-13, and TNF-

α; and growth factors, including TGF-β1, PDGF, CTGF, insulin like growth factor 

(IGF)-1 and -2, and basic fibroblast growth factor (bFGF), is observed98,104,105. 

Additionally, the highly synthetic activated MF are a rich autocrine source of 

many of these mediators106. 

Subepithelial MF also regulate the immune response. In normal intestine, they 

can regulate mucosal tolerance by supporting a FoxP3 positive regulatory T cell 

response, while in CD disease, MF are activated by the numerous paracrine 
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mediators in their environment that promote their proliferation and production 

of ECM. This has important implications on the crosstalk between subepithelial 

MF and epithelial cells, which respond to the paracrine stimuli from MF to 

increase their profibrotic TGF-β1 and TIMP-1 expression81. 

Separately and independently, luminal bacteria, almost certainly an important 

component of IBD aetiology, express Pathogen-associated molecular patterns 

(PAMPs), which activate immune and non-immune cells. PAMPs, including 

lipopolysaccharide (LPS), bacterial DNA and double-stranded RNA, bind to 

pattern recognition receptors, such as Toll-like receptors (TLR), triggering host 

defence, and activate immune and both pro-inflammatory and profibrotic gene 

expression58,97. 

TLR expression in non-immune cells is a key event leading to fibrosis, and 

increased expression of particularly TLR-3, -4, -6 and -7 is observed in CD, further 

promoting fibroblast differentiation into MF107. 

The renin-angiotensin system, specifically its principal effector, angiotensin II, is 

increased in CD intestine and influences all aspects of fibrogenesis, including cell 

growth, proliferation, differentiation, and apoptosis108. The production of TGF-

β1 is strongly stimulated by the local activation of angiotensin II and mediates 

the fibrogenic response to injury. Contrastingly, angiotensin II blockade closely 
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correlates to a reduction of TGF-1 expression, which can significantly improve 

or reverse fibrosis108.  

In trinitrobenzene sulphonic acid (TNBS)-induced chronic colitis-associated 

fibrosis model the angiotensin-converting enzyme inhibitor (ACEi), Captopril, 

was effective at preventing colorectal fibrosis and demonstrated that the 

antifibrotic action was mediated by a down-regulation of TGF-β1 

overexpression108,109.  

 

1.3.4: Smooth muscle cells  

Smooth muscle cells (characteristically α-SMA, desmin positive, collagen I 

positive), in addition to being an identifiable component of the resident 

intestinal mesencyhmal cell compartment 81, can differentiate or dedifferentiate 

towards a phenotype capable of producing large quantities of ECM proteins, 

particularly collagen I and III, fibronectin and vitronectin110,111 and profibrotic 

cytokines and growth factors81.   

 Three different subtypes of SMCs have been identified within a stricture using 

a combination of vimentin and two different antibodies that recognize α‐SMA 

(1A4 and CGA7)95: 
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1. Highly differentiated SMC (vimentin negative, 1A4 positive CGA7 positive) 

located in the muscularis mucosa and propria, where there is marked 

thickening with cellular hyperplasia and hypertrophy, appear intimately 

involved in the development of fibrosis95.  

2. Moderately differentiated SMC (vimentin positive, 1A4 positive, CGA7 

positive), are found along the borders between the submucosa and the two 

muscular layers95.  

3. Dedifferentiated SMC (vimentin positive, 1A4 positive, CGA7 negative) are 

occasionally found between the submucosa and the two muscular layers, 

infiltrating the submucosa95.   

 

The ubiquitous SMC in vascular pathology is postulated to be capable of 

switching towards a secretory phenotype with the ability to secrete ECM.  

It remains unknown whether such a phenotype has implications in CD stricture 

development95.  
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1.3.5: Fibroblasts  

Fibroblasts (characteristically vimentin positive, collagen I positive, N-cadherin 

positive, but α-SMA negative) are a more heterogeneous group of cells than MF 

or SMC and are found scattered throughout the wall of intestine where they are 

involved in the response to injury, resulting in either normal wound healing or 

the development of fibrosis81,95.  

In similarity with MF and SMC, fibroblasts proliferate and produce ECM in 

response to TGF-β1, other growth factors such as IGF, and profibrotic cytokines 

including TNF-α81.  

In fibrostenotic CD N-cadherin expression is upregulated in response to TGF-β1 

and increases fibroblasts migratory potential, in contrast to the reduced 

migration observed in subepithelial MF. This enhances infiltration of fibroblasts 

into the injured intestinal wall and this motility is further enhanced through 

autocrine production of the ECM protein, fibronectin81,112. 

The physical effect of ECM stiffening is itself capable of further activation of 

intestinal fibroblasts81.    
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1.3.6: Transforming growth factor-β 

Transforming growth factor-β [and the SMAD (see abbreviations) signalling 

pathway] is the central regulator in the injured and inflamed intestine, and while 

it has both wound healing and T-regulatory cell mediation properties, increased 

expression and activation is intrinsic to a core pathway of fibrosis (Figure 4)81,98. 

TGF-β exists in three isoforms: TGF-β1 and TGF-β3 expression is specifically 

increased in SMC, MF and fibroblasts of strictures; while TGF-β2 expression is 

increased in fibroblasts in the mucosal layer81,113,114. 

TGF-β is also involved in cellular differentiation, proliferation, transformation 

and immunoregulation58. 
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Figure 4. Relationship among several profibrotic and anti-fibrotic mediators in 

the development of fibrosis. IL: interleukin; CCL2: monocyte chemoattractant 

protein-1; CCL3: macrophage chemoattractant protein-1; PDGF: platelet 

derived growth factor; IGF-1: insulin like growth factor-1; TLR: toll-like 

receptor; TGF-β: transforming growth factor-β; CTGF: connective tissue 

growth factor; ECM: extracellular matrix; INF: interferon58. (Modified from JCC 

October 2014; G. Latella et al) 
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1.3.7: Extracellular matrix 

Excess ECM production is a pathogenic feature of fibrosis, and once activated is 

regulated between the balance of MMPs that degrade ECM, and TIMPs that 

regulate MMP activity30,99–101. 

The ECM is comprised of structural proteins, particularly collagen I, III and V; 

specialised proteins, including vitronectin and fibronectin; and matricellular 

proteins, such as osteopontin and thrombospondin. Within gastrointestinal 

strictures there is increased expression of all these proteins58,81. 

If ECM deposition exceeds degradation, then fibrosis may occur96,115. Twenty-

three (23) human zinc and calcium-dependent proteases, MMPs, can degrade 

all ECM proteins, which themselves are regulated themselves by four (4) 

TIMPs116, and both are produced by epithelial, endothelial, and mesenchymal 

cells and macrophages. These are activated by proteolytic cleavage30,81,99,117, but 

it is unclear in CD, however, which specific MMPs and TIMPs are involved in 

fibrosis and how they are regulated58.   

Known profibrotic cytokines and growth factors such as TGF-β and TNF-α can 

regulate MMP expression and promote fibrosis. In MF, TGF-β down-regulates 

MMP-1 and -3 expression, while enhancing TIMP-1 expression. TNF-α decreases 

MMP-2 activity and increases TIMP-1 expression99. 
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1.3.8: Genetic associations 

Whilst those patients who will develop fibrostenotic CD cannot be predictively 

identified, in this polygenic disease, patients carrying polymorphisms of certain 

genes, are more susceptible118–120. For example, the ATG16L gene, involved in 

autophagy, favour fibrosis; NOD2/CARD15 gene, responsible for bacterial 

muramyl dipeptide (MDP) recognition, is associated with aggressive, often 

fibrostenotic disease; and the cytokine receptor gene and member of the 

Th17/IL-23 pathway, IL-23R, stricturing ileal disease121.  

TLR variants, particularly TLR4, are associated with increased fibrostenotic small 

bowel CD107,122; TGF-β polymorphisms are associated with stricturing disease 

and shorter time to surgical resection123; and MMP-3 single nucleotide 

polymorphisms (SNP) increase the chance of stenotic complications124. 
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1.4: Treatment modelling 

 

Conventional IBD therapy has not made an impact on the incidence of stenotic 

complications in CD, and despite there being significant insight into 

fibrogenentic mechanisms, no clinically applicable anti-fibrotic treatment 

currently exists58.  

Many components of fibrogenesis including fibrogenic molecules, are 

considered potential therapeutic targets, but anti-fibrotic treatments remain at 

either a conceptual or early experimental stage31,83.  

 

A. Inhibition of TGF-β signalling would appear a logical strategy, however, 

attempted blockade of the TGF-β fibrotic pathway is problematic as TGF-

β, SMAD2 and SMAD4 disruptions are lethal31,58. 

In animal models of fibrosis, deletion of TGF-β protein, its receptors, or 

SMAD proteins, other than SMAD 3, are generally lethal mutations or a 

feature of neoplastic cells81.  

Furthermore, and paradoxically, TGF- has immune-regulatory functions, 

including inducing regulatory T-cells, and so suppression of which could 

exacerbate inflammation125.      
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SMAD3 deletion mutants either developed a lethal wasting syndrome in 

association with immunodeficiency, or metastatic adenocarcinoma of the 

colon126–128. 

 

B. TGF-βRI/II receptors expressed by mesenchymal cells are linked to 

canonical SMAD2/3 signalling pathway129. Binding of active TGF-β1 to 

TGF-βRI/II receptors in human intestinal muscle activates canonical SMAD 

signalling, r-SMAD2/3 phosphorylation, and increased collagen I 

production that accounts for approximately 70% of collagen present in 

the intestine110,129. Monoclonal antibody inhibition of integrin αVβ6, 

involved in activation of latent TGF-β, reduce tissue levels of TGF-β1 and 

TGF-β2, αSMA, CTGF and TIMP1, and could potentially impact on 

fibrosis98,130. 

 

C. Resultant upon the renin-angiotensin system positively influencing 

fibrosis, the use of ACEi and angiotensin 1 receptor antagonists influence 

intestinal fibrosis, but not to therapeutic levels, apparently by reducing 

TGF-β1 and CTGF expression108.  

 



 

 
69 

D. The trinitrobenzenesulfonic acid (TNBS) induced colitis is the best 

characterised murine model of inflammation-induced fibrosis, and 

increased expression of TGF-β1 and IGF-1 is observed. In this model, the 

non-specific cyclo-oxygenase (COX) inhibitor, Indomethacin, can be 

administered to induce intestinal inflammation and fibrosis, a process 

that can subsequently be decreased with treatment of prostaglandin E2 

(PGE2)58,131. PGE2 significantly decreased ECM deposition by reducing 

TGF-β, collagen and TIMP expression, while increasing MMP 

expression58,131.   

 

E. A study in 2018 demonstrated that IL-17 inhibition significantly decreased 

profibrogenic cytokines and reduced fibrogenesis related TIMP-1 and 

MMP-2 gene expression in TNBS mice; however, previous clinical trials in 

CD patients with IL-17 monoclonal antibodies, secukinumab and 

brodalumab, only worsened disease activity73,132.  

 

F. Thalidomide has been shown to inhibit in vivo intestinal fibrosis by 

regulating TIMP/MMP protein balance and degradation of ECM133,134.   
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1.5: Summary 

 

Certainly, many key cells and profibrotic [and antifibrotic] signalling pathways 

that mediate them have been identified58.  

Simplistically, in CD, following initiative gastrointestinal inflammation, a 

predominantly TGF-β driven fibrotic cascade is triggered, affecting 

mesenchymal cell activation and cell differentiation to ECM-producing MF81,95.  

Excess, dysregulated ECM production, mediated by MMP/TIMP balance, results 

in fibrotic distortion of the intestine and stenosis81,135. 

At all points of this imbalanced pathway, synergistic effects and positive 

feedback, or the absence of negative feedback, only serve to exacerbate the 

fibrotic process and project this beyond the production of an innocent simple 

scar, into a damaging fibrotic mass73,95. 

 

However, it is clear this hypothesis does not satisfactorily translate to explain 

the whole clinical picture of CD or of the fibrostenosing phenotype of CD.  

Firstly, and counter-intuitively, areas of severe luminal inflammation, if left 

uncontrolled, surprisingly do not consistently become fibrotic strictures19,31. 

Secondly, control of inflammation, should theoretically prevent fibrosis 

altogether, but rates of strictures remain unchanged, despite the increased 
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remission and maintenance of remission rates anti-inflammatory monoclonal 

antibody therapy has delivered31.     

 

At a clinical level there is a need to identify predictive biomarkers specific to 

fibrostenosing CD136. 

Identification of such parameters, at diagnosis or during the natural history of 

the disease, could determine tailored follow up management and more 

informed treatment decisions137. 

Such observations would inevitably stimulate the development and evaluation 

of anti-fibrotic medication.   
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2: AIMS AND OBJECTIVES  

 

The overall objective of this research project is to contribute to the 

understanding of the mechanisms of intestinal fibrosis in CD: 

 

1. Primarily by observing and determining differences in intestinal tissue 

from strictured and non-strictured areas resected from individual 

patients. 

2. Observing and determining differences in isolated human MF harvested 

from both strictured areas and surrounding non-strictured areas of 

intestine resected from individual patients in Italy and donated to this 

study.           

 

Given the current limited understanding of the CD fibrogenic process and its 

translation to the clinical phenotype83, the project is aimed at providing a 

framework of information based on modern and accurate cellular methodology 

that will represent the basis for further mechanistic analysis. 
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Hypothesis 1:  

Only intestinal MF isolated from strictured tissue will proliferate and 

demonstrate activation.  

Aim 1: Identify differences in proliferation and activation of human intestinal 

MF from CD patients.  

Hypothesis 2:  

Intestinal MF isolated from fibrotic strictured tissue show higher fibrogenic 

activation than those assumed dormant MF isolated from adjacent non-

strictured tissue.  

Aim 2: Explore factors that may increase or suppress activation and migration 

of human intestinal MF obtained from strictured and non-strictured tissue from 

individual CD patients.   

Hypothesis 3: 

Relative expression of profibrotic genes will be higher in strictured than non 

strictured tissue.   

Aim 3: Determine whether relative expression of known profibrotic genes in CD 

differs between tissue obtained from strictured and non-strictured areas of 

intestine resected from individual CD patients.  



 

 
74 

3: MATERIALS AND METHODS 

 

3.1: Ethics 

 

3.1.1: Myofibroblasts (donated from the University of Pavia) 

Ethical approval was granted in Italy to isolate myofibroblasts (MF) from human 

Crohn’s disease (CD) intestine in Pavia, Italy. Informed consent, obtained by 

local physicians, was obtained from identified potential patient donors prior to 

tissue collection from either surgical resection or endoscopic biopsy.     

 

3.1.2: Tissue and Blood Collection at the Royal Free Hospital, London 

For purposes of research detailed in the published protocol, “Exploring the 

Mechanisms of Intestinal Fibrosis in Stenotic Phenotypes of Crohn’s Disease”  

(REC reference: 14/LO/1701; protocol number: 14/0244; IRAS project ID: 

144029).   

1. Ethical permission was obtained from London Riverside Ethics 

Committee, NHS Health Research Authority on 2nd December 2014. 

2. Ethical permission was granted on 5th February 2016 for an additional 

amendment to (1).   
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Permitting the donation of tissue and blood samples from patients from patients 

with CD and from control patients without CD.  

Informed consent was obtained from identified potential patient donors a 

minimum of 7 days after they had received the patient information sheet, and 

prior to tissue collection from either surgical resection or endoscopic biopsy.  

 

 

3.2: Materials  

 

3.2.1: Patients Studied 

The following patients were recruited into this study: 

Patient 1: Colonic MF samples from Italy – Montreal classification for 

location and behaviour L2 B1 

Patient 2: Ileal MF samples from Italy – Montreal classification for 

location and behaviour L2 B1 

Patient 3: Colonic samples from UK – Montreal classification A2 L2 B2, 

with prior anti-TNF and thiopurine therapy exposure  

Patient 4: Ileal and colonic samples from UK – Montreal classification A3 

L1 B2, with prior anti-TNF and thiopurine therapy exposure 
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Samples from these patients were not exposed to all experiments and are 

relevantly indicated in the described experimental protocols. 

 

3.2.2: Human Myofibroblasts Source  

Human MF were isolated from human ileum of one CD patient, and from a 

separate patient with colonic CD, from tissue obtained either from surgical or 

biopsies at colonoscopy. 

Isolated MF were donated by Professor Antonio Di Sabatino, First Department 

of Internal Medicine, St Matteo Hospital, University of Pavia, Pavia, Italy, 

isolated using established published techniques138,139.    

Three separate subtypes of MF were isolated and cultured by colleagues in Italy.  

Suitable sample yields were then transported to our laboratory frozen on dry ice 

(minus 78.5C), and subsequently vials of cells stored in liquid nitrogen.   

The following methodologies describe below identify the standardised methods 

of native MF isolation and validation in Italy prior to dispatch. 

All subsequent methodologies are those which were performed in our UK 

laboratory by me upon thawing cells to produce workable, reliable yields of MF 

for study.  
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3.2.3: Human Myofibroblast Subtypes (Italy) 

The CD patients from whom the MF were isolated had the following phenotypes 

(Table 7):  

Patient 1: CDhuIC-4 MF (Sample 1) were isolated from inflamed, non-

strictured colonic mucosa. 

Patient 2: CDhuUI-2 and CDhuSI-2 MF were obtained respectively from 

specimens of two separate locations from this single patient with 

stricturing small bowel CD.  

CDhuUI-2 MF (Sample 2) from uninflamed, non-strictured ileal mucosa, 

and CDhuSI-2 MF (Sample 3) from established strictured ileal mucosa.    

 

Myofibroblast 
group 

Assigned 
nomenclature  

Location and 
macroscopic 
appearance of 
intestinal mucosa   

Patient Montreal 
classification for 
location and 
behaviour 

Sample 1 

(Patient 1) 
CDhuIC-4 

Inflamed, non-

strictured colon 
L2 B1 

Sample 2 

(Patient 2) 
CDhuUI-2 

Uninflamed, non-

strictured ileum 
L1 B2 

Sample 3 

(Patient 2) 
CDhuSI-2 

Uninflamed, strictured 

ileum 

Table 7. Isolated myofibroblast nomenclature and corresponding patient 

phenotype. 
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3.2.4: Myofibroblast Isolation (Italy) 

Methodological details of standardised isolation form tissue specimens 

obtained in Italy138,139.  

For each specimen the mucosa was removed from other layers of the tissue 

sample; cut into 3mm fragments; washed with HBSS to remove mucus; and 

incubated with agitation in 10 ml 1 mM EDTA plus 1 mM HBSS at 37°C in a 

humidified atmosphere of 5% CO2 and 95% air for 10 minutes.  

The mucosa fragments were then further dissected into smaller pieces and 

incubated with agitation in 20 ml of Gibco® by Life Technologies Dulbecco’s 

Modified Eagle Medium (DMEM), supplemented with 20% (100 ml in 500 ml 

DMEM) foetal bovine serum (FBS), 5 ml [in 500 ml DMEM] of Sigma Life Science 

Penicillin-Streptomycin (10,000 units-10 mg), 0.6 ml [in 500 ml DMEM] of Sigma 

Life Science Gentamicin solution (50 mg/ml), 1mg/ml collagenase Ia (0.2 μm 

filtered), and 10 U/ml DNase I at 37°C in a humidified atmosphere of 5% CO2 and 

95% air for 1 hour.  

Subsequently, the mucosal fragments and medium were mechanically disrupted 

repeatedly with a syringe and passed through a 100 μm cell strainer into a 50 ml 

Falcon tube; extra medium added as necessary to achieve a final volume of 40 

ml; and centrifuged at 1500 rpm at 4°C for 10 minutes.  
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The resulting pellet was re-suspended in 1 ml pre-warmed Gibco® by Life 

Technologies Dulbecco’s Modified Eagle Medium (DMEM), supplemented with 

20% (100 ml in 500 ml DMEM) foetal bovine serum (FBS), 5 ml [in 500 ml DMEM] 

of Sigma Life Science Penicillin-Streptomycin (10,000 units-10 mg), 0.6 ml [in 500 

ml DMEM] of Sigma Life Science Gentamicin solution (50 mg/ml), and cell 

(lamina propria mononuclear cells [LPMC]) count performed.  

Identified LPMCs were seeded in 25 cm2 flasks (2×106 cells/flask) and incubated 

at 37°C in a humidified atmosphere of 5% CO2 and 95% air.  

Cells were checked at 24-hour intervals, and medium changed if and when MF 

adhered to the flask.  

The MF culture cycles were repeated to the satisfaction of the Italian group in 

the provision of sufficient workable material for transportation to the UK on dry 

ice (minus 78.5C).   
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3.3: Methods  

 

3.3.1: Myofibroblast culture and characterisation (Italy and UK) 

Methodological details of the culture of isolated MF performed in Italy at initial 

harvest and subsequently in the UK for yield gains on thawed samples. 

The obtained MF were cultured in Gibco® by Life Technologies Dulbecco’s 

Modified Eagle Medium (DMEM), and 500 ml volumes were supplemented with 

100 ml FBS (20%), 5 ml [1%] of Sigma Life Science Penicillin-Streptomycin 

(10,000 units-10 mg), and 0.6 ml [0.12%] of Sigma Life Science Gentamicin 

solution (50 mg/ml), constituting and subsequently referred to as complete 

medium (CM).     

MF were cultured under standard conditions at 37°C in a humidified atmosphere 

of 5% CO2 and 95% air. The CM was routinely renewed 3 times a week, and cells 

were tested regularly for any mycoplasma contamination employing 

Polymerase Chain Reaction (PCR) and performed in by the Institute for Liver and 

Digestive Health at the Royal Free Hospital and Italy. 

In Italy passaging was performed to provide that considered sufficient for 

delivery to the UK and further culture locally. 

The harvested MF were subjected to characterisation and validation in Italy 

using the following antibodies: Anti–α-smooth muscle cell actin (clone 1A4; 
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DAKO, High Wycombe, UK), antivimentin (clone V9; Santa Cruz Biotechnology, 

Wiltshire, UK), anti-PR2D3, antidesmin (clone D33; DAKO), anti–cytokeratin-18 

(clone CY-90; AbCam, Cambridge, UK), anti-CD3 (clone UCHT1; DAKO), anti-

CD68 (clone PG-M1; DAKO), and appropriate isotype-matched controls (Sigma-

Aldrich)140. 

In the UK, following thawing and culture of the native MF samples from Italy, 

experiments were performed on locally harvested MF between passages 7 and 

9.  

 

3.3.2: Myofibroblast Morphology (UK) 

Myofibroblasts cultured in CM were photographed using white light microscopy 

magnification to assess and describe basic morphology141.  

Myofibroblasts share morphological features with conventional tissue 

fibroblasts and contractile SMC, which are found in the colonic mucosa. MF and 

fibroblasts are spindle shaped cells with a flattened oval nucleolus often with 

long thing cytoplasmic extensions142.  

 

 

 

 



 

 
82 

3.3.3: Myofibroblast Proliferation and Activation (UK) 

 

Proliferation: 

To establish a baseline comparison of the behaviour of the three distinct 

samples, MF were cultured in either CM or serum free medium (SFM) for 48 

hours and differences in proliferation were assayed using Bromodeoxyuridine 

(BrdU) incorporation143,144.  

 

Bromodeoxyuridine (BrdU) incorporation assay 

Cell proliferation was quantified by BrdU Cell Proliferation ELISA kit (Roche). The 

assay is based on the replacement of thymidine by the pyrimidine analogue 

bromodeoxyuridine (BrdU) in proliferating cells. A colorimetric immunoreaction 

as a measure of BrdU incorporation into newly synthesized cellular DNA can be 

detected photometrically (Omega Plate Reader, absorbance at 370 nm)143,144. 
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Activation: 

Parameters of activation, following incubations either for 24 and 48 hours were 

analysed using Western blot analysis of the established protein markers; α-SMA, 

ERK and phosphorylated ERK expression88,141.  

 

Western blot  

Western blot requires the collection of a cell lysate of the culture, which can be 

assessed for protein content. Successful samples are then subjected to SDS-

PAGE electrophoresis145.  

Separated products of the electrophoresis, can then be exposed to specific 

target marker antibodies with marker-antibody complexes then being identified 

by generic antibody counterstaining145. 

 

Total protein cell lysate 

Harvested cultured cells, obtained by scraping the flask wall, were washed with 

1x phosphate buffered saline (PBS), then, following the addition of total protein 

lysis buffer (RIPA: 20mM Tris-HCl pH7.6, 150 mM sodium chloride, 5 mM EDTA, 

1% NP-40 (nonylphenoxypolyethoxylethanol), 1mM phenylmethylsulfonyl 

fluoride (PMSF), 1x Protease Inhibitors Mix, 1mM Na3VO4, and 1mM sodium 
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fluoride), the cell harvest was  sonicated with the ‘Ultrasonic Processor’ (Sonics, 

Vibra-Cell) at an amplitude of 50, centrifuged at 11,000 rcf at 4°C for 10 minutes. 

This treatment produced lysate which was then used or stored at minus 80°C. 

 

Protein quantification 

Protein concentrations were assayed using, a bicinchoninic acid (BCA).  

The assay was used according to manufacturer’s protocol (Micro BCATM Protein 

Assay Kit, Thermo Scientific), and is a method identifying the formation of a 

purple-coloured reaction product, determined by the reduction of Cu2+ ions by 

present protein. The reaction product exhibits absorbance at 562 nm, which 

correlates linearly with increasing protein concentration (Fluostar Omega Plate 

Reader [BMG Labtech]).  

 

SDS-PAGE 

To separate proteins, protein lysates prior to loading onto gel substrate, were 

supplemented with 4x Laemmli Sample Buffer (Bio-Rad) containing 5% β-

mercaptoethanol and boiled.  

Subsequently, 25 μg aliquots of protein lysate were loaded on 10% acrylamide 

gels (separating gel: 10% acrylamide mix, 0.4M Tris [pH 8.8], 0.1% SDS, 0.1% 
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ammonium persulfate, 0.001% TEMED, H2O; stacking gel: 5% acrylamide mix, 

0.1M Tris [pH 6.8)], 0.1% SDS, 0.1% ammonium persulfate, 0.001% TEMED, H2O).  

An exception to this protocol, was employed for protein lysates used for 

collagen 1 expression analysis. In these specific experiments, where non-

denatured, non-reduced protein provided optimal results, β-mercaptoethanol 

was not added and samples were not boiled.   

Electrophoresis was performed using, 100-150V applied for 90-150 minutes. 

Mini PROTEAN® System (Bio-Rad) was used with 1x Running Buffer (Ultra-Pure 

10x Electrophoresis Grade, 0.25M Tris, 1.92M Glycine, 1% SDS, GeneFlow). 

Precision Plus ProteinTM Standards Dual Colour (Bio-Rad) was employed as 

protein standard control run.  

To verify equal loading of samples, aliquots of tubulin or vinculin were added 

and subsequently identified synchronously by later antibody detection. 

Separated proteins were blotted from the gel to a polyvinylidene fluoride (PVDF) 

membrane (Immobilon-P Transfer Membranes, MilliporeTM) by wet transfer at 

100V for 75 minutes with a transfer buffer containing 25mM Tris, 192mM 

Glycine and 10% Methanol. 

The PVDF membranes were stained pink with Ponceau S solution (0.1% (w/v) in 

5% acetic acid, Sigma) to visually verify the successful transfer of protein 

indicated by the development of a pink colour. 
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Antibody incubation 

Membranes were blocked with 5% Bovine Serum Albumin (BSA, Sigma) in Tris 

Buffered Saline with 0.1% Tween-20.  

Primary targeting antibodies were incubated overnight at 4°C, or for 1 hour at 

room temperature.  

After washing, specific secondary antibodies coupled with horseradish 

peroxidase were applied for 1 hour at room temperature. 

Following incubation, SuperSignal® West Pico Chemiluminescent Substrate 

(Thermo Scientific) was used to develop signals from control markers and test 

sample. 

To facilitate the investigation of more than one target protein on a single blot 

each specific antibody was stripped with RestoreTM PLUS Western Blot Stripping 

Buffer (Thermo Scientific) between antibody incubations.  

Antibodies are listed in table 8. 
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Antibody Species  Company 

Alpha-smooth muscle actin ab5694 Rabbit Abcam 

p44/42 MAPK (Erk 1/2) (137F5) ♯4695 Rabbit Cell Signaling Technology 

Phospho-p44/42 MAPK (Erk 1/2) 

(Thr202/Tyr204) (D13.14.4E) XP  ♯4370 

Rabbit Cell Signaling Technology 

α-Tubulin ♯2144 Rabbit Cell Signaling Technology 

Collagen 1 NB600-408  Rabbit Novus Biologicals 

Anti-Vinculin [EPR8185] ab129002 Rabbit Abcam 

Table 8. Primary antibodies for western blot analysis. 

 

Subsequently, further proliferation and/or activation experiments were also 

performed using these same common techniques on every occasion MF 

subtypes were cultured in differing incubation conditions. 
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3.3.4: Preparation of Conditioned Medium  

Conditioned medium (CndM) is the resultant culture medium obtained 

following a period of culture of an MF subtype in SFM. This medium is retained 

in the likelihood of it containing components secreted by the incubated MF as 

previously demonstrated by our laboratory146–149.  

Conditioned medium of an individual MF subtype was obtained by culturing 0.3 

x 106 MF in 35 mm culture wells in CM.  

After 24 hours, cells were washed three times with HBSS and incubated in 

serum-free medium (SFM) for 48 hours.  

Conditioned medium was collected by centrifugation at 1000 rpm at 21°C for 10 

minutes to remove cellular debris. 

 

3.3.5: Cross Incubation Experiments 

These experiments were designed to investigate the possibility of paracrine 

mechanisms operating by soluble secreted cell products within the culture 

medium150,151. 

Each MF subtype was cross cultured in, conditioned medium (CndM) obtained 

from each of the other MF subtypes (Table 9). 

MF were plated on a cell culture dish (6 wells) in CM and after 24 hours were 

washed with HBSS and culture continued in SFM for a further 24 hours.  
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These serum starved cells were then each incubated with CndM of opposing MF 

subtypes, but in only 4 of the 6 wells. 

Two of the 6 wells were controls where in each, the serum starved MF were 

incubated with fresh CM (positive active control) or SFM (negative control). 

MF activation and proliferation was assessed after 48 hours. 

 

Myofibroblast cell 

subtype 
Conditioned culture medium derived from: 

Sample 1 (CDhuIC-4) Sample 2 (CDhuUI-2) Sample 3 (CDhuSI-2) 

Sample 2 (CDhuUI-2) Sample 1 (CDhuIC-4) Sample 3 (CDhuSI-2) 

Sample 3 (CDhuSI-2) Sample 1 (CDhuIC-4) Sample 3 (CDhuSI-2) 

Table 9. Cross incubation with conditioned media. 
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3.3.6: Treatment of Myofibroblasts with TGF-β1 

To further investigate factors involved in activation of MF specifically obtained 

from different areas of small bowel, MF from both sample 2 (CDhuUI-2) and 

sample 3 (CDhuSI-2) of the patient with a stricturing phenotype of CD, were 

cultured in SFM but separately containing two different active concentrations 

(2ng/mL and 10ng/mL) of the known profibrotic mediator TGF-β1152,153 (R&D 

systems, Minneapolis, MN, USA).  

These experimental concentrations of TGF-β are known to exert a profibrotic 

effect in hepatic stellate and intestinal cells154,155. 

MF were plated on a cell culture dish (6 wells) in CM and after 24 hours were 

washed with HBSS and culture continued in SFM for a further 24 hours.  

These MF subtypes were then separately in parallel, exposed to two 

concentrations of TGF-β (2ng/ml and 10ng/ml), prepared in SFM in 4 of the 6 

wells.  

Two of the 6 wells were controls where in each the serum starved MF were 

incubated with fresh CM (positive active control) or SFM (negative control). 

After 24 hours incubation protein extraction experiments were performed to 

assess only MF activation. 
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3.3.7: Collagen 1A Analysis  

Collagen 1A (COL1A) could be an expected product found in synthetically active 

MF156,157. 

Western blot was performed to explore any expression of COL1A, a major 

structural protein of the extracellular matrix58,155. 

Samples used (sample 2 [CDhuUI-2] and sample 3 [CDhuSI-2]) were from patient 

2 with the fibrotic phenotype of CD, and incubated with CM and SFM and 

exposed to TGF-β at the two concentrations of 2 and 10 ng/ml. 

 

3.3.8: Wound Scratch Assay  

A wound scratch assay was performed to assess differences in migration158 of 

the two MF subtypes, CDhuUI-2 (sample 2) and CDhuSI-2 (sample 3).  

Following initial culture, the cell monolayer on each 6 well plate was scraped 

with a p200 pipette tip to create a ‘wound ’or ‘scratch’. Cells were washed in the 

corresponding culture medium to remove debris and the specific medium then 

replaced159. 

 

 



 

 
92 

Migration of MF into the wound was simultaneously assessed at 24 hours and 

48 hours post scratch using white light microscopy magnification under certain 

conditions:  

1. On MF cultured in standard conditions (CM and SFM).  

2. On MF harvested from cross cultured incubations as previously described 

section 3.3.5.   

3. On MF incubated in medium treated with 2 ng/ml TGF-β.  

 

3.3.9: RNA Isolation 

In a completely separate series of experiments performed on tissue from patient 

3, macroscopically uninflamed samples from strictured and non-strictured 

colonic mucosa were obtained by biopsy at colonoscopy.  

Two samples from macroscopically normal mucosa (site numbers 1 and 2) were 

taken in addition to two samples from an established colonic stricture (site 

numbers 3 and 4). (Table 10). 

RNA was isolated from these samples and was then analysed for relative 

expression of genes known to influence fibrogenesis.  

Clinically, polymorphisms in NOD2 and IL-23R genes have well documented 

associations with aggressive fibrostenotic disease, particularly ileal and 



 

 
93 

stricturing disease respectively121. It is not known whether this patient has 

polymorphisms for NOD2 or IL-23R.  

Chosen probes spanned exons known to be devoid of possible naturally 

occurring single nucleotide polymorphisms (SNPs company information), it was 

considered important and worthwhile to assess relative mRNA expression of 

these genes. 

 

 

 Location and macroscopic appearance of intestinal mucosa 

of Patient 3   

Site 1 Colon – non-strictured, uninflamed 

Site 2  Colon – non-strictured, uninflamed 

Site 3  Colonic stricture – uninflamed 

Site 4  Colonic stricture – uninflamed 

Table 10. Colonic biopsy nomenclature and sample location appearance. 

 

 

RNA was isolated using the RNeasy mini Kit (Qiagen) according to the 

manufacturer’s protocol. Purity and RNA concentration were measured with 

NanoDrop spectrophotometer (Thermo Scientific)160.  
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Complementary DNA (cDNA) was synthesised with MultiScribe reverse 

transcriptase, random primers, deoxyribose nucleoside triphosphate (dNTP) mix 

and RNase inhibitor (Applied Biosystems). 

 

3.3.10: Gene Expression – Quantitative real-time PCR 

Gene expression was measured by quantitative real time PCR (qPCR) using 

TaqMan gene assays (Applied Biosystems) (Table 11)161. The comparative CT 

method was employed to quantify gene expression162, using Glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) as internal control.  
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Gene Assay Identification  Company 

 

GAPDH Hs02758991_g1 Applied Biosystems 

NOD2 Hs00223394_m1 Applied Biosystems 

IL-23R Hs00332759_m1 Applied Biosystems 

COL1A1 Hs00164004_m1 Applied Biosystems 

COL3A1 Hs00943809_m1 Applied Biosystems 

LOX Hs00942480_m1 Applied Biosystems 

TNF-α Hs01113624_g1 Applied Biosystems 

TGF-β Hs00998133_m1 Applied Biosystems 

ACTA2 Hs00426835_g1 Applied Biosystems 

TIMP-1 Hs00171558_m1 Applied Biosystems 

MMP-2 Hs01548727_m1 Applied Biosystems 

MMP-9 Hs00234579_m1 Applied Biosystems 

IL-6 Hs00985639_m1 Applied Biosystems 

IL-1B Hs01555410_m1 Applied Biosystems 

CCL2 Hs00234140_m1 Applied Biosystems 

IL-8 Hs00174103_m1 Applied Biosystems 

IL-12B Hs01011516_g1 Applied Biosystems 

Table 11. TaqMan gene assays used for real-time PCR. 
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3.3.11: Myofibroblast Isolation in this UK Laboratory – primary attempt 

Tissue was obtained from six sites across a surgically resected terminal ileal 

stricture in patient 4. Each site was described by macroscopic appearance and 

location (Image 2):  

Site 1: Uninflamed ileum.  

Site 2: Inflamed ileum. 

Site 3: Inflamed ileum.  

Site 4: Strictured terminal ileum.  

Site 5: Uninflamed caecum.  

Site 6: Uninflamed ascending colon.  

 

Myofibroblast isolation was attempted from each specimen using the previously 

described methodology (see section 3.2.4).  
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Image 2. Surgical resection specimens from a patient with fibrostenotic 

Crohn’s disease.  
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3.4: Statistical Analysis 

 

Statistical analysis was performed using Microsoft Excel or Graph Pad Prism. 

Values are expressed as, mean +/- standard deviation (SD); mean +/- standard 

error of the mean (SEM); or mean +/- 95% confidence interval. Statistical 

significance was analysed with unpaired, parametric Student T-test. 
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4: RESULTS 

The following set of experiments were designed to investigate a series of 

biological properties of the isolated MF which included, morphology, 

proliferation, activation and migration.  

 

4.1:  Myofibroblast Isolation at the Royal Free Hospital Laboratory  

We attempted to isolate MF from locally obtained specimens using the 

established protocol described by Antonio de Sabatino’s group140.  

 

Attempted MF isolation and culture from the resected specimens of Patient 4 

was unsuccessful at this first ever attempt at the Institute for Liver and Digestive 

Health, Royal Free Hospital London.   

This was not repeated within the time frame of this submission.  

 

4.2: Studies on the Isolated Myofibroblasts 

 

4.2.1: Myofibroblast Morphology  

White light microscopy confirmed recognised morphological features of isolated 

MF142.  
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Each MF subtypes cultured from Patients 1 and 2 demonstrated morphological 

differences.  

CDhuIC-4 MF (colonic, patient 1) show a typical myofibroblast-like phenotype. 

(Image 3A)141.  

Both CDhuSI-2 and CDhuUI-2 MF derived from small bowel (ileal, patient 2), 

demonstrated features of fibroblasts. (Images 3B and 3C)141.       

 

It was observed that populations of MF from different parts of the bowel have 

different morphology, with those from the small bowel more closely resembling 

the mature fibroblast. This might indicate that MF from differing parts of bowel 

were exposed to differing biological pressures.  
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Image 3. Morphological differences between intestinal myofibroblasts derived 

from (A) Crohn’s disease inflamed colon (patient 1, CDhuIC-4), (B) Crohn’s 

disease uninflamed strictured ileum (patient 2, CDhuSI-2), and (C) Crohn’s 

disease uninflamed non-strictured ileum (patient 2, CDhuUI-2). 
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4.2.2: Myofibroblast Proliferation  

It is known that cell proliferation can differ when cultures are exposed to a 

serum containing medium compared, for example, to a serum free medium. 

It is accepted that serum free media does offer greater experimental consistency 

than serum containing media when cellular growth and proliferation can be 

supported without the need for serum163,164. 

A small series of experiments that would complement the morphological 

observations were designed to interrogate whether the cultured MF would 

proliferate and demonstrate any differences between cells isolated from 

different bowel localities.   

 

Complete and Serum Free Media Incubations 

Each subtype of MF persistently had significant increased proliferation when 

cultured in complete medium (CM) compared to serum free medium (SFM) 

where less proliferation was observed (Figure 5).  

These observations were used as necessary for experimental controls. 
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Figure 5. Proliferation of myofibroblasts from distinct areas of Crohn’s disease 

activity. MF significantly (p <0.05) proliferate more in complete culture 

medium (CM) compared to serum free medium (SFM). 
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MF subtype from strictured ileum (CDhuSI-2, sample 3), demonstrated 

statistically significant increased proliferation compared to those from both 

uninflamed, non-strictured ileum (CDhuUI-2, sample 2), and from inflamed 

colon (CDhuIC-4, sample 1). 

Those MF from inflamed colon did proliferate, but statistically significantly less 

than both MF subtypes derived from ileal tissue (Figure 6).  
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Figure 6. Myofibroblasts from strictured ileum demonstrated significant (p 

<0.05) increased proliferation compared to those from both uninflamed, non-

strictured ileum and inflamed colon. 
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Conditioned Media Incubations (Cross Culture) – Proliferation 

These experiments were designed to observe any influence of the soluble phase 

culture medium taken from one set of cultured MF subtype on the behaviour of 

another MF subtype exposed to this crossover and possibly conditioned 

medium.   

Although MF from distinct areas of Crohn’s disease activity significantly 

proliferate more in complete medium compared to serum free medium, and MF 

from strictured ileum demonstrated significant increased proliferation 

compared to those from both uninflamed, non-strictured ileum and inflamed 

colon, MF proliferation is not significantly altered when cultured in conditioned 

media.  

No significant change of either induction or suppression of proliferation of any 

incubation combination was observed in any MF subtype and was comparable 

to the negative control (SFM). (Figure 7).  
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Figure 7. Myofibroblast proliferation is not significantly (p >0.05) altered when 

cultured in conditioned media. 
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4.2.3: Myofibroblast Activation 

Having observed differences in proliferation between MF subtypes, an -SMA 

assay was performed to determine if proliferative changes were matched or 

associated with changes in metabolic activity.  

 

Alpha-SMA Assay 

MF subtype isolated from uninflamed, non-strictured ileum (CDhuUI-2, 

sample2) showed higher expression of α-SMA than those isolated from both 

inflamed colon (CDhuIC-4, sample 1) and strictured ileum (CDhuSI-2, sample 3).   

Expression of α-SMA was lowest in MF from strictured ileum corresponding with 

the lowest activation state of the three MF groups (Figure 8).  

 

These observations are consistent with a lower metabolically active phenotype 

of MF behaviour in strictured, but also inflamed bowel.  
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Figure 8. Activation: Intestinal myofibroblasts cultured for 48 hours in 

complete medium, and 24 hours and 48 hours in serum free medium. CDhuUI-

2 MF subtype isolated from uninflamed, non-strictured ileum showed higher 

expression of α-SMA than those isolated from both inflamed colon (CDhuIC-4) 

and strictured ileum (CDhuSI-2).  Expression of α-SMA was lowest in MF from 

strictured ileum corresponding with the lowest activation state of the three 

MF groups. (Tubulin was used as a loading control for all Western Blots) 
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Conditioned Media Incubations (Cross Culture) – Activation 

(Note: Colonic MF subtype from patient 1 were not used in the cross-culture 

activation experiments) 

The difference in activation in MF harvested from different localities were 

further explored for possible influences of the soluble components within the 

media taken from other completed cell cultures.  

 

Control experiments 

In the control experiments, MF subtype isolated from uninflamed, non-

strictured (CDhuUI-2) ileum, showed a more activated phenotype than MF 

subtype from strictured Ileum (CDhuSI-2).  

The lower activation state of MF subtype from strictured ileum (CDhuSI-2) 

compared to that of MF subtypes from uninflamed, non-strictured ileum 

(CDhuUI-2) was reproduced.  

 

MF subtype from non-strictured ileum incubated in CndM of strictured ileum 

Alpha-SMA expression was increased in MF subtype CDhuUI-2 incubated in 

CDhuSI-2 CndM (Figure 9) and against the control experiments.  

The MF subtype from non-strictured ileum remained the subtype with the 

highest expression of α-SMA. 
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MF subtype from strictured ileum incubated in CndM of non-strictured ileum 

Culture of the MF subtype of CDhuSI-2 (sample 3) in CndM of CDhuUI-2 (sample 

2) increased the expression of α-SMA against controls (when compared to 

CDhuSI-2 culture in both CM and SFM).   

Expression of α-SMA was induced to levels similar to that seen in CDhuUI-2. 

(Figure 9).  

 

ERK Assay 

MF subtype from non-strictured ileum incubated in CndM of strictured ileum 

In this experiment MF subtype from non-strictured ileum demonstrated an 

increase in phosphorylated ERK, a downstream protein of activation signalling 

pathways165. (Figure 9). 

 

MF subtype from strictured ileum incubated in CndM of non-strictured ileum 

The MF subtype of strictured ileum (CDhuSI-2) demonstrated an increase in 

phosphorylated ERK. (Figure 9).  

  

These results suggest that there are soluble products present in the culture 

media from pre-incubated unrelated MF, and paracrine effects may be present.  
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Figure 9. Cross culture – condition media experiments: Activation of 

myofibroblasts cultured from distinct areas of intestine in an individual 

Crohn’s disease patient. Both myofibroblast sub-phenotypes were cultured in 

complete medium and serum free medium for 48 hours; in addition, CDhuUI-

2 myofibroblasts were cultured in conditioned medium of CDhuSI-2 

myofibroblasts, and CDhuSI-2 myofibroblasts in CDhUI-2 conditioned medium, 

both for 48 hours.  CDhuUI-2 myofibroblasts have the highest expression of -

SMA under standard conditions, which is then induced by culture in 

conditioned medium of strictured MF. CDhuSI-2, whose activation state is 

lower in standard conditions, was induced by culture in condition medium of 

non-strictured MF. 
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TGF- Activation Experiments with MF Subtypes Incubated with the addition 

of TGF- 

(Note: MF subtypes from colonic samples were not used in this experiment) 

To further investigate external factors of activation, TGF-, a known profibrotic 

mediator, was added to each culture medium. MF activation was again assessed 

using -SMA and phosphorylation of ERK.  

TGF- concentrations of 2 ng/ml and 10 ng/ml were chosen as previous studies 

have demonstrated both cell viability and differing activation of MF derived 

from other organs using these concentrations153,166,167. 

 

Alpha-SMA Assay  

MF subtype from non-strictured ileum 

MF subtype from non-strictured ileum (CDhuUI-2, sample 2) demonstrated 

suppression of α-SMA expression when cultured in medium containing TGF-β1 

at both concentrations. 

Alpha-SMA was expressed the least in CDhuUI-2 cultured in the 10 ng/ml 

concentration, reduced to levels similar to those seen in MF subtype of 

strictured ileum (CDhuSI-2, sample 3) cultured in control conditions of CM and 

SFM. (Figure 10). 
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MF subtype from strictured ileum 

MF subtype from strictured ileum, CDhuSi-2, demonstrated increased -SMA 

expression when incubated, once again in medium containing 10 ng/ml of TGF-

β, when compared to controls.   

Medium containing TGF-1 at 2 ng/ml did not produce this effect. (Figure 10). 

 

ERK Assay 

Phosphorylation of ERK was uniformly increased in both non-strictured CDhuUI-

2 and strictured ileum CDhuSI-2 MF subtypes treated with TGF-β at both 

concentrations above controls. (Figure 10). 
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Figure 10. TGF-β1 effect on activation: Activation of myofibroblasts cultured 

from distinct areas of intestine from an individual Crohn’s disease patient. 

Both myofibroblast sub-phenotypes were cultured in complete medium (CM), 

serum free medium (SFM) and two concentrations of TGF-β (2ng/ml; 

10ng/ml). Activation states in standard culture conditions were reproduced. 

Treatment with TGF-β 10ng/ml induces activation in CDhuSI-2, as 

demonstrated by α-SMA, P-ERK and ERK expression. While, TGF-β treatment 

suppresses α-SMA expression, but increases ERK and pERK expression in 

CDhuUI-2, with 10ng/ml concentration having the more marked effect. 
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Collagen 1A Assay  

In the control conditions, using CM and SFM, COL1A expression is most 

pronounced in MF subtype isolated from uninflamed, non-strictured ileum 

(CDhuUI-2, sample 2). (Figure 11).   

 

Additional treatment with TGF-β at either concentration increased COL1A 

expression in both MF subtypes from the ileum above controls. 

This was most marked in the MF subtype from non-strictured ileum CDhuUI-2 

(sample 2) incubation containing 2 ng/ml TGF-.    

In the incubation of MF subtype of strictured ileum, the increase in COL1A was 

conversely increased when 10 ng/ml was present (Figure 11). 

  

Positive MF activation, including the expression of COL1A, was observed using 

exogenous TGF-, but only at a concertation of 10 ng/ml.     
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Figure 11. Collagen 1A expression: Myofibroblasts cultured from distinct areas 

of intestine from an individual Crohn’s disease patient. Both myofibroblast 

subtypes were cultured in complete medium, serum free medium and two 

concentrations of TGF-β (2ng/ml; 10ng/ml). Activation states in standard 

culture conditions were reproduced. In control conditions (CM and SFM) 

collagen 1A expression is most pronounced in CDhuUI-2. TGF-β (dose 

independent) upregulates collagen 1A expression in both myofibroblast 

subtypes, most markedly in CDhuUI-2. TGF-β at a concentration of 2ng/ml 

upregulates collagen 1A expression most in CDhuUI-2, while 10ng/ml TGF-β 

resulted in the greatest effect in CDhuSI-2.     
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4.2.4: Wound Scratch Assays  

(Note: Colonic cells were not used in this experiment) 

Myofibroblast migration is an important and distinct behaviour in wound 

healing, and may be altered in disease168.   

A wound scratch assay was performed as a physical assessment of MF migration.  

 

• MF subtype from non-strictured ileum (CDhuUI-2) in CM, SFM, CndM of 

strictured ileum and treatment with 2 ng/ml of TGF- (Image 4A). 

• MF subtype from strictured ileum (CDhuSI-2) in CM, SFM, CndM of non-

strictured ileum, treatment with 2 ng/ml of TGF- (Image 4B). 

 

No significant migration was observed:  

MF of both subtypes were seen within each wound scratch in all culture 

conditions at 24 hours, and more markedly at 48 hours, but appearances are 

most consistent with the proliferation expected in a culture environment after 

24 and 48 hours, rather than migration. (Images 4A and 4B).  

Resultant upon the observation of a proliferative rather than migratory 

response, a proliferative blocking experiment, using mitomycin C, was not 

performed169.  
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Image 4A. Wound scratch assay of myofibroblasts from non-strictured ileum 

(CDhuUI-2): Cultured in complete medium, serum free medium, conditioned 

medium of CDhuSI-2 myofibroblasts and medium treated with 2ng/ml TGF-β.  

Images taken at time point zero (post scratch), 24 hours and 48 hours. 

Migration of myofibroblasts is not observed across the wound in any 

condition. Myofibroblast are seen within the wound at higher time points: The 

appearance is most consistent with proliferation rather than migration.    
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Image 4B. Wound scratch assay of myofibroblasts from strictured ileum 

(CDhuSI-2): Cultured in complete medium, serum free medium, conditioned 

medium of CDhuUI-2 myofibroblasts and medium treated with 2ng/ml TGF-β.  

Images taken at time point zero (post scratch), 24 hours and 48 hours. 

Migration of myofibroblasts is not observed across the wound in any 

condition. Myofibroblast are seen within the wound at higher time points: The 

appearance is most consistent with proliferation rather than migration.    
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4.3: RNA Analysis Performed with Tissue Samples from Patient 3 

In the following set of separate experiments whole tissue samples from an 

individual CD patient were analysed for activation of known pro-inflammatory 

and profibrotic genes.  

 

4.3.1: NOD2 and IL-23R 

Strictured and non-strictured tissue all demonstrated expression of NOD2 and 

IL-23R. 

Distinct differences in gene expression of NOD2 and IL-23R were observed in the 

strictured tissue samples from sites 3 and 4.  

Within the samples from strictured tissue, site 3 showed reduced expression of 

both genes, when compared with strictured tissue from site 4, from which an 

increased expression of IL-23R was demonstrated when compared to all other 

samples. (Figure 12).  
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Figure 12. Relative mRNA expression of NOD2 and IL-23R (expressed as 2^-

ΔCT) in non-strictured and strictured Crohn’s disease tissue samples: 

Strictured site 3 shows reduced expression of NOD2 and IL-23R, while 

strictured site 4 increased expression of IL-23R. 
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4.3.2: Collagen 1A, Collagen 3A, LOX, TNF-α, TGF-β and ACTA2  

In strictured tissue from both sites 3 and 4, COL1A, COL3A and ACTA2 gene 

expression was increased when compared to the samples from sites 1 and 2 

from non-strictured sites. 

There is little difference in LOX expression in all four samples. 

There were similar results obtained for TNF- and TGF- except for a reduced 

expression in the strictured tissue from site 3. (Figure 13). 
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Figure 13. Relative mRNA expression of Collagen 1A, Collagen 3A, LOX, TNF-α, 

TGF-β and ACTA2 (expressed as 2^-ΔCT) in non-strictured and strictured 

Crohn’s disease tissue samples: Collagen 1A and 3A expression is increased in 

strictured tissue from sites 3 and 4, compared to non-strictured. LOX 

expression shows minimal difference between samples. Expression of TNF-α 

and TGF-β are noticeably reduced in strictured tissue from site 3. ACTA2 

expression is increased in strictured tissue from sites 3 and 4, compared to 

non-strictured. 
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4.3.3: TIMP-1, MMP-2 and MMP-9 

Strictured tissue (sites 3 and 4) showed increased gene expression of TIMP-1 

compared to non-strictured tissues (sites 1 and 2). 

In contrast, MMP-9 expression was increased in non-strictured tissue (sites 1 

and 2) compared to strictured tissue from sites 3 and 4.    

There was no noticeable difference in MMP 2 expression in all four tissue sites. 

(Figure 14).  
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Figure 14. Relative mRNA expression of TIMP-1, MMP-2 and MMP-9 

(expressed as 2^-ΔCT) in non-strictured and strictured Crohn’s disease tissue 

samples: TIMP-1 expression is increased in strictured tissue samples from sites 

3 and 4, compared to non-strictured; while no clear difference in expression of 

MMP-2 is seen between samples, expression of MMP-9 is increased in non-

strictured tissue samples from sites 1 and 2. 
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4.3.4: IL-6, IL-1B, IL-8, IL-12B and CCL-2 

Overall there was minimal expression of all these marker genes in sites 1, 2 and 

3, with the exception IL-6 expression at non-strictured site 2. 

Increased expression of all the studied genes was seen in site 4 (strictured 

tissue).   

IL-6 expression was increased in both strictured site 4 and non-strictured site 2. 

(Figure 15).  

 

These experiments revealed evidence of differences in gene activation of  

pro-inflammatory and profibrotic genes at different sites.  
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Figure 15. Relative mRNA expression of IL-6, IL-1B, CCL2, IL-8 and IL-12B 

(expressed as 2^-ΔCT) in non-strictured and strictured Crohn’s disease tissue 

samples: IL6 expression varies between sites, whether strictured or not: 

Similar levels of increased expression is seen in non-strictured site 2 and 

strictured site 4, while both non-strictured site 1 and strictured site 3 have 

comparatively reduced expression. IL-1B expression is increased in strictured 

tissue, particularly from site 4, compared to non-strictured. CCL2 expression is 

most increased in strictured tissue from site 4.  There is increased expression 

of IL-8 in tissue from strictured site 4, compared to the other three sites, which 

have similar levels of low expression. IL-12B expression is seen most increased 

in strictured tissue from site 4, although was not identified at all in strictured 

site 3; low expression is seen in non-strictured tissue. 
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5: DISCUSSION  

 

5.1: Overview 

 

Crohn’s Disease (CD) is an elaborate immune mediated inflammatory disease, 

with development and progression influenced by many factors, including 

environmental, genetic, and the host microbiome4. 

Extensive research continues but currently has been unable to define a 

pathogenic pathway which culminates in the clinical picture of CD170.  

Precise inflammatory triggers remain unknown and particularly those that 

determine the ultimate clinical phenotype171. 

In particular, the percentage of CD patients that develop fibrotic disease poses 

one of the major clinical challenges31.   

it is not even possible to identify those who will develop the disease, even in 

monozygotic twins the concordance rate is only 20 to 50%172. 

The identification of predictive disease markers would ultimately influence the 

management and treatment protocols, but at present this remains elusive173. 

Similarly, within the CD spectrum, identification (either clinically, genetically or 

by cellular technology), of the triggers of the fibrotic pathway might permit 

interruption of this pathological process174. 
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Intestinal fibrosis is a highly complex process, and the precise aetiology remains 

unknown81. 

Transmural inflammation in CD cannot be simplistically regarded as a ‘wound’, 

or the reparation response of this insult as healing. In fact, inflammation itself is 

an unpredictable variable in the fibrogenesis of CD and furthermore the fibrotic 

process can continue in the absence of inflammation31,97. 

The investigation of profibrotic pathways in CD becomes very pertinent to 

providing any prospect of a therapeutic intervention94. 

 

 

5.2: This Study 

 

The approach of this study is to compare the behaviour of the major profibrotic 

cell, the MF, in tissue samples taken from CD patients in different sites of the 

GIT. In addition, the behaviour of cells within, distant from, and adjacent to, 

strictured inflammatory tissue has revealed promising differences of cellular 

behaviour. Changes in these areas are potentially driven by paracrine 

mechanisms.  

The isolation of myofibroblasts (MF) from human tissue of patients has provided 

a realistic platform from which to study the behaviour of these cells in vitro. 
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Although these MF have been removed from their biological environment and 

subsequently cultured, they have all been subjected to the same experimental 

conditions and comparisons of their behaviour can reasonably be made.    

Further advances in maintaining a sample of original cells through several 

passages of culture cycles means that there is sufficient biological material for 

experimentation. Isolated MF can withstand freezing (and transportation) to the 

UK. 

The laboratory use of human cells (rather than those from other animal species), 

has the advantage of immediate human relevance, but all experiments 

performed illustrate the precarious nature of working with human cells that are 

not immortal (unlike, for example, HeLa cell lines175). 

This point is illustrated by the encouraging success of some cell samples from 

ileal tissue, but the earlier mortality of a line of colon derived cells, which limited 

their use in some experiments. 

In this study both the morphology and the synthetic ability of revived MF, which 

are cultured on through several passages, is demonstrated. 

Research in CD fibrosis using primary human MF frequently focuses on cells 

isolated from intestinal tissue from CD patients, not limited to a fibrostenotic 

phenotype, or strictured tissue alone, and comparisons made with MF isolated 

from separate CD patients and/or healthy controls95.  
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It is demonstrated, perhaps unsurprisingly, that MF from each of these patient 

groups have distinctly differing phenotypes.  

One unique feature at the outset of this research project was to investigate 

whether and how MF derived from strictured and non-strictured intestine in an 

individual CD patient would present different features and also influence one 

another.   

Two MF subtypes, CDhuSI-2 and CDhuUI-2, were isolated from an individual 

patient: CDhuSI-2 MF from strictured ileal mucosa, and CDhuUI-2 MF from 

adjacent uninflamed, non-strictured ileal mucosa.  

Following this preliminary work other investigators have used MF isolated from 

multiple locations in an individual with a fibrosing phenotype176–178. 

 

 

5.3: Myofibroblast Behaviour 

 

In this study the morphological features of the isolated and revived MF 

demonstrated appearances consistent with normal live cells. 

Proliferation was quantified using a nucleoside-analogue incorporation assay, in 

this case utilising the thymidine analogue, BrdU. The technique is considered 

appropriate for assessing in vitro cell proliferation over time as BrdU is stably 



 

 
133 

incorporated into DNA and preferred in our laboratory as there is no handling 

of radioactive material and the required equipment was available and 

accessible.  This is an end point assay as staining requires cell membrane 

permeabilisation and fixation179.  

Although this technique cannot identify cells that have undergone numerous 

rounds of division, this limitation was not considered relevant for the purposes 

of this study179.  

The other most commonly recognised general approaches to assess cell 

proliferation, cell cycle associated protein assays and the use of cytoplasmic 

proliferation dye, could be considered for future validation experiments, 

although no single method is without both advantages and disadvantages179.  

In the complete culture medium (CM) the MF demonstrated both proliferation 

(maintained for several passages), and synthetic activity which were both 

attenuated, but still present when the serum component was absent (SFM). 

These baseline incubations, having no other interventions, were used as 

comparative controls in the experiments involving modification of the culture 

parameters. 

MF culture provided reliable passaging and all the ileal MF subtypes were 

studied most comprehensively. 
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Myofibroblast proliferation was best observed when cultured in the optimal CM. 

MF isolated from quiescent strictured ileum had increased proliferation, not 

only when compared to MF from uninflamed non-strictured ileum but also when 

compared with inflamed CD colon. 

This observation does concur with an expectation that MF from within a 

stricture would be biologically active in the fibrotic process31,95.  

Subtypes of MF originating from inflamed colon did not show increasing 

proliferation. Furthermore, MF originating from macroscopically normal ileal 

tissue adjacent to the stricture did proliferate more than MF originating from 

inflamed tissue, observations that might be consistent with MF priming rather 

than prior exposure to inflammatory activity.     

Despite the magnitude of the proliferation of MF from the stricture, markers of 

synthetic activity were the least expressed, an observation that would be 

consistent with this population of cells not driving the local fibrosis. 

The markers of MF activity were greatest in MF isolated from adjacent 

uninflamed, non-strictured ileum, and if were a consistent finding would 

strongly indicate paracrine signalling. 

Such mechanisms have already been described for other fibrogenic models146–

149. 
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The incubation experiments with the known fibrogenic mediator TGF- which 

has autocrine and paracrine effects, suggest an active role of this 

mediator81,97,180. 

Treatment with TGF- induced activation of MF isolated from strictured ileum, 

demonstrated by increased α-SMA expression and up-regulation of 

phosphorylation of ERK, suggesting that this population of cells are capable of 

induced synthetic activity.  

In the synthetically active MF subtype from non-strictured ileal tissue, TGF-  

further increased expression of only one marker (ERK phosphorylation) but 

suppressed rather than enhancing -SMA expression.  

This reduction of an important profibrotic mediator could be anomalous but 

might be indicative of feedback control and further evidence of paracrine 

mechanisms. 

Further, the intracellular expression of COL1A, a major structural protein of the 

ECM produced in abnormal excess in CD fibrosis81,89, was investigated as MF are 

the known predominant source181.  

Consistent with the increased synthetic activity of MF from non-strictured 

ileum, COL1A expression was most pronounced in this MF subtype.  

However, and importantly, TGF-  stimulated the previously less active MF cells 

from strictured ileum and further enhanced the others. 
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5.3.1: Cross Incubation Experiment 

These experiments were designed to observe any influence of the medium 

taken from one set of cultured MF subtype on the behaviour of another MF 

subtype as we have previously described146–149. 

The identification of any change in the newly exposed MF to the culture medium 

taken from another subtype, would add support to the presence of incubated 

media accumulating active soluble products capable of signalling another cell151. 

The results were consistent with the exchanged media containing signalling 

products that in all combinations, although failing to further promote 

proliferation, did produce positive changes in synthetic expression. 

Actively synthetic MF subtype from non-strictured ileum, stimulated synthetic 

activity in those MF that had previously demonstrated less activity. This 

evidence of signalling from soluble media was further consolidated by the 

observation of MF subtype, even with less synthetic activity at baseline, once 

again being capable of stimulating their more initially active counterpart.  

Paracrine effects are likely to be present influencing MF activity, but their 

absence in the proliferation experiments, might indicate autocrine mechanisms 

in this process and needs further investigation. 
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5.3.2: Myofibroblast mobility  

The physical behaviour of MF in fibrogenesis is also important182. 

It has been previously demonstrated that MF isolated from patients with 

penetrating CD have faster rates of MF mobility in wound assays, than those 

isolated from patients with stricturing disease104,105,183. 

Data from this study failed to demonstrate migration either by untreated cells 

or those treated with TGF-. Proliferation was seen, confirming cell viability, but 

ones which were devoid of migratory ability. 

In this 2-dimensional model, had the wound been observed to close completely 

at either 24 or 48 hours, it would be important to determine any contribution of 

MF proliferation to ensure a clear assessment of migratory activity169.  

Therefore, in a separate set of experiments, MF proliferation would be blocked 

by the addition of mitomycin C into the experiment169. 

Subsequent observations of any wound closure could then be attributed to MF 

migration.   
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5.4: RNA analysis 

 

A single study has previously observed differences in strictured and non-

strictured mucosa in individual CD patients, reporting profibrotic increased TGF-

β, collagen and TIMP-1, but decreased antifibrotic MMP-3 and -12 protein 

expression in mucosa of strictured intestine155.  

 

In this study, colonic samples taken from across an uninflamed stricture and 

adjacent normal mucosa provided tissue to investigate the expression of gene 

markers of fibrogenesis. 

It is important to note that any disparity between identified gene expression and 

gene product does not necessarily mean that the observations are erroneous. 

RNA analysis was performed on whole tissue rather than MF cells, and therefore 

included all the cellular constituents, and activity of other possible downstream 

factors, for example protein enzymatic degradation, might produce disparity 

between expression and end protein biological activity.     

An example, from this study, is the ACTA2 gene expression, encoding -SMA, 

was found greatest in strictured tissue.  This observation contrasts to the activity 

experiments of isolated MF from strictured tissue which showed less -SMA 

expression than non-strictured samples. 
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The results from RNA experiments clearly indicate that there is a balanced 

interaction of the genes involved in the fibrotic pathway. 

Supporting fibrosis, gene expression of COL1A and COL3A, both major structural 

protein components of the ECM81,89, was greatest in tissue obtained from the 

stricture where the greatest accumulation of ECM is found. The expression of 

TIMP-1, a profibrotic ECM regulator180, is also present in the fibrotic stricture. 

Expression of MMP-9, involved in ECM degradation, and whose expression is 

suppressed by TIMPs29,89, was higher in non-strictured tissue where TIMP 

expression was less. 

Non-strictured tissue gene expression revealed increases in the key profibrotic 

mediator TGF-1, in contrast.    

In the same tissue, increased expression of TNF-α, IL-6 and CCL2, all mediators 

known to exert a profibrotic influence on the TGF- fibrosis pathway58,184, was 

also observed. 

Within the concept of a balanced process driving fibrosis, expression of IL-12B 

and IL-8, cytokines both inhibitors of the TGF- fibrotic pathway58,73, was 

complementarily low in this tissue. 

Contrary to a reasonable presumption that non-strictured tissue itself would not 

be promoting fibrosis, it is tempting to consider whether this activity of non-
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strictured tissue is reflecting a process permitting remote biological influence on 

the adjacent strictured area. 

 

 

5.5: Summary 

 

The isolated cells can be stored and revived and remain viable such that they 

proliferate, retain normal morphological features and respond to experimental 

conditions that can be followed objectively. 

The experiments indicate that MF exert two important modalities of behaviour, 

that of cellular proliferation and of synthetic activity, and which differs between 

the different sites of CD involvement.  

There is evidence that the synthetic activity of any particular subgroup of MF, 

determined by the intestinal site from which they were harvested, can exhibit 

likely paracrine properties, which influence the synthetic behaviour of others. 

In contrast, it seems more likely that proliferative response of MF subtypes relies 

on local autocrine determinants. 
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5.6: Conclusion 

 

Experimental observations made in this study do add support to a clinical 

impression that inflammation is not the primary driver of Crohn’s fibrosis31,95,97. 

This local and remote influence is also reflected in gene expression in CD tissue. 

The findings do suggest that a balance of profibrotic and antifibrotic 

mechanisms are operating185, and with a greater sample size from a large 

patient group, would provide tissue that could explore the validity of this 

concept. 

Confirmation of these early observations would provide new prominence to 

what would otherwise be considered benign intestinal mucosa adjacent to a 

stricture, intimating that its constituents, particularly MF, through paracrine 

signalling, significantly contribute to the development and progression of 

neighbourhood fibrosis.  
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6: FUTURE STUDIES 

 

1: Identifying fibrotic ‘initiators’ and ‘drivers’ of the fibrostenotic phenotype 

in individual patients 

Identifying patients with a stricturing phenotype is an important clinical 

milestone in the management of their disease. Such patients may exhibit an 

identifiable and reproducible pattern of gene expression186,187.  

Such data could then be used in longitudinal studies of all CD patients potentially 

predetermining their likelihood of developing stricturing disease186,187.    

 

A. Biopsies will be taken from strictured and non-strictured areas of each 

patient, RNA extracted, and qPCR performed.  

In this way a network and pathway analysis can be performed with the 

selected list of specific genes185. The combination of employing STRING 

(Search Tool for the Retrieval of Interacting Genes/Proteins), a database 

of known and predicted protein interactions (http://string-db.org/), with 

the Database for Annotation, Visualisation and Integrated Discovery 

(DAVID; http://david.abcc.ncifcrf.gov/) software can reveal a complex 

network of genes/proteins/pathways interactions involved in the process 

of fibrostenosis during CD188.  
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B. Alterations in protein/gene expression will be further analysed185: MF 

from a CD patient with stricturing phenotype (i.e. strictured MF versus 

non-strictured MF), and ideally against CD samples who lack a fibrotic 

phenotype. 

The in vitro findings will be explored in human biopsies to further confirm 

the importance of these alterations during CD fibrogenesis185.  

 

2: Establishment of successful myofibroblast isolation protocol in this 

laboratory 

Surgically resected tissue and biopsy specimens will be used to refine and 

establish a local MF isolation protocol and maintain the cells in a viable state.  

Recent advances in the availability and practicality in assessing gene expression 

in tissue samples will facilitate further studies at an individual cellular level.  

Primary cell interrogation still has relevance, providing a faithful transcriptomic 

and proteomic profile and closer proximity to physiological function and 

response189.  

Unfortunately the requirement of cell culture for specific nutrient substrates, 

and the acquisition of a senescent phenotype, resulting in irreversible cell cycle 

arrest, limits the amount of material that can be obtained, preventing their use 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-cycle-arrest
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-cycle-arrest
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in large-scale disease and therapy modelling190, but targeted mechanistic 

studies would be possible and relevant.  

 

3: Reproduction of experiments with multiple, multi-patient samples 

A larger cohort of patients will provide the variety of diseased tissue samples 

required not only to increase the yield of experimental tissue but also to validate 

observations made by multiple repetitions of the described experiments on 

both intestinal tissue and human MF obtained from strictured and non-

strictured areas from individual CD patients.  

This will require a stable and larger population of MF subtypes than achieved so 

far. 

In vitro MF behaviour, paralleled with RNA gene expression studies would be 

the initial experiments most likely to produce useful data186,187,189.   
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Participant Information Sheet for Patients with Crohn’s Disease 

 

Mechanisms of Intestinal Fibrosis in Stenotic Phenotypes of Crohn's Disease  
(Student Study) 

INTRODUCTION 

Royal Free London NHS Foundation Trust (‘the Trust’) is a leading teaching hospital and bio-medical centre, 

where many tissue and cell samples are taken from patients each day for laboratory tests. Examples of these 
specimens include blood samples, tissues removed during operations, and urine. 

The Trust is a major centre for research into the causes of diseases and their treatment. For detailed information 

about our research, please visit our website: www.royalfree.nhs.uk  

Invitation 

You have been invited to take part in this study of Crohn’s disease by donating gut tissue specimens and 
peripheral blood.  

We are inviting you to take part as you have Crohn’s disease and require either an endoscopy or surgery as part 

of your normal care.  

Introduction to this research project  

Crohn’s disease (CD), a type of inflammatory bowel disease, causes inflammation along the entire digestive tract 
leading to disabling symptoms such as abdominal pain and bloody diarrhoea. The exact cause is unknown, but 

there is an abnormal response by the body’s defences – immune system – and it attacks itself.  Worldwide it 
affects anywhere between 5 to 10 people per 100,000 per year. 

While there is no cure, modern medications that suppress the immune system have greatly improved patients’ 

symptoms and reduced the need for surgical removal of diseased bowel by reducing inflammation. However, a 
proportion of patients will develop areas of narrowing in their bowel – strictures – that cause blockages. Modern 

medications do not treat strictures and patients often require multiple operations to remove them. Little is known 
about strictures in CD and why they develop. 

Our research will focus on strictures to better understand how and why they develop, with the ultimate goal of 

proposing different and new treatments. Specifically, we will use strictured areas of bowel that have had to be 
surgically removed from patients with CD in addition to samples of their blood to investigate at a microscopic 
level the mechanisms involved in stricture development. 
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WHATS INVOLVED?  

What is the purpose of this specific study? 

Using samples of gut and blood we aim to research causes of gut narrowing (fibrosis) in inflammatory bowel 
disease, specifically Crohn’s Disease, at a microscopic level.    

Why have I been chosen to donate tissue and blood? 

We are inviting you to take part as you have Crohn’s disease: 

All patients with Crohn’s disease requiring endoscopic (colonoscopy or flexible sigmoidoscopy) evaluation of 
their disease and/or surgical resection of a narrowed (strictured) section of Crohn’s affected bowel are being 

invited to donate biopsied or resected tissue and a blood sample.  

What would taking part involve? 
 

You have been invited to take part as either endoscopic investigation and/or surgery has been decided to be the 
most appropriate investigation or treatment as part of normal care.   

As the study is laboratory based your direct involvement is limited, and as such, additional time, outside that 

required for normal standard of care, is small.   

Pre-procedure consultation will allow you to ask any questions prior to informed consent being obtained.  

Peripheral blood and tissue samples will be obtained at the time of your endoscopy or surgery for the purpose of 
our research study. A maximum of 10 millilitres of blood and 8 biopsies (if you are having an endoscopy) will be 

taken in addition to what would be required as part of standard care. This number of biopsies will add 
approximately an extra 4 minutes on to the procedure time.  

If you are having surgery a piece of removed tissue will be reserved for experiments.   

Subsequently, the investigator will not require direct patient contact.   

Possible benefits 

 
The nature of this research is such that immediate benefit to a specific participant is not anticipated. However, in 

time we hope results will contribute to benefit novel management in inflammatory bowel disease patients as a 

whole community. 

We hope to further knowledge in Crohn's Disease that we would actively disseminate in an understandable 

format so patients, and the lay public at large, better understand the process of scarring with stricture formation 
and rationale for current treatment and the possibility of developing new therapies.   
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Possible disadvantages and risks 

Additional burdens for research participants will be limited to time. You are required to spend non-pressurised 

time with this information leaflet, which will precede a consultation to answer potential questions and obtain 
informed consent. We will aim to limit additional visits to the hospital by incorporating this in to routine required 

hospital visits, although additional consultation time (above that of a normal outpatient visit) will be required.   

Otherwise, adverse events will be associated with the standard of care in patients having endoscopic 

assessment of their Crohn’s disease and/or surgical resection of bowel, and these will not be enhanced by study 
participation.  

The operating surgeon will discuss risks involved with the surgery with you.  

The doctor performing your endoscopy will discus risks involved with your procedure. A flexible sigmoidoscopy 
with biopsies has a 1:15,000 chance of perforation (making a tear in the gut), while a colonoscopy with biopsies 

has a 1:1000 chance of perforation.  

Consent 

Consent will be obtained only by medically qualified members of the research team.  

Patients identified as suitable candidates for donation, use and storage of human tissue and peripheral blood will 
be appropriately consented.  

The independent consent form and discussion will be located in the patients source document (paper patient 
notes are in use at The Royal Free Hospital). 

For non-English speaking participants the Royal Free Hospital has a telephone translation service in place and 
written information will be translated.  

Every effort will be made to accommodate individual patients needs.   
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SUPPORTING INFORMATION 

What will happen to the samples I give? 

Donated tissue and blood samples will initially be frozen and stored. Subsequently they will be used in 
experiments for this research study. The experiments will take place in the medical laboratories located at The 

Royal Free Hospital.  

What happens to your tissue after it has been used? 

Samples of blood are only kept for a few weeks and are then disposed of by incineration. Tissue is routinely 
stored for at least 10 years by the Trust’s histopathology department. Eventually all tissue is disposed of by 

incineration.   

Should you specifically consent, samples will be frozen and stored for future research.  

Is the information about me and my tissue treated confidentially? 

Unless you have specifically given your consent for researchers or relevant regulatory authorities to access your 
medical records, complete confidentiality is guaranteed. 

Data will be stored in a ‘linked-anonymised’ format, allowing only the Research Student and Principal 

investigator, using secure encrypted code, to identify you from your samples.  

Where is tissue stored? 
 

Tissue can be used for research as soon as it is taken from your body but it can also be stored for many years 

before it is used. Tissue collected for teaching and research is placed in a ‘BioBank’. The Trust’s Research 

BioBank is licensed by the Human Tissue Authority with Licence Number 11016 (http://www.hta.gov.uk/) and as 
such is strictly regulated. 

Will I always know what research is being done on my tissue? 

Unfortunately, it is not possible to tell you about all the specific research experiments that may use your tissue. 

Could genetic research be performed on my tissue? 

Yes. We will only be looking at genes known to be involved in Crohn’s disease. We will not be able to identify 

genes involved in other diseases that could affect you or members of your family.  

Could my tissue be used by any other organisations? 

No.  

What will happen if I do not want to carry on with the study? 

If you no longer want your tissue to be used for research, you can withdraw your consent by contacting the 

research team. Any remaining tissue not already used in experiments will then be disposed of in an appropriate 

manner. 
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What happens to the results of the research? 

We plan to publish the results in peer reviewed publications and we will inform subjects of this and forward 
copies if requested.  

What if there is a problem or something goes wrong? 
 

If you wish to complain, or have any concerns about any aspect of the way you have been approached or 
treated by members of staff you may have experienced due to your participation in the research, National Health 

Service or UCL complaints mechanisms are available to you. Please ask your research doctor if you would like 

more information on this. 
In the unlikely event that you are harmed by taking part in this study, compensation may be available. 

If you suspect that the harm is the result of the Sponsor’s (University College London) or the hospital's 
negligence then you may be able to claim compensation.  After discussing with your research doctor, please 

make the claim in writing to Professor Massimo Pinzani who is the Chief Investigator for the research and is 

based at UCL Institute for Liver and Digestive Health, University College London, Royal Free Hospital Campus 
U3, Rowland Hill Street, London NW3 2PF. The Chief Investigator will then pass the claim to the Sponsor’s 

Insurers, via the Sponsor’s office. You may have to bear the costs of the legal action initially, and you should 
consult a lawyer about this. 

 
 
 

FUNDING 
 

This research is being funded from the charitable Inflammatory Bowel Disease Research Fund: 

 
Inflammatory Bowel Disease Research Fund 
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The Royal Free London NHS Foundation Trust                          

Pond Street                                                                               
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Email: rfh.fundraising@nhs.net 
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Email: tom.c.shepherd@me.com 
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Chief Investigator: Professor Massimo Pinzani MD PhD FRCP 

Sheila Sherlock Chair of Hepatology Director 
UCL Institute for Liver and Digestive Health 

University College London 
Royal Free Hospital Campus U3 

Rowland Hill Street                                                                            

London NW3 2PF                                                                                
United Kingdom 

Email: m.pinzani@ucl.ac.uk 
 

 

Investigators:  Dr Charles D Murray PhD FRCP 
Consultant Gastroenterologist  

UCL Institute for Liver and Digestive Health 
University College London 

Royal Free Hospital Campus U3 
Rowland Hill Street                                                                               
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Email: charlesmurray1@nhs.net 

 
  Dr Krista Rombouts PhD 

UCL Institute for Liver and Digestive Health 

University College London 
Royal Free Hospital Campus U3 

Rowland Hill Street                                                                             
London NW3 2PF                                                                               
United Kingdom 
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University College London 

Royal Free Hospital Campus U3 
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United Kingdom 
   Email: p.manousou@ucl.ac.uk 
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Participant Information Sheet for Patients who do not have Crohn’s Disease 

 

Mechanisms of Intestinal Fibrosis in Stenotic Phenotypes of Crohn's Disease 
(Student Study) 

INTRODUCTION 

Royal Free London NHS Foundation Trust (‘the Trust’) is a leading teaching hospital and bio-medical centre, 

where many tissue and cell samples are taken from patients each day for laboratory tests. Examples of these 
specimens include blood samples, tissues removed during operations, and urine. 

The Trust is a major centre for research into the causes of diseases and their treatment. For detailed information 

about our research, please visit our website: www.royalfree.nhs.uk  

Invitation 

You have been invited to take part in this study of Crohn’s disease by donating gut tissue specimens and 
peripheral blood.  

You have been identified as a potential healthy control (you do not have Crohn’s disease, but you are having an 

endoscopy investigation of your gut).    

Introduction to this research project  

Crohn’s disease (CD), a type of inflammatory bowel disease, causes inflammation along the entire digestive tract 
leading to disabling symptoms such as abdominal pain and bloody diarrhoea. The exact cause is unknown, but 

there is an abnormal response by the body’s defences – immune system – and it attacks itself.  Worldwide it 
affects anywhere between 5 to 10 people per 100,000 per year. 

While there is no cure, modern medications that suppress the immune system have greatly improved patients’ 

symptoms and reduced the need for surgical removal of diseased bowel by reducing inflammation. However, a 
proportion of patients will develop areas of narrowing in their bowel – strictures – that cause blockages. Modern 

medications do not treat strictures and patients often require multiple operations to remove them. Little is known 
about strictures in CD and why they develop. 

Our research will focus on strictures to better understand how and why they develop, with the ultimate goal of 

proposing different and new treatments. Specifically, we will use strictured areas of bowel that have had to be 
surgically removed from patients with CD in addition to samples of their blood to investigate at a microscopic 

level the mechanisms involved in stricture development. 
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WHATS INVOLVED?  

What is the purpose of this specific study? 

Using samples of gut and blood we aim to research causes of gut narrowing (fibrosis) in inflammatory bowel 
disease, specifically Crohn’s Disease, at a microscopic level.    

Why have I been chosen to donate tissue and blood? 

We are inviting to take part as you do NOT have Crohn’s disease: 

Patients who do not have Crohn’s disease, but require endoscopic (colonoscopy or flexible sigmoidoscopy) 
investigation are being invited to donate biopsied tissue and a blood sample. Tissue and blood not affected by 

Crohn’s disease will be compared to diseased tissue as a control.  

What would taking part involve? 

You have been approached as endoscopic investigation has been decided to be the most appropriate 

investigation as part of normal care.   

As the study is laboratory based your direct involvement is limited, and as such, additional time, outside that 

required for normal standard of care, is small.   

Pre-procedure consultation will allow you to ask any questions prior to informed consent being obtained.  

Peripheral blood and tissue samples will be obtained at the time of your endoscopy for the purpose of our 

research study. A maximum of 10 millilitres of blood and 8 biopsies (tissue samples) will be taken in addition to 
what would be required as part of standard care.  

Your endoscopy may appear normal to the naked eye, and sometimes biopsies would not routinely be taken. 
However, by consenting to take part in this research we will take a maximum of 8 biopsies that may then be 

used in our experiments. This number of biopsies will add approximately an extra 4 minutes on to the procedure 

time.  

While your colon may have appeared normal to the naked eye, your biopsies could show an abnormality when 

analysed. If this is the case, we will not able to use them for the purpose of a normal control sample in our study, 
and they will be appropriately disposed of. This decision will be made by the Principal Investigator and PhD 

Research Student. You will be informed of any abnormality discovered as part of your standard of care medical 

follow up.  

Subsequently, the investigator will not require direct patient contact.   
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Possible benefits 

 

The nature of this research is such that immediate benefit to a specific participant is not anticipated. However, in 
time we hope results will contribute to benefit novel management in inflammatory bowel disease patients as a 

whole community. 

We hope to further knowledge in Crohn's Disease that we would actively disseminate in an understandable 

format so patients, and the lay public at large, better understand the process of scarring with stricture formation 
and rationale for current treatment and the possibility of developing new therapies.   

Possible disadvantages and risks 

Additional burdens for research participants will be limited to time. You are required to spend non-pressurised 
time with this information leaflet, which will precede a consultation to answer potential questions and obtain 

informed consent. We will aim to limit additional visits to the hospital by incorporating this in to routine required 
hospital visits, although additional consultation time (above that of a normal outpatient visit) will be required.   

Otherwise, adverse events will be associated with the standard of care in patients having endoscopic 

assessment of their bowel complaint, and these will not be enhanced by study participation.  

The doctor performing your endoscopy will discus risks involved with your procedure. A flexible sigmoidoscopy 

with biopsies has a 1:15,000 chance of perforation (making a tear in the gut), while a colonoscopy with biopsies 
has a 1:1000 chance of perforation.  

Consent 

Consent will be obtained only by medically qualified members of the research team.  

Patients identified as suitable candidates for donation, use and storage of human tissue and peripheral blood will 

be appropriately consented.  

The independent consent form and discussion will be located in the patients source document (paper patient 

notes are in use at The Royal Free Hospital). 

For non-English speaking participants the Royal Free Hospital has a telephone translation service in place and 

written information will be translated.  

Every effort will be made to accommodate individual patients needs.   
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SUPPORTING INFORMATION 

What will happen to the samples I give? 

Donated tissue and blood samples will initially be frozen and stored. Subsequently they will be used in 
experiments for this research study. The experiments will take place in the medical laboratories located at The 

Royal Free Hospital.  

What happens to your tissue after it has been used? 

Samples of blood are only kept for a few weeks and are then disposed of by incineration. Tissue is routinely 
stored for at least 10 years by the Trust’s histopathology department. Eventually all tissue is disposed of by 

incineration.   

Should you specifically consent, samples will be frozen and stored for future research.  

Is the information about me and my tissue treated confidentially? 

Unless you have specifically given your consent for researchers or relevant regulatory authorities to access your 
medical records, complete confidentiality is guaranteed. 

Data will be stored in a ‘linked-anonymised’ format, allowing only the Research Student and Principal 

investigator, using secure encrypted code, to identify you from your samples.  

Where is tissue stored? 
 

Tissue can be used for research as soon as it is taken from your body but it can also be stored for many years 

before it is used. Tissue collected for teaching and research is placed in a ‘BioBank’. The Trust’s Research 

BioBank is licensed by the Human Tissue Authority with Licence Number 11016 (http://www.hta.gov.uk/) and as 
such is strictly regulated. 

Will I always know what research is being done on my tissue? 

Unfortunately, it is not possible to tell you about all the specific research experiments that may use your tissue. 

Could genetic research be performed on my tissue? 

Yes. We will only be looking at genes known to be involved in Crohn’s disease. We will not be able to identify 

genes involved in other diseases that could affect you or members of your family.  

Could my tissue be used by any other organisations? 

No.  

What will happen if I do not want to carry on with the study? 

If you no longer want your tissue to be used for research, you can withdraw your consent by contacting the 

research team. Any remaining tissue not already used in experiments will then be disposed of in an appropriate 

manner. 
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What happens to the results of the research? 

We plan to publish the results in peer reviewed publications and we will inform subjects of this and forward 
copies if requested.  

What if there is a problem or something goes wrong? 
 

If you wish to complain, or have any concerns about any aspect of the way you have been approached or 
treated by members of staff you may have experienced due to your participation in the research, National Health 

Service or UCL complaints mechanisms are available to you. Please ask your research doctor if you would like 

more information on this. 
In the unlikely event that you are harmed by taking part in this study, compensation may be available. 

If you suspect that the harm is the result of the Sponsor’s (University College London) or the hospital's 
negligence then you may be able to claim compensation.  After discussing with your research doctor, please 

make the claim in writing to Professor Massimo Pinzani who is the Chief Investigator for the research and is 

based at UCL Institute for Liver and Digestive Health, University College London, Royal Free Hospital Campus 
U3, Rowland Hill Street, London NW3 2PF. The Chief Investigator will then pass the claim to the Sponsor’s 

Insurers, via the Sponsor’s office. You may have to bear the costs of the legal action initially, and you should 
consult a lawyer about this. 
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INSURANCE AND INDEMNITY 
 
University College London holds insurance against claims from participants for harm caused by their 

participation in this clinical study. Participants may be able to claim compensation if they can prove that UCL has 
been negligent. However, if this clinical study is being carried out in a hospital, the hospital continues to have a 

duty of care to the participant of the clinical study. University College London does not accept liability for any 
breach in the hospital’s duty of care, or any negligence on the part of hospital employees. This applies whether 

the hospital is an NHS Trust or otherwise. 

 

 
 
ETHICS 

 
This study has been reviewed by the Riverside NRES Committee, who have granted a favourable opinion for 

this study to commence.  
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Appendix 6: Consent form for patients with Crohn’s disease  

 

 

 

Consent Form: Version 1.5 Date: 01/02/2016 

1 

1 

Centre Number:  

Study Number: 9005 

Patient Identification Number for this study: 

 CONSENT FORM for patient’s with Crohn’s disease  

Mechanisms of Intestinal Fibrosis in Stenotic Phenotypes of Crohn's Disease  

(Student Study) 

Name of Chief Investigator: Professor Massimo Pinzani 

 

1. I confirm that I have read and understand the Participant Information Sheet dated 30
th

 October 
2015 (version 1.4) for the above study. I have had the opportunity to consider the information, ask 
questions and have had these answered satisfactorily. 

  

2. I understand that my participation is voluntary and that I am free to withdraw at any time without 

giving any reason, without my medical care or legal rights being affected; and that my tissue and 

blood samples will be appropriately disposed of.  

 

3. I understand that relevant sections of my medical notes and data collected during the study may be 
looked at by individuals from regulatory authorities or from the NHS Trust, where it is relevant to 

my taking part in this research. I give permission for these individuals to have access to my 

records.  

 

4.    I consent to donating tissue and blood samples for the above named project. 

 

5.    I consent to the use of my samples for genetic analysis.  

 

6.    I consent to my tissue and blood being stored securely by the Royal Free Hospital BioBank, and 

subsequently being used for future REC approved Inflammatory Bowel Disease research studies.  

 

7. I understand and agree to information and data obtained from work carried out on my tissue and            
blood may be used for reputable publication and presentation.  

 

8. I understand and agree to data relating to my donated samples being stored electronically.  

 

 

 Please Initial All Boxes 
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2 

2 

 

9. I understand that on no occasion will my identity be revealed without further explicit written consent. 

 

10. I understand that I will not benefit financially if this research leads to the development of a new           

treatment or medical test.  

 

11. I agree to take part in the above study.    

 

 

 

 

            

Name of participant   Date    Signature 

  

 

 

 

                               

            

Name of person    Date    Signature  

taking consent  
 
 
CONTACT: 

 

 
PhD Student:  Dr Thomas C Shepherd MBBS MRCP 

UCL Institute for Liver and Digestive Health 
University College London 

Royal Free Hospital Campus U3 

Rowland Hill Street                                                                                  
London NW3 2PF                                                                                              

United Kingdom 
Email: tom.c.shepherd@me.com 
Tel: 07739 136 838 
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Appendix 7: Consent form for patients who do not have Crohn’s disease  

 

 

 

Consent Form: Version 2.2 Date: 01/02/2016 

1 

1 

Centre Number:  

Study Number: 9005 

Patient Identification Number for this study: 

 CONSENT FORM for patient’s who do not have Crohn’s disease  

Mechanisms of Intestinal Fibrosis in Stenotic Phenotypes of Crohn's Disease  

(Student Study) 

Name of Chief Investigator: Professor Massimo Pinzani 

 

1. I confirm that I have read and understand the Participant Information Sheet dated 30
th

 October 
2015 (version 1.3) for the above study. I have had the opportunity to consider the information, ask 
questions and have had these answered satisfactorily. 

  

2. I understand that my participation is voluntary and that I am free to withdraw at any time without 

giving any reason, without my medical care or legal rights being affected; and that my tissue and 

blood samples will be appropriately disposed of.  

 

3. I understand that relevant sections of my medical notes and data collected during the study may be 
looked at by individuals from regulatory authorities or from the NHS Trust, where it is relevant to 

my taking part in this research. I give permission for these individuals to have access to my 

records.  

 

4.    I consent to donating tissue and blood samples for the above named project. 

 

5.    I consent to the use of my samples for genetic analysis. 

 

6.    I consent to my tissue and blood being stored securely by the Royal Free Hospital BioBank, and 

subsequently being used for future REC approved Inflammatory Bowel Disease research studies.  

 

7. I understand and agree to information and data obtained from work carried out on my tissue and              
blood may be used for reputable publication and presentation.  

 

8. I understand and agree to data relating to my donated samples being stored electronically.  

 

 

 Please Initial All Boxes 
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Consent Form: Version 2.2 Date: 01/02/2016 

2 

2 

 

9. I understand that on no occasion will my identity be revealed without further explicit written consent. 

 

10. I understand that I will not benefit financially if this research leads to the development of a new          

treatment or medical test. 

 

11. I agree to take part in the above study.    

 

 

 

 

            

Name of participant   Date    Signature 

  

 

 

 

                               

            

Name of person    Date    Signature  

taking consent  
 
 
CONTACT: 

 

 
PhD Student:  Dr Thomas C Shepherd MBBS MRCP 

UCL Institute for Liver and Digestive Health 
University College London 

Royal Free Hospital Campus U3 

Rowland Hill Street                                                                                  
London NW3 2PF                                                                                              

United Kingdom 
Email: tom.c.shepherd@me.com 
Tel: 07739 136 838 
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