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AIMS 
 

1. Investigate expression, alteration in levels and post-translational 

modifications (PTMs) in keratin 8, 18 and 19 in colonic mucosa of 

patients with ulcerative colitis as a potential aetiological factor in either 

the pathogenesis of inflammatory changes in the mucosa or in 

development of colitis associated colorectal cancers.  

2. Recruit and investigate the following categories of patients. 

a. Patients with active colitis compared with inactive colitis and 

controls: to identify proteomic changes as a consequence of 

inflammation on the colonic mucosa.  

b. Patients with active colitis comparing samples from inflamed 

mucosa with those from normal (i.e. uninvolved) mucosa in the 

same patient (i.e. above the “cut-off” between inflamed and 

normal tissue): to identify any changes in the mucosa between 

the inflamed and normal colonic mucosa in the same patient 

c. Patients with longstanding colitis compared with newly diagnosed 

colitis (with same disease activity scores): to identify any 

proteomic changes in the colonic mucosa as a consequence of 

increased duration of the disease.  

d. Mucosa in patients with cancer or high-grade dysplasia (HGD) 

elsewhere in the colon (to check for any field effect): since 

dysplasia in the colonic mucosa is often multifocal, we intend to 

identify proteomic changes in mucosa away from the area of 

dysplasia  

e. Colitis patients with concurrent primary sclerosing cholangitis 

(PSC): to identify changes in the colonic mucosa in this high-risk 

group.  

3. Develop method for analysis of insoluble keratins in the colorectal 

mucosa   
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OBJECTIVES 
 

1. Obtain ethical approval for the study  

2. Recruit newly diagnosed patients with UC 

3. Recruit previously diagnosed patients with a history of UC at follow-up 
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5. Obtain biopsies from active and quiescent regions of the colon at 

colonoscopy or flexible sigmoidoscopy 

6. Undertake biopsy fractionation and separation of intermediate filament 

proteins 

7. Develop strategies for effective solubilisation of IF proteins to enable 

parallel analyses by mass spectrometry and immunoblotting 

8. Undertake mass spectrometry of pooled samples categorised into distinct 

8 groups of patients and controls 

9. Validate proteomic targets using immunoblotting approaches 
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11. Analyse alterations in K8 phosphorylation and acetylation by 

immunoblotting approaches 
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Background 

Ulcerative colitis(UC) is a chronic inflammatory disease of the colon 

associated with increased cancer risk of colitis associated cancer(CAC). 

Keratins(K) are intermediate filament(IF) proteins, and are key component of 

the cellular cytoskeleton. K8 null mice develop colitis; a subset of IBD patients 

have mutation in K8 gene. Keratins play a role in cell-death signalling 

pathways; epithelial cells lacking K8 and K18 are more sensitive to TNF-

mediated apoptosis. 

Methods 

Colonic biopsies obtained from UC patients (and controls) were grouped into 

eight categories based on risk of cancer and presence of mucosal 

inflammation: quiescent recent onset (<5 years) UC (ROUC); quiescent long-

standing pancolitis (20–40 years) (LSPC); UC with primary sclerosing 

cholangitis (PSC); active colitis (ACT) and un-inflamed proximal colonic 

mucosa (INACT) in the same patient; pancolitis with dysplasia-both dysplastic 

lesions (DT) and distal rectal mucosa (DR). An iTRAQ and western 

immunoblotting compatible extraction and solubilisation protocol for insoluble 

IF proteins was developed. Labelled peptides from pooled patient groups 

were analysed by quantitative proteomics. Results noted were validated by 

western immunoblotting. 

Results 

52 proteins were identified, 32(61.5%) were matched by 2 or more peptides. 

Acute inflammation was associated with reduced K8, K18, K19 and vimentin 

(p<0.05) compared to controls and un-inflamed mucosa; reduced levels were 

also seen in DT and DR. LSPC relative to controls or ROUC showed 

increased levels of IF proteins (K8, K18, K19 and vimentin, p<0.05). Multiple 

forms of K8 forms were identified on immunoblotting; in aggressive 

phenotypes relative K8 phosphorylation (K8pS23) was reduced along with an 

increase in vimentin:K8 ratio. Acute inflammation reduces K8 levels and 
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phosphorylation; such changes are restored in longstanding quiescent 

disease LSPC but not in ROUC (despite clinical and endoscopic remission). 

Conclusion 

Alteration in mucosal levels of IF proteins (keratin and vimentin) may play a 

role in pathogenesis of colitis associated cancers. 
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1.1 Ulcerative colitis 

Ulcerative colitis (UC) is a chronic, inflammatory disease bowel disease (IBD) 

affecting the large bowel (colon) often with a relapsing and remitting clinical 

course [1]. The main symptoms of the condition include diarrhoea, often 

bloody diarrhoea with passage of mucus. Other symptoms which can be 

variably present include abdominal pain, tenesmus or fever [2].  

1.1.1 Disease distribution 

The distribution of the disease in the colon is quite variable and is 

summarised in table 1.1. The distribution of disease in the colon can progress 

or regress with time. The risk of proximal extension of proctitis (rectal 

involvement with colitis) is estimated to be between 41-54% over a 10-year 

period. Regression of the disease too may be occur; rates varying between 

1.6% to 71% over 10 years have been noted [1].  

Table 1.1 Montreal classification of ulcerative colitis based on disease extent in the colon. 

Adapted from [1] 

 
Extent Nomenclature Anatomy 

 
E1  
 

Ulcerative proctitis Involvement limited to 
the rectum (that is, 
proximal extent of 
inflammation is distal to 
the recto-sigmoid 
junction) 
 

E2 Left sided UC (distal 
UC) 

Involvement limited to a 
proportion of the colo-
rectum distal to the 
splenic flexure 
 

E3 Extensive UC 
(pancolitis) 

Involvement extends 
proximal to the splenic 
flexure 
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1.1.2 Epidemiology 

The incidence rate of UC in Europe varies from 1.5 to 20.3 cases per 100,000 

person-years [3]. Its age-sex adjusted point prevalence was noted in a 

general practice database based study from Northern England at 243 per 

100,000 persons (CI:217.4±269.4) [4]. Although it is usually recognized as a 

disease of younger people, with a peak incidence between 10 to 40 years, it 

can affect any age. In fact, 15% of patients are noted to be above 60 years of 

age at diagnosis [2]. 

1.1.3 Aetiopathogenesis 

The aetiology of UC remains unknown and no single agent or distinct single 

mechanism has been implicated in the pathogenesis of ulcerative colitis [5]; it 

is rather believed that several factors may contribute. UC may develop in 

genetically susceptible individuals as a consequence of disturbance in the 

homeostasis between the normal commensal intestinal bacterial microflora 

and the host immune system. These processes result in activation of different 

immunological and non-immunological responses involving a variety of cell 

types [6, 7]. Various environmental factors are believed to contribute. This 

theory involves four diverse components: genetic susceptibility, environmental 

triggers and an altered immune response to luminal microbial antigens, which 

interact for the condition to become clinically apparent (figure 1.1) [8].  

Environmental factors which may be significant include cigarette smoking and 

previous appendectomy; smokers have a significantly reduced risk of UC [9]. 

Appendectomy too is associated with almost 70% reduction in risk of 

developing UC [10]. It is felt that such environmental factors may trigger off 

the disease in susceptible individuals. There is an activation of the innate 

(macrophage, neutrophil) and acquired (T and B cell) immune responses and 

loss of tolerance to enteric commensal bacteria [11]. 

Several genomic loci have been identified in patients which increase the 

susceptibility to IBD in general; these may however represent only a small 
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subset of all genes involved in the pathogenesis of IBD [12]. The genes 

implicated in the pathogenesis of IBD are believed to modulate innate immune 

responses and barrier function of the colonic mucosa. MDR1 is one such 

gene associated with ulcerative colitis [13]. Multi drug resistance gene 1 

(MDR1) deleted mice have been noted to develop colitis [13-15]. 

Figure 1.1 Various factors(viz. host immune response, environmental factors and 
gastrointestinal microbes), which interact and contribute to the pathogenesis of ulcerative 
colitis in genetically susceptible individuals. Adapted from [8] 
 
 

 
 

 

 

1.1.4 Natural history of the disease 

The natural history of UC is unpredictable and characterised by disease flares 

(exacerbations) and quiescent periods (remission). Most patients present with 

mild to moderate disease; 10% will have severe disease at presentation [16, 

17]. About 50% of patients experience a flare up of their symptoms in any 

year [2]. It is believed that approximately 15% of patients with UC will have a 

severe flare up of their disease at some point.  A smaller number have a 
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frequently relapsing or chronic, continuous disease [2]. Around 10-40% of 

patients may have to undergo colectomy [16, 17]. In addition, a small number 

of patients with UC will develop colon cancers (see below). 

1.2 Cancer in ulcerative colitis 

Patients with long standing ulcerative colitis have an increased risk of 

developing colorectal cancer (CRC). IBD as a risk factor in the development 

of colorectal cancer was first described by Crohn and Rosenberg in 1925 [18]. 

Although CRC in IBD constitutes only 1% of all cases of colorectal cancers, 

patients with IBD represent one of the groups with highest risk for developing 

this complication [19]. 

Dysplasia (defined as unequivocal neoplasia of the epithelium confined to the 

basement membrane without invasion into the lamina propria) represents the 

pre-malignant phase of the condition [20]. Dysplasia in UC is usually classified 

as per Riddel et al  [20] (Table 1.2). 

Table 1.2: Classification of dysplasia in ulcerative colitis [20] 

 

1 Negative for dysplasia 

2 Indefinite for dysplasia 

3 Low grade dysplasia 

4 High grade dysplasia 

 

In patients who harbour low grade dysplasia and undergo immediate 

colectomy, 19% will already have concurrent CRC or high grade dysplasia 
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(HGD) [21]. HGD carries a 43% risk of synchronous malignancy and is 

considered to be an indication for immediate colectomy [21]  

1.2.1 Risk factors for colitis associated cancers 

Various factors have now been shown to be associated with an increased risk 

of colorectal cancer in UC. These are elucidated below. 

1.2.1.1 Duration of colitis 

Overall the most important factor identified across most studies is the duration 

of the disease. In a meta-analysis by Eaden et al, the cumulative CRC 

incidence was noted at 2% at 10 years, 8% at 20 years and 18% at 30 years  

[22]. The prospective surveillance programme at St Marks Hospital over 30 

years showed that cumulative incidence of CRC by colitis duration was 2.5% 

at 20 years, 7.6% at 30 years, and 10.8% at 40 years [23]. Since the risk of 

CRC increases appreciably after 8 to 10 years of disease, British and 

American Gastroenterology Societies advocate surveillance colonoscopies to 

commence at this stage [24-26]. A retrospective study from The Netherlands 

has shown that the diagnosis of colorectal cancer is delayed or missed in a 

large number of patients (17–28%) when surveillance is conducted according 

to standard guidelines [27]. Despite that, it is generally accepted that 

commencing surveillance prior to 8 years of disease increases the cost of a 

surveillance program without any significant benefit [28].  

1.2.1.2 Anatomical extent of disease in the colon 

Extent of the disease in the colon is another important risk factor. Overall 

there is little or no increased risk of CRC in patients who have proctitis (UC 

limited to the rectum) or proctosigmoiditis (colitis involving the rectum and 

sigmoid colon); in patients with left sided disease, the risk is considered as 

intermediate [29, 30]. A population based cohort study from Sweden in 

patients with UC assessed by barium enema, showed a standard incidence 

ratio of 1.7 [95% confidence interval (CI) 0.8-3.2] in patients with proctitis; this 

was 2.8 (95% CI 1.6-4.4) in patients with left sided disease and in those with 

pancolitis was 14.8 (95% CI 11.4-18.9) [30]. Histological extent of disease in 
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the colon may be more important. A review of histology specimens in 30 

patients who had undergone colectomy, showed that colitis associated 

neoplasia can occur in areas of the colon not grossly involved with colitis [31].  

Heuschen et al evaluated the significance of backwash ileitis (the presence of 

mucosal inflammation in the terminal ileum in patients with pancolitis) in UC 

as a risk factor for CRC [32]. They prospectively analysed 590 consecutive 

patients with UC who had a restorative proctocolectomy. Although backwash 

ileitis was noted to increase the risk of colon cancer by 3 fold this has not 

been replicated in subsequent studies [33]. The increased risk noted in 

patients with backwash ileitis may just be a consequence of the fact that these 

patients have pancolitis.  

1.2.1.3  Family history of colon cancer 

A positive family history of sporadic CRC is associated with an increased risk 

of CRC in patients with UC. A population based cohort study from Sweden, 

found that a positive family history of CRC was associated with a more than 2-

fold increased risk of CRC in patients with IBD (adjusted RR, 2.5; 95% CI, 1.4 

– 4.4) [34]. IBD patients who had a first-degree relative diagnosed with CRC 

before the age of 50 were also noted in this study to have much higher risk 

(RR 9.2, 95% CI 3.7-23) [34]. In a recent case–control study of patients with 

pancolitis, family history of CRC was associated with an increased risk [HR 

3.37 (1.02 – 11.14)] [35]. A family history of sporadic colorectal cancer was 

again noted as an independent risk factor for cancer in ulcerative colitis (odds 

ratio, 2.33; 95% CI, 1.06–5.14; P = 0.03) in a case-control study from the 

Mayo Clinic [36]. 

1.2.1.4  Role of inflammation 

The role of inflammation in the pathogenesis and progression of colorectal 

and other cancers is well established [37, 38]. Once a tumour is initiated there 

is suppression of anti-tumour immunity; pro-angiogenesis and chronic 

stimulation of cellular proliferation promotes tumourigenesis [39].This has also 

been corroborated in animal (mouse) models of colitis. Mice administered 

dextran sulfate sodium (DSS) which causes colonic inflammation have shown 
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changes of dysplasia in the colon followed by development of colorectal 

cancer [40]. The pro-inflammatory cytokines TNF∝(tumour necrosis factor ∝), 

IL6 and IL 23 have been shown to contribute to the neoplastic changes [41-

46].   

Severity of inflammation in the colon is now recognised as an independent 

risk factor for colorectal cancer. In a case-control study by Rutter et al, 68 

patients with long standing ulcerative colitis were assessed endoscopically. 

On univariate analysis, a significant correlation was noted between the 

colonoscopic (odds ratio, 2.5; P = 0.001) and histological (odds ratio, 5.1; P < 
0.001) inflammation scores and risk of colorectal cancer.  Multivariate 

analysis, showed the association of histological inflammation score as being 

significant (odds ratio, 4.7; P < 0.001) [47]. 

In another cohort study of 418 patients with UC, the severity of inflammation 

on histology in biopsy specimens was assessed using a 4-point scale. 

Progression to neoplasia was analysed using proportional hazards models 

with the inflammation. Of the study patients, 15 were noted to progress to 

advanced neoplasia (high grade dysplasia or colorectal cancer); 65 patients 

progressed to low-grade dysplasia, high-grade dysplasia, or colorectal cancer. 

Both univariate and multivariate analysis showed significant relationships 

between inflammation on histology and subsequent progression to advanced 

neoplasia (hazard ratio, 3.0; 95% CI, 1.4 – 6.3) [48].   

Post-inflammatory pseudo polyps, a commonly noted benign finding at 

endoscopy that reflects underlying inflammation and regeneration has been 

shown to predict neoplastic changes. Patients with post-inflammatory polyps 

were noted by Rutter et al to have twice the risk of colorectal cancers (OR 

2.29; 95% CI: 1.28–4.11) [49]. Similar findings were also noted in another 

study (OR, 2.5; 95% CI: 1.4–4.6) [50] 

1.2.1.5  Primary Sclerosing Cholangitis 

Primary sclerosing cholangitis (PSC) is a rare chronic fibrotic disease of the 

biliary tract of unknown aetiology. About 80% of patients with PSC have 

concomitant IBD [51, 52]. Association of PSC in patients with UC has been 
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shown to confer an increased risk of colorectal cancer. In a population based 

study from Sweden, the incidence of CRC was noted at 10%, 33% and 40% 

respectively at 10, 20 and 30 years respectively [53].  A meta analysis of 11 

studies conducted by Soetikno et al noted an approximate 4-fold increased 

risk of colorectal neoplasia in patients with PSC and UC (OR 4.79, 95% CI 

3.58-6.41) [54]. A recent Dutch study of 211 patients with PSC, of whom 60% 

had concomitant IBD showed that the 10-year and 20-year risks for CRC were 

14% and 31% respectively. This was significantly higher than for patients 

without IBD (2% and 2% respectively (P = 0.008)) [55]. 

In patients with PSC and UC who had undergone orthotopic liver 

transplantation  (for curative treatment of their biliary tract disease), the risk of 

CRC still remains high [56, 57]. Patients with UC and PSC should undergo 

annual colonoscopy commencing at the time of diagnosis of PSC, and 

continue indefinitely, even following liver transplantation [28]. Ursodeoxycholic 

acid (UDCA) (which is the most extensively studied medical therapy of this 

condition) use in patients with concomitant PSC and UC too has been shown 

to reduce the incidence of CRC and dysplasia [58]. There is good evidence 

that UDCA can induce histone hypoacetylation and senescence in colon 

cancer cells [59]. 

1.2.2 Surveillance for dysplasia and colorectal cancers in ulcerative 
colitis 

Unlike sporadic CRC, which begins as dysplastic adenomas, usually in the 

form of polypoid lesions, dysplasia in IBD can arise in apparently normal 

appearing mucosa at endoscopy.  Progression of neoplastic changes in UC 

usually occurs in a stepwise manner of histological changes. It commences 

from negative to indefinite for dysplasia and eventually progresses to low-

grade dysplasia, high-grade dysplasia (HGD) and ultimately cancer [20] 

(Table 3). Dysplasia and cancers in colitis are often multifocal. 

Current guidelines advocate routine surveillance colonoscopy and biopsies as 

the cornerstone of prevention [2, 26, 60]. Although colonoscopic surveillance 

in patients with UC has never been investigated by a randomised clinical trial, 
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this is still considered the gold standard for identification of histological 

dysplasia as markers of premalignant changes. The American Society for 

Gastrointestinal Endoscopy guidelines suggests quadrantic non-targeted 

biopsies for every 10 cm of colon, equating to 20–40 biopsies per colon [25].  

Rubin et al noted that 33 biopsy specimens are needed to detect dysplasia 

with 90% probability [61].  A recent update to the British guidelines has 

highlighted chromoendoscopy and targeted biopsy as possible alternatives to 

multiple random biopsies [26].  

1.2.2.1 Limitations of current surveillance strategies 

The strategy of multiple colonic biopsies however has its limitations, perhaps 

most notably non-adherence to accepted guidelines [62]. A survey showed 

that 57% of British gastroenterologists took 10 or less biopsies during each 

colonoscopy, and only 2% of endoscopists took more than 20 biopsies [63], 

perhaps reflecting financial and time constraints both at colonoscopy and in 

the pathology department, as also a perceived lack of benefit[64]. In addition, 

there is also a potential for sampling error associated with non-targeted 

biopsies to look for flat dysplasia [65]. Tissue obtained from the colon at 

colonoscopic surveillance probably only samples less than 0.1% of the colonic 

mucosa[66]. The inter- and intra-pathologist-dependent interpretation of 

dysplasia in biopsy samples is another potential limitation [61, 62, 67]. Finally, 

the evidence demonstrating a benefit from surveillance colonoscopy is also 

limited. In particular, there is no evidence of prolongation of survival. Although 

cancers tend to be detected at an earlier stage with better prognosis, this 

could be accounted for by a ‘lead-time’ bias [68]. 

1.2.2.2  Need for a pan-colonic biomarker 

In view of the perceived shortcomings of the current endoscopic strategies, 

alternate technologies are required to enable early identification and 

diagnoses of neoplastic changes in colitis, as also enable a better 

understanding of the pathogenesis of such changes. Biomarkers are specific 

proteins or molecules that act as surrogate markers of disease states [69]. In 

recent years as a consequence better understanding of protein biology and 
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their interactions, there is now an increased emphasis on identifying such 

biomarker molecules. Since CRC and dysplasia in colitis can develop 

insidiously and in apparently normal mucosa, biomarkers might enable us in 

future to identify such neoplastic changes at an early stage. Colitis associated 

CRC is usually preceded by and co-exists with dysplastic changes elsewhere 

in the bowel. There is therefore a potential to explore biomarkers that could be 

exploited to improve cancer detection and therefore surveillance.  

Neoplastic changes in colitis have been shown to be associated with genomic 

abnormalities throughout the whole colon, including in the non-dysplastic 

mucosa. This is referred to as molecular field defect or genomic field defect 

[70-73]. Chen et al investigated patients with long standing UC, 11 of whom 

had dysplasia/cancer (termed progressors); the other group of 10 patients 

without any dysplasia (termed non-progressors) [71]. Polymerase chain 

reaction (PCR) based DNA fingerprinting was used to measure quantitatively 

genomic instability. UC progressors had marked genomic instability, which 

was noted in both their dysplastic and non-dysplastic colonic mucosa. These 

changes were not evident in the most of the non-progressors. The degree of 

genomic instability in non-dysplastic mucosa was similar to that noted in the 

dysplastic/cancerous mucosa from the same patient, suggesting that these 

changes are widespread. These results suggest that UC patients who develop 

dysplasia or cancer have an underlying process of genomic instability in their 

colonic mucosa. In another study using dual colour fluorescence in situ 

hybridization with centromere probes and locus-specific arm probes for 

chromosomes 8, 11, 17, and 18, chromosomal instability was shown to be 

present throughout the colon of UC patients with HGD or cancer [70].Since 

genomic field defects occur in the colonic mucosa, a pan colonic biomarker 

could potentially avoid the pitfalls of sampling error associated with random 

colonic mucosal biopsy.  

It is increasingly recognised that gene expression does not correlate well at 

the level of protein expression or activation [74]. Information about DNA 

sequences or RNA expression alone cannot provide enough insight into the 

structure or interactions of various proteins [75]. Several other factors like 
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post-translational modifications (PTM) of proteins may be more important in 

controlling and regulating protein activation and stability. The emerging field of 

proteomics has developed in order to understand the expression, biological 

function, and regulation of the proteins [76, 77]. A range of diseases has been 

investigated using proteomic techniques, with the development of biomarkers 

for early cancer diagnosis, and only a few have focused on IBD (see below, 

section 1.3.2, page 36). Information obtained using proteomic techniques 

could potentially help in understanding complex biological processes 

occurring at a molecular level, in differing cell types, and their changes in a 

number of disease states [78]. It is currently felt that the new and emerging 

proteomic technologies may provide us with a better insight into critical 

changes that occur at different stages of IBD pathogenesis. They may also be 

used as novel biomarkers for diagnosis, assessing disease activity and in 

quantifying prognosis in different disease states.  

1.3 Proteomics 

In recent years, ‘Proteomics’ the science of large-scale analysis of proteins in 

biological tissues has been developed as an alternative to traditional protein 

biochemistry, which tends to focus on one or few individual proteins. The 

available proteomic techniques, biology of proteins identified in inflammatory 

bowel disease and their alterations (and potential for use of proteomic 

technologies in diagnosis and management of this complex condition) are 

described below.  

1.3.1 Proteome and proteomics 

The term ‘Proteome’ the entire set of proteins encoded for by the genome, 

and ‘Proteomics’ (study of the proteome in biological tissues)(Figure 1.2)  [79, 

80] have been coined only fairly recently. Proteomics has emerged as an 

important tool in our understanding of various physiological and disease 

states. It is now known that in biological tissues, proteins constitute the main 

structural elements, as well as the messengers in signalling pathways [81]. It 

is increasingly being recognised that despite having mapped the human 

genome (and other plant and animal genomic sequences) and the protein 
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encoding genes in them, there is a marked discrepancy with the sheer 

number of proteins produced as well as in their biological functions [74]. A 

linear relationship between the proteome and the genes does not exist and a 

variety of other metabolic and regulatory pathways are involved [75]. 

Proteomics has enabled us to obtain a better understanding of the expression 

of proteins, their structure and alterations (isoforms and post translational 

modified forms) localisation in cellular tissue, interactions with other proteins 

(and signal pathways) as well as their physiological and pathophysiological 

functions [82, 83].  
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Figure 1.2 The central role of proteomics in identifying expression, alteration and functions of 

proteins in biological tissues. This can enable identification of biomarkers, which could aid in 

diagnosing clinical conditions, assessing disease states and provide insight into disease 

prognosis. 

 

 

1.3.1.1 Proteomic techniques 

The central technique in all proteomic strategies is tandem mass spectrometry 

(MS/MS), which enables a measure of the ratio of mass to charge for ionised 

constituents like peptides. Sample preparation and identifying the clinical 

context are also critically important in most proteomic experiments Essential 

strategies for analysing biological samples are summarised in figure 1.3.  

A variety of mass spectrometry techniques including quantitative proteomic 

techniques [(isotope coded affinity tagging (ICAT), stable isotope labeling with 

amino acids in cell cultures (SILAC) and isobaric tag for relative and absolute 

quantitation (iTRAQ)], protein/antibody arrays, and multi-epitope-ligand 

cartograph have been developed for identifying and quantifying proteins [78]. 

Due to the complexity of biological tissues, a single technique may be 
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inappropriate for all [84]; in addition the role of sample preparation and 

subcellular fractionation acquires an additional significance.  

 

Figure 1.3 Proteomic analysis of biological samples commences with sample preparation. 

This might involve steps like protein depletion (to remove the most abundant protein eg. while 

analysing serum proteins). Following trypsin digestion, proteins are separated and identified 

using protein databases like Swissprot/Uniprot. Relative quantification of peptides is possible 

using techniques described  [78]. 

 

 

1.3.1.2 Protein separation techniques 

There are in general three distinct techniques for protein separation from 

biological samples. 

1.3.1.2.1  One dimensional electrophoresis 

In 1DE, proteins are initially separated by standard gel electrophoresis. 

Subsequently the entire lane or identified bands in the gel in a defined 
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molecular weight distribution are excised into gel slices followed by trypsin 

digestion. The digested samples are then analysed by LC-MS. Although a 

time consuming process, an advantage of this technique is that the SDS-

PAGE gel provides an indication of the molecular weights of the resolved 

protein samples, which can provide information about protein modifications 

[78]. In addition, solubilisation of proteins in SDS results in maximal yield of 

resolved proteins [78]. 

1.3.1.2.2  Two dimensional electrophoresis 

In this technique, proteins are resolved initially according to their charge using 

specific immobilised pH gradient strips(IPG), by a process known as iso-

electric focusing(IEF) followed by separation based on their molecular weight 

in the second dimension using standard SDS-PAGE gels. The resolved 

proteins are identified as discrete spots on gels following staining with specific 

stains like silver stain, Coomassie blue etc. The identified gel spots are then 

excised followed by trypsin digestion and subsequently analysed by either 

tandem MS (MS/MS) or peptide mass fingerprinting (PMF). One of the 

greatest advantages of using this technique lies in the ability to identify post-

translational modifications in complex biological mixtures [85]. Nevertheless, 

solubilisation of protein mixtures remains a limitation particularly in the context 

of compatibility with IEF. In addition there are difficulties in separation of very 

basic or high or low molecular weight proteins [78].  

1.3.1.2.3 Shotgun proteomics (LC-MS/MS) 

A gel-free approach towards identifying peptides can be achieved by shotgun 

proteomic technique or bottom-up proteomics. In this technique the following 

initial digestion, the solubilised proteins are separated by liquid 

chromatography. Using chromatography columns, peptides are separated 

(eluted) on the basis of their relative hydrophobicity. The proteomic workflow 

for identifying peptides initially eluted by liquid chromatography is termed as 

LC-MS/MS, with electrospray ionisation (ESI) usually being the preferred MS 

technique.   
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1.3.2 Proteomic studies in IBD  

A variety of studies have investigated proteomic changes in IBD. These are 

summarised below. 

1.3.2.1 Studies investigating proteomic markers in IBD pathogenesis 

In a small study involving 4 patients with active UC, Hseih et al investigated 

proteomic changes in actively inflamed colonic mucosa and compared the 

changes noted with un-inflamed mucosa of the same patients, patients with 

infectious colitis as well as healthy controls[86]. 40 spots were differentially 

expressed between diseased and normal colonic mucosa. Several down-

regulated and up-regulated proteins were noted, the former included 

mitochondrial proteins (heat-shock protein 90, heat-shock protein 60, H1-

transporting two-sector ATPase, prohibitin, mitochondrial malate 

dehydrogenase, thioredoxin peroxidase, voltage-dependent anion-selective 

channel protein 1, and thiol-specific antioxidant) as well as proteins involved 

in energy generation (ATP5B, MDH2, triosephosphate isomerase) cellular 

antioxidants (PRDX1, PRDX2, SELENBP1) and stress proteins (HSPD1, 

HSPA9B, PRDX1, PRDX2, PHB, VDAC1). Up-regulated proteins included 

NFAT C1, vimentin and TRA1. Five-protein deregulation was specific for 

patients with UC (HSPD1, vimentin, TRA1, PHB, and galectin-3). The protein 

profile in the diseased colonic mucosa compared to un-involved mucosa in 

UC patients was relatively similar, although a specific protein, PHB, a 

component of mitochondrial inner membrane was down-expressed in the 

inactive segment only. On IHC, a difference in subcellular distribution of 

Galectin-3 was noted between colonocytes in normal mucosa (distributed in 

nuclei and cytoplasm) and diseased mucosa (in secreted mucus). These 

changes suggest specific mitochondrial dysfunction in the colonic mucosa in 

UC patients, changes that tended to occur even in the un-involved mucosa.  

Fogt et al investigated proteomic changes in the mucosa and submucosa 

from colectomy specimens of 5 patients with longstanding UC (3 with 

pancolitis, one each with subtotal colitis and sigmoid colitis) [87]. Using 2D 

electrophoresis coupled with LC-MS/MS, they investigated the proteomic 
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profile of the inflamed segments of the colon and identified 7 protein spots 

with proteins associated with inflammation and tissue repair, viz caldesmon, 

protocadherin, α-1 anti trypsin, and tetratricopeptide repeat domains in the 

inflamed tissues.  Fibroblastic proliferation in the colitis stroma could account 

for increased levels of caldesmon. In addition, mutated forms of desmin, 

verified by western blotting were noted in all 5 cases in the involved mucosa. 

The significance of these findings is unclear, and may constitute a primary or 

secondary event in pathogenesis of UC.  

Effects of inflammation on proteome in mice have also been investigated 

using 2D- difference gel electrophoresis (2D-DIGE) coupled with MALDI-TOF 

MS analysis of colonic mucosa in DSS colitis mice [88]. Several proteins are 

down regulated in the inflamed mucosa, including vimentin, peroxiredoxin-6, 

disulphide isomerase A3. Up-regulated proteins included serpin b1a, HMG 

CoA synthase 2.  

Proteomic profile in intestinal epithelial cells (IEC) of Crohn’s patients and 

healthy mucosa in patients with cancer and diverticulitis was investigated by 

Nanni et al  [89]. In addition, they investigated colon adenocarcinoma cell 

lines HT29 Cl.16E with or without treatment with IFN-γ to simulate mucosal 

inflammation in Crohn’s disease. Following fractionation of proteins into four 

compartments- membrane, cytosolic, nuclear and cytoskeletal, a label-free 

MS comparative proteomic strategy was used to identify altered protein 

expression in the cell lines as well as IEC. IFN-γ treated cells demonstrated 

up-regulated cytosolic protein, adenosylhomocysteinase, a protein involved in 

regulation of methylation with an important role in in inflammation in epithelial 

cells[89]. Several other proteins were upregulated in IEC of Crohn’s patients 

including cytosolic protein TRYA1 (associated with altered paracellular 

permeability in the intestine) and HSP70 (involved in intestinal epithelial 

protection).  

Functional proteomic approaches to identify proteomic changes in cultured 

colonic epithelial cells after treatment with cytokines have also been studied 

[90]. Human adenocarcinoma cells DLD-1 before and after treatment with 

interferon ϒ, IL-1β and IL-6 were noted to express several proteins including 
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tryptophanyl-tRNA synthatase, indoleamine 2,3 dioxygenase (IDO), lipocortin 

1, JKTBP1 (a nuclear ribonucleoprotein), IFP 35 (interferon induced 35 kDa 

protein) and proteasome LMP2 were identified. Using colonic epithelial cells 

isolated from colonic crypts from patients with IBD and diverticulitis, IDO 

expression was found increased by western blotting in 85% of IBD patients; 

levels however were undetectable in either diverticulitis or in normal colonic 

mucosa. This suggests role of specific enzymes, involved in tryptophan 

metabolism in the pathogenesis of IBD.  

In another study of macrophages with serum exosomes isolated from DSS 

induced mice identified phosphorylation of p38 and ERK and production of 

TNF α. Subsequent proteomic analysis identified 56 differentially expressed 

proteins, majority of which were acute-phase proteins and immunoglobulins 

and involved in macrophage activation [91]. 

1.3.2.2 Proteomics to identify diagnostic biomarkers in IBD 

Serum sample analyses to identify biomarkers of Crohn’s disease have been 

evaluated[92]. As serum contains many abundant proteins (see above), an 

ultrafiltration technique to enrich LMW proteins up to 10kDa was employed. 

Despite enrichment, subsequent LC-MS/MS analysis only identified several 

up-regulated proteins in CD patients. Fibrinopeptide A, a fibrinogen by-

product, complement 3 protein and its fragment C3f are increased as is 

apolipoprotein A-IV, the later often considered as an independent predictor of 

disease activity in patients with IBD [93]. 

Serum proteomic profiling to diagnose IBD and discriminate UC from CD as 

well as other inflammatory states in the bowel has been investigated [94]. 

Using two types of chip arrays coupled with SELDI-TOF MS followed by a 

multivariate analysis model they identified potential discriminating acute 

phase protein biomarkers including PF4, Hpα2, FIBA and MRP8. Although a 

low sensitivity was noted in discriminating between active UC and CD, they 

may hold promise when combined with other biomarkers. 

Similarly colonic biopsies with proteomic profiling of colonic mucosa and 

submucosa have been used to investigate effects of inflammation as well as 
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to distinguish between UC and CD [95]. Using a technique of histology-

directed protein profiling, which enables contiguous sections of tissue sample 

to be analysed by MS and histology M’Koma et al identified 2 discrete 

significant peaks between inflamed UC and CD submucosa  (m/z 8773 and 

9245) and 3 significant discrete peaks discriminating between un-inflamed UC 

and CD submucosa (m/z 2778, 9232, and 9519), without any significant 

difference between inflamed UC and CD mucosa possibly in keeping with the 

distribution of inflammation in both the conditions. In addition, effect of 

inflammation in both UC and CD was noted by presence of significant peaks 

between inflamed and un-inflamed mucosa. Although this study did not delve 

into protein identification or include healthy controls / non-IBD inflamed colon, 

nevertheless the results are significant as it identified protein signatures which 

might enable differentiation of colitis in cases which appear indeterminate on 

routine histology. 

In another proteomic study (using 2D gel electrophoresis and MALDI 

TOF/TOF tandem MS) circulating protein samples were investigated in 

interleukin-10 knockout (IL-10−/−) mice, collected at day 30, 93 and 135 [96]. 

This mouse model, where alteration in colonic mucosa are predictable over 

time enabled a longitudinal assessment of proteomic changes. Fifteen 

proteins were differentially expressed in sera of mice with mid to late stages of 

inflammation, compared to non-inflamed IL-10−/− mice including hemopexin, 

transferrin, haptoglobin, contrapsin and SERPINA 1.  

Another pilot proteomic study, in patients with stricturing Crohn’s disease 

identified proteins involved in complement activation, fibrinolytic pathways, 

and lymphocyte adhesion [97]. 

1.3.2.3 Marker of inflammation induced colon cancer pathogenesis 

Proteins associated with inflammation induced colonic tumourigenesis have 

been investigated in a dextran sodium sulfate (DSS) colitis model[98]. In 

rodents, oral DSS administration induces colonic inflammation, which is 

similar clinically and histologically to human UC. An “inflammation-dysplasia 

carcinoma sequence” of CRC development is also noted in such DSS colitis 
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model[98].  6-weekold C57BL/6J mice were exposed to 15 cycles of DSS; 

colorectal tumours developed in 91.6% of the mice. 2-DE demonstrated more 

than 1.5-fold differential expression of 38 protein spots in density in colon 

tumours compared to normal colon. Using a MALDI-TOF MS, 27 proteins 

were identified, including GRP 94, HSC 70, enolase, prohibitin, and 

transgelin. While GRP 94 expression was increased in colon cancer tissue 

relative to normal colon, there was a 3.4-fold reduction of transgelin 

expression in colon tumours, which was confirmed by western blotting and 

immunohistochemistry. Further western blotting revealed loss of expression of 

transgelin in human colorectal cancer tissue. This loss of transgelin has thus 

been suggested as a candidate biomarker of colitis-associated colon cancer. 

Chronic inflammation associated colorectal carcinogenesis has also been 

studied using an azoxymethane(AOM)/dextran sodium sulphate(DSS) mouse 

model[99]. AOM, a colonic carcinogen in combination to DSS has previously 

been shown to alter colonic mucosal gene expression[100]. Colonic tumours 

and non-tumour tissue were analysed by 2DE and MALDI-TOF MS identified 

21 differentially expressed proteins in the cancerous tissue with more than 3 

fold increase or decrease in the density in the cancerous tissue.  Proteins 

showing increased expression were beta-tropomyosin, tropomyosin 1 alpha 

isoform b, S100 calcium binding protein A9, peptidylprolylisomerase A and an 

unknown protein. 16 proteins were shown to have reduced expression, 

including Car 1 protein, selenium binding protein 1, HMG CoA synthase, 

thioredoxin I, I Cys peroxiredoxin protein 2, Fcgbp protein, cytochrome c 

oxidase, subunit Va, ETHEI protein etc. These are proteins associated with 

metabolic functions, antioxidant systems and oxidative stress pathways as 

well as inflammation.  

In contrast, in another study using UC associated cancer cell lines (UCCA-3, 

UCCA-21 and UCCA-24), a significantly higher expression of heat-shock 

protein of 47kDa (HSP47) was noted, in comparison to sporadic colorectal 

cancer cell lines [101]. HSP47 is an endoplasmic reticulum associated 

molecular chaperone and closely related to collagen in fibroblasts.  
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Using a label-free proteomics approach, May et al [102] identified potential 

biomarkers in  non-dysplastic and normal-appearing rectal tissue from UC 

patients who have dysplasia or cancer and compared them with UC patients 

who were dysplasia or cancer-free. An LTQ-Orbitrap hybrid mass 

spectrometer coupled with nanoflow HPLC was used in this study. Of the 

differentially expressed proteins mitochondrial proteins, cytoskeletal proteins, 

RAS superfamily, and apoptosis related proteins were important protein 

clusters expressed in the non-dysplastic and dysplastic tissues of UC 

progressors. Mitochondrial dysregulation has thus been suggested as having 

a role in pathogenesis of UC associated cancer. In addition in view of role of 

cytoskeletal proteins in regulation of contact inhibition, apoptosis and 

anchorage-independent cell growth [103], alteration in cytoskeletal proteins 

actin may contribute to tumour progression. TRAP1 (TNF receptor associated 

protein 1) a mitochondrial heat shock protein was increased by 2.41 fold in 

rectal biopsies of those with dysplasia, and in dysplastic tissue (1.74 fold). 

CPS1 (carbamoyl phosphate synthase 1) was not noted by MS/MS in any of 

the non-dysplastic patients. In this study, IHC using antibodies to TRAP1 and 

CPS1 was undertaken. Whereas only one of five non-dysplastic samples had 

moderate staining, all the progressors demonstrated moderate to strong 

staining. CPS1 showed a statistically significant difference in IHC staining 

between the nonprogressor and progressor groups. ROC analysis suggested 

rectal CPS1 staining could be used to predict dysplasia or cancer in the colon 

with 87% sensitivity and 45% specificity. These results are thus significant as 

they could herald potential minimal invasive tests to identify high-risk 

individuals with dysplasia/colon cancer elsewhere in the colon. 

Similarly iTRAQ based quantitative proteomic strategies too have been used 

to investigate pathogenesis and progression of colitis associated cancers  

[104]. In this study Brentnall et al compared proteomic changes in dysplastic 

and non-dysplastic mucosa from UC progressors (patients with UC patients 

having either HGD or cancer) to the colonic mucosa of UC non-progressors 

(patients with UC who are dysplasia-free) and healthy non-UC colon Using a 

2.0-fold change in protein expression as cutoff value, they noted 60 

differentially expressed proteins in UC non-progressors compared with 
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healthy colon, with 45 down-regulated and 15 up-regulated proteins. In UC 

progressors (compared with normal non-UC colon) the differentially 

expressed proteins were more than 90. Over expressed proteins in the colon 

increased with more aggressive disease. These included a variety of proteins 

including CPS1 (carbamoyl phosphate synthase 1), S100P, mitochondrial 

proteins as well as cytoskeletal proteins (including keratin) the later under- 

expressed in UC samples compared to healthy colon. S100 proteins 

(including S100P, S100A6, S100A11, and S100H), a family of calcium-binding 

proteins were differentially expressed in progressive disease, with highest 

expression noted in HGD. This study is significant as this for the first time 

demonstrated abnormality in the proteome of the non-dysplastic mucosa in 

patients with HGD/cancer. This suggests that genomic field defect noted 

previously [70, 71] in the rest of the colon also possibly extents to the 

proteome. In addition, they could be a pointer towards potential neoplastic 

changes before they have fully developed in the epithelium, thus potentially 

being useful as a biomarker to identify high-risk individuals. 

1.3.2.4 Marker of disease activity and response to treatment 

Kanmura et al investigated patients with IBD to identify any serological 

biomarkers of either disease activity or response to treatment [105]. The study 

included 48 patients with UC, and 22 with CD and compared them to healthy 

controls and CRC patients. Using a SELDI-TOF/MS Protein Chip system, 3 

proteins were identified as human neutrophil peptides 1–3 (HNP1-3). 

Enzyme-linked immunosorbent assays demonstrated that the mean plasma 

concentration of HNP 1–3 was significantly higher in patients with active UC 

than in patients whose UC was in remission or patients with CD, infectious 

colitis, or healthy subjects, and tended to be higher than in patients with colon 

cancer. There was a significant correlation between the HNP 1–3 levels and 

the UCDAI score or the white blood cell count (WBC) of UC patients (r = 0.54, 

P < 0.01; r = 0.55, P < 0.01, respectively). In addition, the levels of HNP1-3 

were also assayed in patients to identify any change with treatment with 

corticosteroids. In patients who failed to respond to therapy, baseline HNP 1–

3 levels were lower than those in the responder group and were not changed 
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after treatment whereas the elevated HNP 1–3 levels in the responder group 

were reduced after corticosteroid therapy. Using a cutoff value for HNP 1-3 of 

100 ng/mL, a sensitivity of 89% and a specificity of 80% when HNP 1-3 was 

used as a tool to discriminate responder UC patients from nonresponders. 

IHC with anti-HNP1-3 of colonic tissues showed strong staining of the colonic 

mucosa, lamina propria, muscle layer, and crypt abscesses in patients with 

active UC; the likely source of the HNP1-3 being the neutrophilic infiltrate.  

These results suggest a possible role of HNP 1–3 as a novel biomarker in 

diagnosing patients with active UC and for predicting response to treatment. 

In a pilot study using hydrophobic H4 protein chip arrays combined with 

SELDI-TOF mass spectrometer, Meuwis et al investigated response to anti 

TNF therapy in Crohn’s disease [106]. Serum samples of ten patients with 

active disease showing clear clinical response to Infliximab were compared 

before and after treatment (week 4 for non-fistulising and week 10 for 

fistulising patients) to non-responders. Although SELDI spectra identified 

Platelet aggregation factor 4 (PF4) as a potential biomarker on multivariate 

analysis as a predictor of response to treatment, subsequent validation tests 

failed to reveal any significant difference with ELISA for PF4, sCD40L 

(another marker of platelet activation) or IL-6. This could be due to small 

numbers investigated or lack of homogeneity of cases.  

Gazouli et al aimed at measuring proteomic changes in serum in a small 

cohort of CD patients aiming at identifying a panel of candidate protein 

biomarkers of CD that might predict response to IFX therapy [107]. Serum 

samples were subjected to 2DGE followed by MALDI- TOF-MS. Several 

proteins were noted to be up regulated in primary non-responders and 

responder groups - apolipoprotein A-I (APOA1), apolipoprotein E (APOE), 

complement C4-B (CO4B), plasminogen (PLMN), serotransferrin (TRFE), 

beta-2-glycoprotein 1 (APOH), and clusterin (CLUS).  These protein levels 

were however unchanged in the remission group compared to baseline. In 

this group up regulated proteins included leucine-rich alpha-2-glycoprotein 

(A2GL), vitamin D-binding protein (VTDB), alpha-1B-glycoprotein (A1BG) and 

complement C1r subcomponent (C1R) whereas proteins downregulated in 
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this group included complement C3 (CO3), transthyretin (TTHY) and 

fibrinogen alpha chain (FIBA). 

Using label free quantitative MS, enriched low mass plasma proteome (<25 

kDa) was assessed to identify markers of inflammation [108]. Several 

peptides were noted differentiating controls from IBD (secreted 

phosphoprotein 24, SPP 24); those in remission and healthy can be 

differentiated in UC by SPP24, α-1-microglobulin (AMBP) and CD by SPP24. 

UC and CD can also be differentiated by Guanylin, and Secretogranin-1. 

Active and quiescent disease can also be differentiated in UC and CD by 

CHGB, SPP24and AMBP. 

A recent study in the interleukin-10 knockout [IL-10(-/-)] mouse investigating  

circulating protein biomarkers, identified 15 different proteins differentially 

expressed in serum samples from mid- to late-stage IL-10(-/-) mice compared 

to early non-inflamed IL-10(-/-) mice. This suggests a role for protein profiling 

in assessing severity of the disease [96]. 

1.3.2.5 Conclusion 

Several cell line, murine and human proteomic studies have been undertaken 

in the recent years investigating various aspects of IBD including 

pathogenesis of IBD (as well as colitis associated cancers) and identifying 

biomarkers for diagnosing IBD (and differentiating UC from CD). These 

studies have identified proteins, the potential roles of which have been 

discussed previously.  Despite significant development of the technology in 

proteomics and potential significant role, the practical clinical application yet 

remains in its infancy. IBD is a disease characterised by marked phenotypic 

variability. This is possibly the prime factor as it affects selection of cases 

without controlling for variables like disease severity, duration of disease, 

concomitant drugs and co-morbidities.  In addition, the recent studies 

mentioned previously have used diverse methodologies, often with small 

patient numbers and lack of clear-cut patient characterisation to address 

phenotypic variability. Hence despite the promise of being a useful technology 

of identifying various biomarkers in IBD, it remains a difficult and expensive 
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technology, whose role is yet not fully defined in understanding the 

pathogenesis of IBD or its complications. Although a variety of proteins have 

been demonstrated as up or downregulated in various conditions, their 

significance is unclear. This could be potentially overcome by investigating 

functional relationship of differentially expressed proteins using protein 

network programs like STRING (http://string-db.org). Nevertheless, some of 

the studies do identify certain proteins the role of which would need further 

investigation. These include mitochondrial proteins, proteins involved in tissue 

repair and energy generation as well as a type 3 intermediate filament 

proteins, vimentin which has been noted to be down-regulated in inflamed 

colonic tissue. 

  

http://string-db.org/
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1.4 Keratins and intermediate filaments  
The cellular cytoskeleton, a scaffolding within the cytoplasm of animal cells is 

composed of various proteins viz. intermediate filaments (IF), microfilaments 

and microtubules [109, 110].  Intermediate filaments themselves are 

subdivided into 5 major types based on sequence of amino acid and protein 

structure. Types I–IV principally constitute cytoplasmic IFs, whereas type V IF 

proteins, the lamins are part of the nucleoskeleton [111, 112]. Keratins form 

the largest subgroup of IF proteins. They are composed of polymerised 

dimers of a Type I (acidic) and Type II (basic) keratin [113]. Keratins are 

expressed in different epithelial cells [114]; the principal keratins in the 

intestinal epithelia being K8, K18 and K19 [115].  

 

1.4.1 Isolation and solubilisation of keratins 
Keratins differ from other cytoskeletal filament proteins (such as actin, myosin, 

and tubulin) in that they are resistant to non-denaturing detergent buffers and 

high concentrations of ions, including chaotropic salts such as potassium 

chloride or iodide  [116-118]. This is extremely important while attempting to 

study keratin expression since they exist in a soluble form as well as an 

insoluble filamentous state. Usually 5% of the keratin pool exists in a soluble 

state  [119], although the state of solubility is determined by various factors 

including cellular stress [120] and the presence of post-translational 

modifications (described below). The insoluble fraction can be solubilised with 

high concentrations of urea (9-10 M), or guanidine hydrochloride (4-6 M) to 

produce soluble tetrameric or oligomeric subunits to result in solubilisation of 

the denatured monomers  [121, 122].  

 

1.4.2 Post-translational modifications of keratin  
Following translation, most proteins undergo further changes through post-

translational modifications [123]. Such modifications modulate the structure 

and function of proteins in a manner which is not directly coded for by genes 

[123]. Keratins are highly dynamic and undergo alterations due to a variety of 

stimuli like cellular stresses as well as during apoptosis and mitosis [124] 

[125]. Important PTMs of keratins include serine phosphorylation [126-128] 

threonine phosphorylation [129], tyrosine phosphorylation [130, 131], lysine 
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acetylation [132],  serine/threonine glycosylation [133], cleavage [134, 135] 

and sumoylation [136]. 

Phosphorylation is the most studied of the PTMs. Common PTM sites of K8 

molecule are summarised in Figure 1.4.  

Figure 1.4. Keratin 8 molecule with phosphorylation(P) and acetylation sites(A) [137]. 

Particularly significant are the three serine phosphorylation sites at Ser23, Ser 73 and Ser 

431.  

 

 

 

Phosphorylation of K8 occurs primarily at serine residues in the following sites 

- Ser 431, Ser 73, Ser 23 on K8 and Ser 33, Ser 52 on K18 [138]. Serine 

phosphorylation is believed to the critical modulator of filament formation and 

depolymerisation in response to cellular stresses [139-143]. Different protein 

kinases phosphorylate keratins. The K8 residue, Ser 73 is a substrate for 

phosphorylation by p38 kinase and c-Jun N-terminal kinase (both of which are 

involved in cellular responses to stresses, cytokines and apoptosis)  [144-146] 

and this has likewise been shown to regulate filament organisation  [141, 

147]. Serine residue (Ser 431) on the other hand is phosphorylated by the 

kinase ERK1 (MAP kinase) mediated by stimulation by epidermal growth 

factor [127]. These changes not only affect the solubility of keratins, but hyper 

phosphorylation may protect K18 from degradation by caspases [148]. 

Hyperphosphorylation of K8 has been noted to act as a “phosphate sponge” 

for stress kinases resulting in protection from apoptosis [149]. 
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Dephosphorylation of K8 too in CRC tumour cells has been associated with 

tumour progression [139]. A recent study has also identified phosphorylation 

of highly conserved tyrosine residues Tyr-267 in the K8 “rod” domain playing 

too having a role on IF assembly and solubility [131]. 

Acetylation is another important PTM [150]. Acetylation involves balance of 

lysine acetyl transferase and histone deacetylases (HDAC) [151]. Acetylation 

regulates protein-protein interaction [152] and protein stabilisation [153]. It has 

been hypothesised that the acetylation noted may have a role in stabilisation 

of intermediate filaments, thus controlling the loss of epithelial cells from the 

mucosa [132]. Keratin 8 acetylation(at highly conserved lysine-207), by 

modulating keratin phosphorylation has also been noted to modulate filament 

organisation and solubility [154].  

1.4.3 Function of keratin in normal epithelium 
The function of keratins varies according to the organ. In liver K8/K18 confers 

protection from mechanical and non-mechanical stresses [155]. This also 

include protection from apoptosis [156]. IFs may have a role in cell-death 

signalling pathways, in particular apoptosis mediated by tumour necrosis 

factor-alpha (TNF-α) and Fas [157]. Epithelial cells lacking K8 and K18 are 

significantly more sensitive to TNF-mediated apoptosis [158].  

In the intestine, the role of keratins is poorly understood, although the K8-null 

mouse phenotype suggests they may have a potential role in cell growth, 

differentiation, or targeting of proteins to the apical compartment of the colonic 

epithelial cells [159, 160]. K8-null (K8-/- and K8+/-) mice in comparison to K8+/+ 

mice have abnormal colonic active ion transport (Na+ and Cl-).   These 

findings suggest a role of colonic keratins in regulating electrolyte transport  

[161].In another study, mitochondrial 3-hydroxy-3-methylglutaryl-CoA 

synthase 2 (HMGCS2), an enzyme which catalyses the rate-limiting step of 

ketogenesis, has been noted to be downregulated in K8-/- mice colonocytes 

suggesting a role in metabolic pathways in the colonocytes [162]. 
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1.4.4 Keratins and inflammatory bowel disease 
Studies suggest an association of keratins with IBD. Tumour necrosis factor 

alpha (TNF-α) a pro-inflammatory cytokine, is involved in the pathogenesis of 

IBD [163-165]. K8 and K18 co-localises with cytoplasmic domain of TNF 

receptor 2 (TNFR2) and thus modulates intracellular signalling and NFκB 

activation [166]. Normal and malignant epithelial cells lacking in K8 and K18 

are sensitive to TNF mediated cell death [167]. Negative regulation of toll like 

receptor (TLR)/NF-κB signaling to limit inflammatory response by by K8 has 

been shown [168]. Down-regulation of K8 in mice enhanced the TLR-

mediated responses, associated with increased levels of inflammatory 

cytokines and tissue damage. K8 suppresses TLR-induced nuclear factor 

(NF)-κB activation and interacts with the TNF receptor-associated factor 6 

(TRAF6) to prevent its polyubiquitination.  

 

Effects of interleukin 6 (IL6) an immunoregulatory cytokine on keratin 

expression and function and their influence on intestinal mucosal barrier 

function have been investigated [169]. Intestinal disorders including IBD are 

often linked to alteration in barrier function of the epithelial cells. Such loss of 

barrier function results in sensitisation of the immune system to antigens 

previously localised to the intestinal lumen [170, 171]. Wang et al 

demonstrated that IL-6 significantly induces expression of insoluble 

cytoskeletal fraction of K8 and K18, and also serine phosphorylation of K8 at 

phosphoserine 431 and 73, suggesting PTM of K8 in response to IL-6  [172]. 

IL6 null mice also demonstrated significantly increased intestinal permeability 

with dextran sodium sulfate administration. These findings demonstrate 

regulation of colonic expression of K8 and K18 by IL-6 as well as the role of 

K8 in mediating effects of IL-6 on the barrier function. 

 

In an animal study [173] homozygous mK8-/- FVB/N mice developed colonic 

hyperplasia, colitis and rectal prolapse. Histology showed hyperplasia of the 

crypt cells, suggesting the inflammatory component of mK8- bowel disease 

could be secondary to colorectal hyperplasia. The colonic inflammation in K8 
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null mice suggests a model of IBD which could be a primary epithelial disorder 

rather than an immune cell defect [174]. 

 

Keratin 8 deficient mice (K8-/-) also develop chronic T- helper type 2 (Th2 

colitis) [175]. A significant increase in TCRβ (T cell receptor beta) positive 

CD4+ T cells in colon lamina propria have been noted in K8-/- mice. Colonic 

epithelial cells in K8-/- mice expressed MHC class II antigens; such 

inflammation was prevented with antibiotics suggesting a role of luminal 

bacteria in triggering colitis in mice with a primary epithelial defect  [176].  

 

Absence of keratin filaments in the colon is associated with abnormalities in 

ion transport, protein mis-targeting and diarrhoea prior to occurrence of 

hyperproliferation and inflammation [161]. K8−/−�mice develop diarrhoea with 

significantly higher stool water content compared with K8+/+ mice. Colonic 

tissue conductance, a measure tight junction activity, is not significantly 

different suggesting the diarrhoea is unrelated to an alteration of the 

paracellular transport or increased tight junction permeability. Analysis of 

protein and mRNA levels of candidate ion transporters in the colonic mucosa 

of K8 knockout mice (K8-/-) shows decreased/absent levels in the colonic 

mucosa compared to wild type (K8+/+) mice. This suggests a role of K8 on 

chloride transport mediated via action on DRA and contributing to the 

diarrhoeal phenotype noted in K8 knockout mice [177]. 

 

Mistargeting in K8–/– colons which normalises with antibiotic treatment 

suggests that luminal bacteria and/or their consequent inflammatory response 

may promote the observed protein mis-targeting [176]. The mis-targeted ion 

transporters may be responsible in creating an environment for pathogenic 

bacteria to thrive, which in turn stimulate the colitis and maintenance of the 

mis-localised transport proteins. These studies support the role of luminal 

bacteria in pathogenesis of colonic inflammation and colitis. Although the 

aetiology of IBD is multifactorial, luminal microflora particularly an altered host 

tolerance to them is believed to play an important role in its pathogenesis 

[178]. 
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In another study, heterozygote keratin knockout mice (K8+/-), show 50% less 

K8 expression compared to wild type mice(K8+/+) [179]; K7 and K18 

expression too are reduced significantly. Although there is crypt epithelial 

hyper proliferation in the K8+/- phenotype, the mucosa does not show any 

spontaneous inflammation, in contrast to K-/- mice. These mice however are 

more sensitive to DSS induced colitis, suggesting a role of K8 in protection 

against stress. 

 

A study investigated genomic DNA from patients with UC and Crohn’s 

disease, 50 with sporadic and 47 with familial IBD [180]. Heterozygous mis-

sense mutations in K8 were identified in five (5.2%) unrelated IBD patients in 

this study. Three separate KRT8 mutations (G62C) were identified; two were 

in unrelated UC patients with a family history of IBD and one was in a Crohn’s 

disease patient with no family history. A sporadic Crohn’s disease patient was 

found to have mutation in K8 (I63V); whereas another mutation resulting in 

amino acid substitution in the tail domain of K8 (K464N) was found in an UC 

patient with family history of IBD. Four patients were noted to have 

heterozygous sequence variation in KRT18 resulting to K18 (S230T) in the 

L12 linker region. All these changes were noted to lie within the non-helical 

domains, which are usually associated with milder forms of disease. The K8 

(K464N) mutation was not found in 194 controls.  

 

Another study investigated 217 patients with Crohn’s disease, 131 patients 

with UC and 560 healthy controls [181].  Heterozygous G62C mutation in K8 

was detected in five (2.3%) and three (2.3%) patients with Crohn’s disease 

and UC respectively, whereas 9 (1.6%) control subjects were noted to carry 

such mutation. None of the patients or controls was homozygous for this 

mutation nor did they show the Y54H mutation.  The IBD patients 

demonstrating the heterozygous mutation did not show any phenotypic 

difference to those without such mutation.  

 

A further study investigated the association of mutations in KRT8 and KRT19 

in patients with IBD [182]. 16 of the 184 patients with IBD in the study 
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demonstrated heterozygous variants in KRT8 (G62C, R341H); 4 of 70 

unaffected volunteers too carried KRT8 (R341H) mutation. KRT8 variants 

(G62C, R341H and R341C) when tested in 682 independent nuclear families 

(with both parents and at least one IBD affected offspring) and 273 controls 

failed to show any significant departure from random transmission. This study 

thus failed to provide a conclusive evidence of keratin mutations in the 

pathogenesis of IBD. 

 

Differential and dynamic regulation of keratins and post translational changes 

in K8 in the colonic mucosa have been noted in DSS model of colitis [183]. In 

this study, in response to inflammation, down regulation of total K8 was noted, 

while an increase in stress responsive K8 serine-74 phosphorylation (K8 

pS74) was noted. Following treatment with antibiotics, to eliminate colonic 

microflora, up regulation of K8/K18 levels along with K8 pS74 is seen. 

 

1.4.5 Keratins in colitis associated colorectal cancer 
K8 null (-/-), compared to wild type (K8+/+) or heterozygote(K8+/-) mice do 

demonstrate increased CRC risk. However, a dramatic increase in distal 

colonic tumours is noted in azoxymethane (AOM) mice suggesting a role of 

keratins in inflammation induced CRC. Interleukin 22 (IL22) pathway which 

plays a key role inflammation and proliferation is activated.in is noted to be 

activated. Pro-caspase 1 a component of the inflammasome in the colon is 

co-immuneprecipitated with K8/K18 suggesting a role of keratins in 

modulating inflammasome activity and protecting against inflammation and 

inflammation induced carcinogenesis [184]. 

Expression of K7 and K20 in dysplastic and neoplastic mucosa in UC has 

been investigated [185, 186]. Immunohistochemical examination of tissue 

sections in have demonstrated, in contrast to sporadic adenocarcinomas, vast 

majority of UC associated neoplasms express K7, including patients with low 

and high grade dysplasia [185]. In another study from northern Sweden in UC 

patients undergoing colonoscopic surveillance, K7 and K20 expression by 

IHC were noted in colonic biopsies. K20 expression was increased in lower 

aspect of colonic crypts in neoplasia-associated lesions; while 2 out of 5 

patients with colorectal cancer, 3 out of 6 patients with HGD and 7 out of 10 
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patients with LGD were positive for K7 [186]. These changes may represent 

keratins as possible markers of neoplastic changes in patients with UC.  

 

 

1.5 Hypothesis of the study 
 

The hypothesis of the study is that in patients with ulcerative colitis, changes 

in keratin expression and post translational modifications in the colonic 

mucosa are modulated by the severity of the inflammation and longer duration 

of disease, and thus predispose to the pathogenesis of cancer and dysplasia. 
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CHAPTER 2 
 

 
PATIENTS AND METHODS 
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2.1 Patient recruitment 
 

Patients with UC (undergoing elective or urgent colonoscopic / flexible 

sigmoidoscopic evaluation) and healthy controls were recruited prospectively 

from the dedicated inflammatory bowel disease clinic, general 

gastroenterology outpatient clinics and from in-patient wards at the Royal 

Hallamshire Hospital, Sheffield, UK. Suitable patients were identified using the 

inclusion and exclusion criteria specified below. The identified patients and 

their primary care physicians were invited to participate in the study, and 

informed consent was obtained.  

 
2.1.1 Inclusion criteria and exclusion criteria. 
 
2.1.1.1 Inclusion criteria 
 

1. Age 18-75 years 

2. Patients with suspected or histologically proven UC at clinical 

presentation or 

3. Control patients: patients without pre-existing colonic disease, 

undergoing colonoscopic examination for non-specific gastrointestinal 

symptoms. This group of patients had normal colonoscopy including 

normal colonic biopsies. 

 
2.1.1.2 Exclusion criteria 
 

1. Patients unable to give signed informed consent 

2. Non-correctable coagulopathy (prothrombin time > 12 seconds / 

platelet count < 90 x 109 / L) 

3. Pregnant patient 

4. Inadequate bowel preparation 

5. Severe colitis or toxic dilatation of the colon or clinical condition where 

colectomy is highly likely  

6. Patients with a diagnosis of indeterminate colitis, Crohns disease  
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7. Frail individuals unable to tolerate a lower GI endoscopy  

8. Previous surgery for colitis 

 
2.1.2 Patient groups 
 

The recruited patients and biopsy samples were categorised into the following 

study groups: 

 

1. Longstanding pancolitis (LSPC): patients in remission (clinically and 

endoscopically) undergoing surveillance. These patients were 

categorised according to the duration of disease since diagnosis. 

2. Quiescent recent onset colitis (ROUC) – patients with UC with disease 

duration less than 5 years since diagnosis. 

3. Patients with UC and co-existent PSC (PSC) 

4. Patients with active distal (proctitis / proctosigmoiditis) or left sided 

colitis (ACT) 

5. Proximal colonic biopsies from the endoscopically (and histologically) 

normal proximal colonic mucosa in patients with distal active distal 

disease (INACT) 

6. Patients with long standing disease who were noted to have dysplastic 

/ neoplastic changes in the colon (DT and DR) 

7. Healthy controls (CON) 

 
The patients with long standing pancolitis had pan-colonic disease, with 

disease duration between 20-40 years. They were in remission, clinically, 

endoscopically and on histology. The ROUC group included patients with 

recently diagnosed colitis (within preceding 5 years of the endoscopic 

assessment), who were also in remission.  

 

We also included a group of patients with histologically proven dysplastic 

lesions at colonoscopy. Biopsies were obtained from the dysplastic areas and 

categorised as DT (dysplasia tumour group); additional biopsies were taken 

from the uninvolved rectal mucosa in the same group of patients (to identify 
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any proteomic field changes) and categorised as DR (dysplasia rectum 

group).  

 
2.1.3 Initial assessment 
 

Recruited patients were assessed to obtain data about the following 

parameters 

 

1. Duration of disease since diagnosis 

2. Activity of disease (Mayo scoring system for assessment of ulcerative 

colitis activity (Disease activity index (DAI)/Mayo score)) [187] 

3. Endoscopic scoring of severity of the disease at time of colonoscopy 

(Baron’s score) [188] 

4. Endoscopic extent of the disease in the colon 

5. Drug history particularly use of 5 ASA (dosage & duration), or UDCA in 

patients with PSC 

6. Family history of colorectal cancers   

 
2.1.4. Colonoscopy technique 
 

Routine colonoscopy was undertaken as per the British Society of 

Gastroenterology (BSG) guidelines [2]. After ileo-caecal intubation detailed 

inspection of the colonic mucosa was performed. Any visible abnormal lesions 

were resected using standard techniques, otherwise they were biopsied if not 

considered resectable.  Field biopsies were taken from the immediate vicinity 

of dysplastic lesions to exclude any dysplastic changes in the adjacent 

mucosa. Details of protocol for obtaining colonic biopsies is mentioned below 

(section 3.6) 

 
2.1.5. Flexible Sigmoidoscopy technique 
 

For patients with active colitis, it is not always clinically appropriate to 

undertake total ileo-colonoscopy. These patients underwent limited flexible 



 58 

sigmoidoscopy, with study biopsies, as outlined below obtained from the 

inflamed distal colon (sigmoid and rectum), and where appropriate, from the 

proximal non-inflamed segment (in patients with distal / left sided colitis).  
 
2.1.6 Biopsy / histopathology protocol 
 
2.1.6.1. Patients undergoing colonoscopic surveillance 

At extubation, as per standard practice, 2 biopsies per 10 cm colorectal 

segment were taken according to British Society of Gastroenterology UC 

surveillance guidelines  [2]– corresponding to: 

 

- caecum 

- proximal ascending colon 

- distal ascending colon 

- proximal transverse colon 

- distal transverse colon 

- proximal descending colon 

- distal descending colon 

- sigmoid colon 

- rectum 

 

Each set of biopsies was processed in individual formalin pots with the 

distance from anus and anatomical colorectal segment clearly documented. 

Study biopsies (for immunohistochemistry and proteomic studies) were taken 

in addition from rectum and mid-sigmoid colon with additional biopsies from 

the dysplastic regions. 

 

2.1.6.2. Patients with active disease  

Biopsies were taken according to clinical indications from inflamed and non-

inflamed regions (with at least one set of study biopsies from the rectum and 

mid-sigmoid colon). 

 
2.1.6.3. Healthy controls 
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A group of healthy controls were included in the study. These patients without 

pre-existing colonic disease, underwent colonoscopic examination for non-

specific gastrointestinal symptoms. Colonic biopsies in these patients were 

normal. Apart from routine biopsies (as clinically indicated) additional matched 

study biopsies were obtained from the rectum and mid-sigmoid. 

Five biopsies were obtained from each site in the colon designated for the 

study. Two biopsies from each site were fixed in formalin (for 

immunohistochemical studies), the rest were snap frozen in liquid nitrogen 

and transferred to –80°C freezer (for proteomic assays). 

 

2.1.7 Categorising patients into groups for proteomic studies 
 

The selected patients were categorised into the following groups.  

1. Long-standing (20-40years) pancolitis (LSPC) in remission.  

2. Recent onset (<5 years) UC (ROUC) with quiescent disease. 

3. UC with primary sclerosing cholangitis (PSC).  

4. Pancolitis with dysplasia with biopsies taken from the rectum (DR). 

5. Biopsies obtained from dysplastic/neoplastic lesions (DT) in patients 

with UC. 

6. Distal active disease (ACT). 

7. Inactive proximal colonic segment in those with active distal colitis 

(INACT). 

8. Healthy controls (CON). 

 

2.1.8 Pathologic evaluation 
 

After the biopsies were routinely reported within the standard NHS 

environment, a designated specialist gastrointestinal pathologist blinded to the 

endoscopic diagnosis examined the biopsy specimens and undertook a 

histological assessment of inflammatory activity. Dysplasia was defined as per 

Riddell et al [20]. Histological assessment of inflammation was done as per 

standard criteria (Mayo scoring system for assessment of ulcerative colitis 

activity (Disease activity index (DAI) / Mayo score)) [48]. 
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2.1.9 Summary of investigation in the study 
 
Table 2.1 Flowchart summarising pathways for investigating in ulcerative colitis patients in the 

study 

 

 
           
 
 
 
 
 
 
  

Surveillance 
colonoscopy group  

      
     Pancolitis 
     Left sided colitis 
     PSC and colitis 

Active disease group 
Including both known cases 
and newly diagnosed 
patients 
Barons score> 1 
Mayo score ≥ 6 
 
 

Biopsies as per BSG guidelines 
            + 

Study biopsies from rectum and mid 
sigmoid colon (5 biopsies from each site)  
 
 

Study biopsies (5 each) from active and 
inactive areas (at least one set from 
either the rectum or mid sigmoid colon) 
 
 
 
 

Patients undergoing  
Colonoscopy/Flexible sigmoidoscopy  

Baseline assessment 
Recruitment using exclusion / inclusion criteria 
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2.2 Reagents and chemicals 
2.2.1 Antibodies for western immunoblotting 
2.2.1.1 Primary antibodies 
Antibody Supplier Dilution Size of 

protein 
(kDa) 

Species of 
origin/ 
antibody 
type 

Keratin 8 [M20] (ab9023) Abcam, 

Cambridge, UK 

1:1000 50 Mouse 

monoclonal 
Keratin 18 [C-04] 

(ab668), 
Abcam, 

Cambridge, UK 

1:1000 45 Mouse 

monoclonal 
Keratin 19 [A53-B/A2] 

(ab7754); 
Abcam, 

Cambridge, UK 

1:1000 40 Mouse 

monoclonal 
Keratin 8 -phospho S73 

[E431-2] (ab32579) 
Abcam, 

Cambridge, UK 

1:10000 55 Rabbit 

monoclonal 
Keratin 8 -phospho S431  

(ab59434)  
Abcam, 

Cambridge, UK 

1:1000 54 Rabbit 

polyclonal 

Keratin 8 -phospho S23 

[EP1629Y] (ab76584) 

Abcam, 

Cambridge, UK 

1:20000 54 Rabbit 

monoclonal 

Anti-

Phosphoserine/threonine 

antibody (ab17464)  

Abcam, 

Cambridge, UK 

1:1000 NA Rabbit 

polyclonal 

Vimentin V9 clone 

(MAB3400) 

Millipore, UK 1:1000 57-60 Mouse 

monoclonal 

Keratin 8, Acetylated 

lysine10 (K10) 

In-house 

antibodies[189] 

1:1000 54 Rabbit 

monoclonal 
Keratin 8, Acetylated 

lysine 482 (K482) 

In-house 

antibodies[189] 

1:1000 54 Rabbit 

monoclonal 
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2.2.1.2 Secondary antibodies 
 
Name Supplier Reference/ 

Catalogue 
No 

Dilution Species of 
origin 

Polyclonal 

conjugated rabbit 

anti mouse / HRP 

Dako, 

Glostrop, 

Denmark 

P026002-2 1:2000 Rabbit 

Polyclonal 

conjugated goat 

anti rabbit / HRP 

Dako, 

Glostrop, 

Denmark 

P044801-2 1:2000 Goat 

 
2.2.2 Reagents for protein assay 
 
Name Reference/Catalogue No Supplier 
Protein standard 2mg 

BSA/ml 

P0834 Sigma Aldrich, 

Gillingham, UK  

Bio-Rad protein assay 500-0006 Bio-Rad Laboratoties 

GMBH, Munchen, 

Germany 

 
2.2.3 Reagents for cell culture 
 
Name Strength Supplier 

RPMI 1640 media  85%(v/v) GIBCO, Invitrogen 

Paisley, UK 
Heat-deactivated foetal 
calf serum  

10%(v/v) Biosera, Sussex, UK 

Penicillin  5% (v/v) (10000 
U/mL) 

Lonza, Verviers, Belgium 

Streptomycin 10000 μg/mL  Lonza, Verviers, Belgium 
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2.2.4 Materials and reagents for western immunoblotting and gel 
analysis 

Name 
Reference/ 
Catalogue 
No 

Supplier 

Albumin from Bovine serum A7906 Sigma Aldrich, Gillingham, UK 

InstantBlueTM ISB1L Expedeon, Harston, UK 

ImmobilonTM Western 

Chemiluminescent HRP 

substrate 

WBKLS0500 Millipore Corporation, 

Billerica, USA 

Immobilon® -P Transfer 

membrane 

IPVH00010 Millipore Corporation, 

Billerica, USA 

ProtoGel 30%(w/v) 

Acrylamide , 0.8%(w/v) Bis-

Acrylamide 

EC-890 National Diagnostics 

Sodium Dodecyl Sulfate 20% 

solution 

BP1311 Fisher Scientific, NJ, USA 

Pierce® SDS-PAGE sample 

prep kit 

89888 Thermo Scientific, Rockford, 

USA  

Ammonium persulfate (APS) A3678 Sigma Aldrich, Gillingham, UK 

Tetramethylethylenediamine 

(TEMED) 

T9281 Sigma Aldrich, Gillingham, UK 

All Blue, Precision Plus 

ProteinTM Standards 

161-0373 Bio-Rad Laboratories Ltd, 

Hemel Hempstead, UK 

Restore Western Blot 

Stripping buffer 

21059 Thermo Scientific, Rockford, 

USA 
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2.2.5 Reagents for mass spectrometry 

Name 
Unit 
details 

Reference/Catalogue 
No 

Supplier 

Water: HPLC Gradient 

grade 

2.5 L W/0106/17 Fisher 

Scientific, NJ, 

USA 

Sequencing grade 

modified Trypsin 

20μG/ 

vial 

V5111 Promega 

Corporation, 

Madison, USA 

Methyl 

methanethiosulfonate 

(MMTS) in isopropanol 

200mM 23011 Thermo 

Scientific, 

Rockford, USA 

Tris-(2carboxyethyl) 

phosphine (TCEP)  

50mM 20490 Thermo 

Scientific, 

Rockford, USA 

Isopropanol 99.9% 

v/v 

53079 VWR, 

Lutterworth, 

UK 

Trifluroacetic acid 

(TFA) 

NA T6508 Sigma Aldrich, 

Gillingham, UK 

Acetonitrile NA 271004 Sigma Aldrich, 

Gillingham, UK 

iTRAQ reagents- 8 

plex 113-119, 121 

NA 4390811 AB Sciex Pte. 

Ltd., Foster 

City, USA 
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2.2.6 Buffer solutions 
 
2.2.6.1 Phosphate buffer saline (pH 7.4)  
Name Concentration Supplier 
Phosphate buffer saline 
(pH 7.4)  

 Sigma Aldrich, 

Gillingham, UK  

         NaCl 137mmol/L 

         KCl 2.7mmol/L 

         Na2HPO4 10mmol/L 

         KH2PO4 1.8mmol/L 

 
2.2.6.2 Running buffer 
Name Concentration Supplier 
Tris 25mM Sigma Aldrich, 

Gillingham, UK 

Glycine 192mM Sigma Aldrich, 

Gillingham, UK 

SDS 0.1%(w/v) Sigma Aldrich, 

Gillingham, UK 
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2.2.6.3 Wash buffer 

 
 

Name 
Reference/ 
Catalogue No  

Final 
concentration 

Supplier 

Phosphate-buffered 

saline 

P4417 1 x Sigma- Aldrich, 

Gillingham, UK 
         NaCl  137mmol/L  

         KCl 2.7mmol/L 

         Na2HPO4 10mmol/L 

         KH2PO4 1.8mmol/L 

Magnesium Chloride M8266 2 mM Sigma- Aldrich, 

Gillingham, UK 
Pefabloc® 11 429 868 001 0.5 mM Roche 

Diagnostics 

GmbH, 

Mannheim, 

Germany 
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2.2.6.4 Low Detergent Buffer (LDB) 

Name 
Reference/
Catalogue 
No  

Final 
concentration 

Supplier 

Phosphate-buffered saline P4417 0.5 x Sigma- Aldrich, 

Gillingham, UK 
         NaCl  137mmol/L  

         KCl 2.7mmol/L 

         Na2HPO4 10mmol/L 

         KH2PO4 1.8mmol/L 

4-Morpholinepropanesulfonic 

acid (MOPS) (pH 7) 

M1254 50 mM Sigma- Aldrich, 

Gillingham, UK 
Magnesium Chloride M8266 10 mM Sigma- Aldrich, 

Gillingham, UK 

Pefabloc® 11 429 

868 001 

2 mM Roche 

Diagnostics 

GmbH, 

Mannheim, 

Germany 

Ethylene glycol tetra acetic 

acid (EGTA) 

03779 1 mM Sigma- Aldrich, 

Gillingham, UK 

Triton X-100 X100 0.15% v/v  Sigma- Aldrich, 

Gillingham, UK 

Phosphatase inhibitor 

cocktail 2  

P5726 1% (v/v) Sigma- Aldrich, 

Gillingham, UK 

Sodium β glycerophosphate G5422 0.02 mM  Sigma- Aldrich, 

Gillingham, UK 

Sodium pyrophosphate 

decahydrate 

221368 0.02 mM  Sigma- Aldrich, 

Gillingham, UK 

Sodium fluoride S7920 0.1 mM  Sigma- Aldrich, 

Gillingham, UK 
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2.2.6.5 High detergent buffer (HDB) 
 

Name 
Reference/
Catalogue 
No  

Concentration Supplier 

Phosphate-buffered saline P4417 0.5 x Sigma- Aldrich, 

Gillingham, UK 

         NaCl  137mmol/L  

         KCl 2.7mmol/L 

         Na2HPO4 10mmol/L 

         KH2PO4 1.8mmol/L 

4-Morpholinepropanesulfonic 

acid (MOPS) (pH 7) 

M1254 50 mM Sigma- Aldrich, 

Gillingham, UK 

Magnesium Chloride M8266 10 mM Sigma- Aldrich, 

Gillingham, UK 

Pefabloc® 11 429 

868 001 

2 mM Roche 

Diagnostics 

GmbH, 

Mannheim, 

Germany 

Sodium chloride (NaCl) S9888 1 mM Sigma- Aldrich, 

Gillingham, UK 

Triton X-100 X 100 1% v/v  Sigma- Aldrich, 

Gillingham, UK 

Phosphatase inhibitor 

cocktail 2 (P5726) 

P5726 1% (v/v) Sigma- Aldrich, 

Gillingham, UK 

Sodium β glycerophosphate G5422 0.02 mM  Sigma- Aldrich, 

Gillingham, UK 

Sodium pyrophosphate 

decahydrate 

221368 0.02 mM  Sigma- Aldrich, 

Gillingham, UK 

Sodium fluoride S7920 0.1 mM  Sigma- Aldrich, 

Gillingham, UK 
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2.2.6.6 Intermediate filament protein solubilising buffer 

Name Concentration Supplier 
Urea 10M Sigma-Aldrich, Gillingham, UK 

Guanidine Hydrochloride 4M Sigma- Aldrich, Gillingham, UK 

Triethyl ammonium 

bicarbonate buffer 

(TEAB) 

1M Sigma- Aldrich, Gillingham, UK 

 

2.2.6.7 Buffers for strong cation exchange 

2.2.6.7.1 Buffer A 
Name Concentration Supplier 
Acetonitrile 20% v/v VWR, Lutterworth, UK 

Formic acid 0.1% v/v Sigma-Aldrich, Gillingham, UK 
Water: HPLC Gradient 

grade W/0106/17 

2.5 litre Fisher Scientific, NJ, USA 

 
2.2.6.7.2 Buffer B 

Name Concentration Supplier 
Acetonitrile 20% v/v VWR, Lutterworth, UK 
Formic acid 0.1% v/v Sigma-Aldrich, Gillingham, UK 
KCl 500 mM Sigma-Aldrich, Gillingham, UK 
Water: HPLC Gradient 

grade W/0106/17 

2.5 litre Fisher Scientific, NJ, USA 
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2.2.6.8 Buffers for HPLC 
2.2.6.8.1 Buffer A  

Name Concentration Supplier 
Acetonitrile 3% v/v VWR, Lutterworth, UK 
Formic acid 0.1% v/v Sigma-Aldrich, Gillingham, UK 
Water: HPLC Gradient 

grade W/0106/17 

2.5 litre Fisher Scientific, NJ, USA 

 
2.2.6.8.2 Buffer B  

Name Concentration Supplier 
Acetonitrile 97% v/v VWR, Lutterworth, UK 
Formic acid 0.1% v/v Sigma-Aldrich, Gillingham, UK 
Water: HPLC Gradient 

grade W/0106/17 

2.5 litre Fisher Scientific, NJ, USA 

 
2.2.6.9 Other buffers and solutions 
2.2.6.9.1 Tris-Buffered Saline and Tween 20 (TBS-T) 

Name Concentration Supplier 
Tris  20mM  Sigma- Aldrich, Gillingham, UK 
NaCl  137 mM  Sigma- Aldrich, Gillingham, UK 
Tween 20 1%(v/v) Sigma- Aldrich, Gillingham, UK 

 
2.2.6.9.2 Phosphate-buffered saline (1x), pH 7.4 

PBS  Sigma- Aldrich, Gillingham, UK 
         NaCl 137mmol/L  

         KCl 2.7mmol/L 

         Na2HPO4 10mmol/L 

         KH2PO4 1.8mmol/L 
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2.2.7 SDS PAGE solution for preparing gels (12%) 
 

Name Concentration 

Reference/ 
Catalogue 
No 

Supplier 

Tris, pH 8.8 1M 93392 Sigma- Aldrich, 

Gillingham, UK 

Tris, pH 6.8 1M 93362 Sigma- Aldrich, 

Gillingham, UK 

SDS 20% L3771 Sigma- Aldrich, 

Gillingham, UK 

Acrylamide + Bis 

acrylamide(37.5:1) 

40% A9099 Sigma- Aldrich, 

Gillingham, UK 

Ammonium 

persulfate(APS) 

10% A3678 Sigma- Aldrich, 

Gillingham, UK 

(N,N,N′,N′-

Tetramethylethylenedi

amine)TEMED 

NA T9281 Sigma- Aldrich, 

Gillingham, UK 

 

  



 72 

2.3 Scientific equipment  
Name Supplier 

pH meter Metrohm 780  
Cold centrifuge MIKRO 22R Hettich Zentrifugen 

GMBH (Germany) 

Speed vacuum centrifuge Eppendorf 

Concentrator 5301 

Eppendorf AG, Hamburg, Germany 

T75 tissue culture flask Sigma- Aldrich, Gillingham, UK 

T25 tissue culture flask Sigma- Aldrich, Gillingham, UK 

Precellys™ 24 Bertin Technologies, Villeurbanne, 

France 

Precellys™ tube Bertin Technologies, Villeurbanne, 

France 

Bioruptor® Sonicator Diagenode, Cambridge, UK 

BioTek FLx800 BioTek Instruments, Winooski, VT, 

USA 

Costar 96 well vinyl assay plates Costar, Cambridge, MA, USA 

Lo-Bind Eppendorf Eppendorf AG, Hamburg, Germany 

Mini Trans-Blot® Cell Bio-Rad Laboratories Limited, Hemel 

Hempstead, UK 

PolySULFOETHYL™ A Column  PolyLC, Columbia, MD 

BioLC HPLC unit  Dionex, Surrey, UK 

UV Detector  Dionex/LC Packings, Amsterdam, 

The Netherlands 

Ultimate 3000 capillary nano-LC  Dionex, LC Packings, The 

Netherlands 

0.3 x 5 mm trap column (3 μm C18)  Dionex-LC Packings, Amsterdam, 

The Netherlands 

0.075 x 150 mm analytical column (3 

μm C18) 

Dionex-LC Packings, Amsterdam, 

The Netherlands 

Applied Biosystems QSTAR® XL 

Hybrid LC/MS/MS System 

Life Technologies Limited, Paisley, 

UK 

Chemigenius Bio-Imaging System  Syngene, Cambridge, UK 
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2.4 Endoscopic equipment / materials required 
 
Equipment/bowel prep Supplier 
Kleanprep™ Norgine Limited, Middlesex UK 

Picolax Ferring, West Drayton, Middlesex, UK 

Olympus EndoJaw biopsy forceps KeyMed, Essex, UK 
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2.5 Developing a technique for isolation of intermediate filament 
proteins from colorectal biopsies followed by parallel analyses of the 
isolated proteins using western immunoblotting and mass 
spectrometry. 

The essential steps of isolating and analysing IF proteins are summarised in 

table 2.2 

Table 2.2 Steps for isolating and analysing IF proteins 

1 Isolating IF proteins from cell lines (MCF-7) and colonic biopsies  

2 Identifying an optimal solubilisation technique for western blotting and 

mass spectrometry 

3 Demonstrating maintenance of post translational modifications by 

western blot 

 

2.5.1 Cell culture technique  

2.5.1.1 Obtaining cell cultures stored in liquid nitrogen. 

MCF 7 cells stored in liquid nitrogen were thawed in a water bath at 37°C. The 

thawed cells were transferred into a conical tube containing 1640 RPMI 

[which was supplemented with 10%(v/v) heat-deactivated foetal calf serum 

and antibiotics (5% (v/v) Penicillin (10000 units/mL) and Streptomycin (10000 

μg/mL))] warmed media. This was centrifuged at 1000 RPM at 4°C for 5 

minutes, the supernatant media was decanted off the pellet. 5 ml of growth 

media was added and the pellet was re-suspended. This was then transferred 

onto a T25 flask and incubated at 37°C for 2-3 days. 
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2.5.1.2 Splitting cell cultures 

T75 flasks with MCF 7 cells cultured in the growth media were removed from 

the incubator and checked for 40-50% confluence under a microscope. The 

old media was aspirated, and following a wash with PBS (10 mls) and 

incubation with trypsin at 37°C, the cells were dislodged from the flask wall 

following administering trypsin. The suspension was centrifuged (1000 RPM, 

4°C 5 minutes); the resulting pellet re-suspended in the growth medium and 

transferred to further T75 flasks.  

2.5.2 Intermediate filament protein extraction and solubilisation  

In this study we aimed to investigate proteomic changes in IF proteins in 

mucosa of patients with UC and validate the changes noted using western 

immunoblotting. Sample preparation is critically important in most proteomic 

experiments. Keratin and other IF proteins differ significantly from cytoskeletal 

proteins like actin, myosin, and tubulin in their solubility. They are resistant to 

dissolution in buffers consisting of non-denaturing detergents and high 

concentrations of ions [116-118]. However they can be dissolved in high 

concentrations of urea (9-10M) or guanidine hydrochloride (GuHCl)(4-6M)  

[115, 117]. Urea is a chaotropic agent which can be removed easily at the 

stage of reversed-phase liquid chromatography (RP-LC). However, use of 

urea is fraught with certain inherent disadvantages. The high concentration 

necessary to solubilise keratins interferes with tryptic digestion of proteins 

prior to mass spectrometry [190]. In addition, heating of the mixture can result 

in decomposition of urea to isocyanic acid and carbamylate free amines. The 

later blocks trypsin digestion sites and also result in peptide modifications 

indistinguishable from the naturally occurring PTMs [191]. This can affect 

subsequent analyses for PTMs in IF proteins. Guanidine hydrochloride is 

compatible with mass spectrometry based analyses [192-194]. However use 

of GuHCl in WB is limited by the fact that it results in formation of precipitates 

with SDS [192].  
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Isolation of intermediate filament proteins from mammalian cell culture 

monolayers has been previously described using a sequential fractionation 

technique [122, 195]. We undertook further modification of the technique in 

order to isolate IF proteins from colorectal biopsies and ensure their effective 

solubilisation in 4M guanidine hydrochloride. This was done to facilitate 

parallel analysis of IF proteins by gel-based and gel-free liquid 

chromatography MS/MS (LC-MS/MS) approaches.  

2.5.2.1 Intermediate filament protein isolation from MCF-7 cancer cell 
lines 

IF isolation from cell lines was undertaken using a ‘high salt extraction 

technique’ which has been previously described by Achtstaetter et al. and 

subsequently modified by Hermann et al [117, 195]. The culture media 

overlying the MCF-7 cell monolayer in T75 flasks was decanted and gently 

washed with warm wash buffer. This was then treated with LDB, agitated 

gently and left to incubate at room temperature for 60-90 seconds. The buffer 

containing the MCF-7 cells was then centrifuged for 30s at 13000 rpm. The 

supernatant was retained as fraction 1; the fraction containing the membrane 

bound soluble protein. The remaining cellular/cytoskeletal components in the 

flasks were then incubated on ice with HDB (containing benzonase nuclease) 

(to break down the viscous nucleic acid) for 10 mins. Ice-cold NaCl (250 μL, 

5M) was added to the flask and the cytoskeletal components were detached 

from the flask by gentle pipetting. This fluid constituted the entire cytoskeletal 

fraction. This was centrifuged at 10000G, for 10 minutes at 4°C; the 

supernatant containing the high salt soluble fraction (fraction 2) was removed, 

while the insoluble pellet containing the insoluble cytoskeletal components 

(fraction 3) was used in our study. 

2.5.2.2 Extraction of intermediate filament proteins from human 
colorectal biopsies (Fig 2.1) 

The ‘high-salt extraction’ technique described above to extract the insoluble 

cytoskeletal components in cell lines was modified for use on colorectal 
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biopsies. PrecellysTM tubes containing ceramic beads were used to 

homogenise the biopsies in LDB; a single colonic biopsy was placed in each 

PrecellysTM tube containing 300uL LDB. The tube was then placed in 

PrecellysTM 24 and run at 6000 RPM, 30secs, 2 cycles (with 20 sec rest in 

between cycles).  

The resultant lysate was removed into LoBind eppendorfs®, centrifuged and 

the supernatant was stored as Fraction 1- the soluble and extractable 

membrane protein fraction. The insoluble pellet obtained following 

centrifugation (at 2200 RPM, 5 minutes, 4°C) was washed with further LDB 

and re-suspended in 200uL HDB (with Benzonase® Nuclease, added at this 

stage to breakdown residual viscous nucleic acids) followed by incubation on 

ice for a further 10 minutes. Another centrifugation (at 9020 RPM, 10 minutes, 

4°C) yielded a supernatant- the high salt soluble protein (fraction 2); the 

residual pellet was stored at -80°C as the insoluble cytoskeleton fraction 

(fraction 3). 
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Figure 2.1 Steps for isolation of insoluble intermediate filament proteins from colorectal 
biopsies 
 
 

 

Remaining pellet constitutes insoluble fraction- 
cytoskeletal fraction(fraction 3) 

Centrifuge further- remove supernatant- this is high salt 
soluble fraction(fraction 2)

Resultant pellet is re-suspended in high detergent buffer 
and incubated on ice

Centrifuge lysate, remove supernatant-
Soluble membrane protein- (fraction 1)

Homogenise biopsy with Precellys™ 24 at 6000 rpm, 
30secs, 2 cycles 

Low detergent buffer added to colonic biopsy in a 
Precellys™ tube 
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2.5.2.3 Solubilising ‘detergent insoluble’ cytoskeletal fraction (fraction 3)  

in urea and guanidine hydrochloride (GuHCl) 

In order to compare solubility of cytoskeletal protein fraction, the extracted 

fraction 3 obtained from MCF-7 cell lines were dissolved in 20μL of 10M urea 

and 20μL of 4M GuHCl, the later dissolved in Triethyl ammonium bicarbonate 

buffer (TEAB) (pH 8.5) respectively. Coomassie stained gel is shown in figure 

2.2. Prominent bands between 37-50kDa (which we have previously shown to 

be keratin-rich) were noted in lanes that had fraction 3 dissolved in urea. 

Bands obtained with GuHCl dissolved samples were less prominent. 

Inadequate IF protein solubilisation by the 4M GuHCl was initially 

hypothesised as the reason for such discrepancy.  

 
Figure 2.2. Comparison of band intensity of dissolved cytosketal fraction obtained 
from MCF-7 cells. Following extraction of the cytoskeletal fraction (using a high salt 
extraction technique) it was dissolved separately in urea (10M) and GuHCl (4M) respectively. 
Proteins were loaded onto SDS-PAGE gels and separated by gel electrophoresis followed by 
Coomassie staining of the gel). Increased protein band intensity is noted with samples 
dissolved in 10M urea.  
GuHCl-Guanidine hydrochloride, SDS-PAGE- sodium dodecyl sulfate polyacrylamide gel 
electrophoresis 
 

 

  



 80 

In order to optimise solubilisation in GuHCl, the experiment was then repeated 

by comparing the solubility of fraction 3 proteins in two strengths of GuHCl 

(4M or 6M respectively). The results on SDS-PAGE were also compared to 

equivalent samples dissolved in urea (10M). Band intensity of IF proteins was 

greater when dissolved in 4M GuHCl than 6M. The intensity (of the bands with 

the former) was however less than with samples dissolved in urea (Figure 

2.3). On heating the dissolved samples with Laemmli buffer, visible 

precipitates were noted with the GuHCl-dissolved samples.  

 
Figure 2.3 Comparison of band intensity of dissolved cytosketal fraction with varying 
concentrations of GuHCl. The extracted cytoskeletal fraction (Fraction 3) was dissolved 
separately in urea (10M) and increasing concentrations of GuHCl (4M and 6M respectively). 
Proteins were loaded onto SDS-PAGE gels and separated by gel electrophoresis followed by 
Coomassie staining of the gel. . Band intensities were compared. With protein dissolved in 6M 
GuHCl band intensity was less than with 4M GuHCl, due to formation of precipitates with 
SDS. The band intensity was higher using 10M urea than 4M GuHCl.  
SDS-PAGE- sodium dodecyl sulfate polyacrylamide gel electrophoresis; GuHCl - Guanidine 
hydrochloride. 
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In order to overcome issues of sample solubility, the commercially available 

kit (Pierce® SDS-PAGE Sample Prep Kit) was used to remove interfering 

buffer component. Band intensities on removal of solvent (GuHCL and Urea) 

were compared.  Results were similar. These results suggest a satisfactory 

cytoskeletal solubilisation with GuHCl when compared with Urea (Figure 2.4).  
 
Figure 2.4. Band intensity of dissolved cytosketal fraction after removal of solvent. 
Extracted cytoskeletal fraction was dissolved separately in urea (6M) and GuHCl (4M) 

respectively. A commercially available kit (Pierce® SDS-PAGE Sample Prep Kit) was used to 

remove interfering buffer component. Proteins were loaded onto SDS-PAGE gels and 

separated by gel electrophoresis followed by Coomassie staining of the gel. Band intensity of 

separated fraction 3 proteins dissolved in GuHCl (4M) and urea (6M) were noted to be similar. 

GuHCl- Guanidine hydrochloride, SDS-PAGE- sodium dodecyl sulfate polyacrylamide gel 

electrophoresis 
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2.5.2.4 Assessing suitability of guanidine hydrochloride as a solvent for 
cytoskeletal proteins obtained from colorectal biopsies  
Suitability of GuHCl in solubilising fraction 3 proteins obtained from sigmoid 

colon biopsies was tested. 50µL of 4M GuHCl (in TEAB) was used to 

solubilise the cytoskeletal fraction. Most of the pellet obtained was solubilised, 

although there remained persistent un-dissolved sediment.  

 
2.5.6 Sonication to maximise protein solubilisation 
To avoid any significant loss of protein in the sediment and maximise the 

solubilisation of the insoluble cytoskeletal fraction in either urea or GuHCl, a 

Bioruptor® Sonicator was used. 3 other colonic biopsies were analysed. 

Fraction 3 proteins were dissolved in a larger volume GuHCl (200µL of 4M 

GuHCl). A further 200µL of 4M GuHCl in TEAB was added to the un-dissolved 

sediment. The supernatant was removed following centrifugation (at 600xG, 1 

min at 4°C). The samples were sonicated in ice/water mix for 5 cycles, with 

each cycle lasting 30 seconds. The samples were then centrifuged (at 2200 

RPM, 1 minute, 4°C), the supernatant was analysed to identify the 

effectiveness of each solubilisation strategy. 
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Figure 2.5 Results of Coomassie stained gels of extracted cytoskeletal fraction from 
colorectal biopsies dissolved in GuHCl. Modification of the ‘high salt extraction’ technique 
was undertaken to extract cytoskeletal proteins from colorectal biopsies of 3 patients (1, 2 and 
3 respectively). They were dissolved in 200µL of 4M GuHCl. The supernatant with the 
dissolved IFs was removed by centrifugation followed by removal of solvent using Pierce 
SDS-PAGE sample prep kit.  It was loaded on to the gel (Lane labels 1,2 and 3 respectively). 
Further 200µL of 4M GuHCl was added to the un-dissolved precipitate. This was sonicated 
for 5 mins, and following removal of solvent loaded onto the gel (1B, 2B, 3B). Dissolved 
cytoskeletal fraction obtained from MCF-7 was used as a control. Adequate protein 
separation was noted in lanes 1, 2 and 3 with negligible protein in 1B, 2B and 3B respectively. 
 
GuHCl- Guanidine hydrochloride,SDS-PAGE- sodium dodecyl sulfate polyacrylamide gel 
electrophoresis 
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2.5.7 Removal of substances (GuHCl and urea) from dissolved 
cytoskeletal proteins, which could potentially interfere with effective 
protein separation on SDS-PAGE gels 

To eliminate the effects of precipitation of SDS and GuHCl, and compare the 

solubilisation of fraction 3 in GuHCl, with urea dissolved samples, a 

commercially available kit Pierce® SDS-PAGE Sample Prep Kit was used. 

The manufacturers instructions were followed. 

2.5.8 Demonstration of adequate band intensity on SDS-PAGE with both 
urea and GuHCl 
Protein elution was followed by boiling the dissolved protein samples at 95◦C 

for 5 minutes in Laemmli lysis buffer (provided with the kit). They were 

analysed on 12% SDS-PAGE gels, as previously described with F3 of MCF-7 

as control [196]. 5 and 10 μL of protein samples were loaded onto the lanes in 

the gel. Coomassie staining of the gels was performed using InstantBlueTM in 

order to visualise the separated the protein bands. Results of the Coomassie 

stained gels are shown in Figure 2.5. These results showed that the dissolved 

protein content in each band was satisfactory (Lane 1, 2 and 3 respectively). 

A negligible amount of protein was noted in the sonicated samples (Lane 1B, 

2B and 3B respectively) (figure 2.5) 

 

2.5.9 Demonstration of post- translational modifications (PTMs) in the 
resolved samples by western immunoblotting 
In order to evaluate the retention of PTMs in keratin, in samples dissolved in 

GuHCl, SDS-PAGE gels were run, western transferred and immunoprobed 

using the following antibodies- mouse monoclonal antibody to keratin 8, anti-

phosphoserine/threonine antibody and antibody to acetylation sites of keratin 

8 (lys10 and lys482). The technique for this has been described previously in 

the literature and is detailed in section 2.6.2 (page 88) [197, 198]. Proteins 

were separated by SDS–PAGE and transferred onto polyvinylidene difluoride 

(PVDF) membranes. Primary antibodies used were 1:1000 dilutions each of 

mouse monoclonal antibody to keratin 8 [M20], polyclonal anti-

Phosphoserine/threonine antibody and in-house antibodies raised against 

acetylated lysine residues of K8 (lys10 and lys482). Cross-reaction was 
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visualised using polyclonal secondary horseradish peroxidase (HRP) 

antibodies - conjugated rabbit anti mouse and goat anti-rabbit IgG and 

enhanced chemiluminescence reagent. Intensity of the bands was analysed 

with a Chemigenius Bio-Imaging System. Cross-reactions to all four 

antibodies were seen between 37 and 50kDa. This demonstrates preservation 

of the modifications of K8 (particularly acetylation) after solubilisation of IF in 

GuHCl (Figure 2.65). 
 
Figure 2.6 Demonstration of K8 expression and maintenance of PTMs in K8 in 
extracted cytoskeletal fraction from colonic biopsies. The extracted cytoskeletal fraction 
from 3 patients was dissolved in GuHCl followed by removal of solvent, gel electrophoresis on 
SDS-PAGE gels, western transfer and immunoprobing using the following antibodies- mouse 
monoclonal antibody to K8 (Panel A), antibody to acetylation sites of keratin 8 (lys10 and 
lys482)(Panel B) and anti-phosphoserine/threonine antibody(Panel C). Results show 
adequate K8 expression and maintenance of PTMs. 
K- keratin, GuHCl- Guanidine hydrochloride, SDS-PAGE- sodium dodecyl sulfate 
polyacrylamide gel electrophoresis 
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A summary of the essential steps performed in intermediate filament 

extraction and dissolution. The steps were optimised to be compatible with 

SDS-PAGE and for MS analysis, including analysis of phosphorylation and 

acetylation, which are preserved (figure 2.7 and 2.8).  

 
Figure 2.7 Essential steps in developing a technique for extracting and dissolving IF proteins 
using MCF 7 cell lines and colorectal biopsies to allow analysis using SDS-PAGE and mass 
spectrometry. 
 

 
 
  

IF(from MCF-7 cell lines) dissolved in Guanidine 
hydrochloride (GuHCl)

Comparing results with  IF proteins dissolved in 
urea

Protein loss with GuHCl due to precipitation with 
SDS

Solvent(urea and GuHCl) removed by Pierce kit-
similar results now noted on gel electrophoresis 
between urea and GuHCl dissolved samples

Satisfactory results noted on dissolving fraction 3 
from colorectal biopsies in GuHCl
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Figure 2.8 Steps in processing and solubilising colonic biopsies 
 

  

Solubilise pellet in 200 µL of 4M Guanidine hydrochloride in 
Triethyl ammonium bicarbonate buffer

Remaining pellet- Insoluble cytoskeleton fraction 

Centrifuge- remove supernatant- High salt soluble 
fraction(Fraction 2)

Pellet re-suspended in high detergent buffer and incubated 
on ice

Centrifuge lysate, remove supernatant
Soluble membrane protein fraction (Fraction 1)

Homogenise biopsy with Precellys™ 24 at 6000 rpm, 30secs, 
2 cycles 

Low detergent buffer added to colonic biopsy in a Precellys™ 
tube 
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2.6 Analysing colorectal biopsies using mass spectrometry and 
orthogonal validation using western blotting. 
The workflow for the proteomics experiment is described in figure 2.9.  

2.6.1 Protein concentration assay 

Protein concentration in solubilised cytoskeletal proteins was assayed in 

triplicate using Costar 96 well vinyl assay plates and Bio-Rad protein assay 

reagent according to manufacturer’s instructions. Absorbance was measured 

at 595 nm (reference at 450 nm) against standard BSA curves using a BioTek 

FLx800 multi-detection reader.  

2.6.2 Preparing samples for analysis by mass spectroscopy 

The dissolved cytoskeletal fraction obtained from individual colon biopsy 

samples were pooled into eight groups being investigated as described in 

section 3.7. Hundred(100) µg of protein pooled in each group was diluted with 

TEAB to 2M GuHCl to ensure equal volumes for trypsin digestion.  

2.6.2.1 Reduction and alkylation of proteins  

The cysteine residues in the samples were blocked by adding 50mM Tris (2-

carboxyethyl) phosphine hydrochloride (TCEP-HCl), followed by alkylation 

using 10mM Methyl methanethiosulfonate (MMTS) (Thermo Scientific, 

Rockford, IL, USA). 

2.6.2.2 Trypsin digestion step 

Sequencing grade modified trypsin was prepared at 10 µg/ml by adding 50 µl 

trypsin to suspension buffer according to the manufacturers’ instructions. 

Trypsin digestion was carried out at a 1:20 ratio for 16 hours at 37°C. The 

solution from the overnight digest containing peptide was used for iTRAQ 

labelling. 
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2.6.2.3 iTRAQ (8-plex) labelling 

Isopropanol (50 μl) was added separately to the 8-iTRAQ reagents (113-119, 

121). The resulting digested peptides were iTRAQ labelled with 8-plex iTRAQ 

reagents according to manufacturers’ protocols as previously published [199].  

The reagents were then added to the trypsin digested samples as follows:  

113: Controls (CON) 

114: Active disease (ACT) 

115: Inactive disease proximally (INACT) 

116: Long standing Pancolitis (LSPC) 

117: Recent onset UC (ROUC) 

118: PSC and colitis (PSC) 

119: Patients with dysplasia- biopsies obtained from the rectum (DR) 

121: Biopsies from the dysplastic lesions (DT) 

iTRAQ labelled samples were incubated at room temperature for 2 hours 

followed by pooling in a 1:1 ratio.  The pooled mixture was dried in a vacuum 

centrifuge and was reconstituted in 90 μl of 20% acetonitrile (ACN), 0.1% 

formic acid and the pH of the solution was adjusted to 2 (using formic acid). 

This reconstituted peptide mixture underwent sonication followed by 

centrifugation to remove insoluble material. 
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Figure 2.9 Proteomic workflow for analysing colorectal biopsies. 8 pooled samples from 
the patient groups were processed. Labelled peptides from pooled patients were analysed by 
SCX-LC-MS/MS and data reconstituted in GeneBio Phenyx. All runs were searched against 
Uniprot database.[200]  
(CON- control, LSPC- long standing pancolitis, ROUC- recent onset UC, PSC-UC associated 
with primary sclerosing cholangitis, DR- rectal biopsy in patients with dysplasia, DT- biopsies 
obtained from the dysplastic tissue, ACT- active disease, INACT- proximal inactive segment 
in the ACT patients) 
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2.6.2.4 Strong cation exchange (SCX) fractionation of peptides 

Strong cation exchange was carried out on a BioLC HPLC unit prior to MS/MS 

analyses. This technique has been described previously in the literature by 

Pham et al [200].  

2.6.2.4.1 Peptide fractionation 

Strong cation exchange (SCX) was achieved using a PolySULFOETHYL A 

Pre-Packed Column (PolyLC, Columbia, MD) with a 5 μm particle size and a 

column dimension of 100 mm.4.6 mm i.d., 200 Å pore size, on a BioLC HPLC 

(Dionex, Surrey, U.K.). Sample was loaded onto the column and washed for 

at least 60 minutes at a flow rate of 400 μL /min with 100 % SCX Buffer A (20 

% acetonitrile, 0.1 % Formic Acid) to remove salts, TCEP and unincorporated 

iTRAQ reagent. Peptides were then separated using a gradient of SCX Buffer 

B (20% acetonitrile, 0.1% formic acid, 0.5 M KCl) at the same flow rate of 400 

μL /min. Buffer B levels increased from 0% to 25% from 5 minutes to 30 

minutes then from 25% to 100% over 5 minutes, followed by an increase from 

26% to 100% over the next 15 min. Buffer B was held for another 5 min for 

isocratic washing prior to column re-equilibration with buffer A. The sample 

injection volume was 100 μL, and the liquid flow rate was 400 μL/min. The 

SCX chromatogram was monitored using UVD170U ultraviolet detector and 

Chromeleon software v. 6.50 (Dionex, LC Packings, The Netherlands). 

Fractions were collected using a Foxy Jr. (Dionex) fraction collector in 1 min 

intervals. 
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2.6.2.4.2 Sample desalting 

Fractions were desalted using buffers: A (97% H2O, 0.1% formic acid); B 

(97% acetonitrile, 0.1% formic acid) and C (3% acetonitrile, 0.1% 

trifluoroacetic acid) and MiniSpin™ columns according to the protocol outlined 

by The Nest Group (The Nest Group, MA, USA). Fractions were vacuum-

concentration prior to LC-MS/MS analysis. 

2.6.2.4.3 LC-MS/MS analysis  

Fractions collected from offline separation techniques were eluted through the 

Famos-Ultimate 3000 nano-LC system (Dionex, LC Packings, The 

Netherlands) interfaced with a QSTAR® XL (Applied Biosystems; MDS-Sciex) 

tandem ESI-QUAD-TOF MS. Vacuum dried fractions were resuspended in 

loading buffer (3% acetonitrile, 0.1% trifluoroacetic acid), injected and 

captured into a 0.3.5 mm trap column (3 μm C18 Dionex-LC Packings). 

Trapped samples were then eluted onto a 0.075.150 mm analytical column (3 

μm C18 Dionex-LC Packings) using an automated binary gradient with a flow 

of 300 nL/min from 95% buffer A (3% acetonitrile, 0.1% formic acid), to 35% 

buffer B (97% acetonitrile, 0.1% formic acid) over 90 min, followed by a 5 min 

ramp to 95% buffer II (with isocratic washing for 10 min). Predefined 1 s 

350−1600 m/z MS survey scans were acquired with up to two dynamically 

excluded precursors selected for a 3 s MS/MS (m/z 65−2000) scan. The 

collision energy range was increased by 20% as compared to the unlabeled 

peptides in order to overcome the stabilizing effect of the basic N-terminal 

derivatives, and to achieve equivalent fragmentation as recommended by 

Applied Biosystems. 
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2.6.2.4.4 Protein identification and relative quantification 

MS/MS data generated from the QSTAR® XL was converted to generic MGF 

peaklists using the mascot.dll embedded script (version 1.6 release no. 25) in 

Analyst QS v. 1.1 (Applied Biosystems, Sciex; Matrix Science). Further 

processing of the data was undertaken using an in-house Phenyx algorithm 

cluster (binary version 2.6; Geneva Bioinformatics SA) at the ChELSI Institute, 

University of Sheffield, against the Homo sapiens UniProt protein 

knowledgebase (SwissProt and Trembl (41070 and 71449 entries 

respectively, downloaded July 2012) to derive peptide sequence and hence 

protein identification. These data were then searched within the reversed 

Homo sapiens database to estimate the false-positive rate.  Peptides 

identifications at 1% false discovery rate were accepted. The iTRAQ reporter 

ion intensities were exported. Protein quantifications were obtained by 

computing the geometric means of the reporters' intensities. Median 

correction was subsequently applied to every reporter in order to compensate 

for systematic errors e.g. if a sample happened to have been loaded at a 

largely different total concentration. The reporter intensities, in each individual 

MS/MS scan, were also median corrected using the same factors, with the 

rationale that if the total concentration of a sample A was half that of another 

sample B, the intensities of sample A's reporter have to be doubled to allow 

for a fair comparison. t-tests applied to determine alterations in protein level 

between samples use these corrected intensities since these were was 

carried out for every protein and because of the multiple times each test was 

performed, the threshold (α=5%) used for significance was corrected for data 
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mining. A standard Bonferroni correction was used to minimise false positive 

results. The workflow was developed in house [200]. 
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2.7 Orthogonal validation using western immunoblotting. 

2.7.1 Transferring of resolved proteins onto PVDF membranes and 

immunoblotting 

Following elution of protein using the Pierce SDS-PAGE Sample Prep Kit, the 

fraction 3 in individual eppendorfs were boiled with non-reducing sample 

buffer (provided with the kit) at 95C for 5 min, and then centrifuged at 600g for 

1 min. The supernatant obtained was pooled into individual groups as 

described in 3.7; 5μG of pooled protein was loaded onto 12% SDS PAGE 

gels. In addition, 5μG of fraction 3 of MCF 7 cells was loaded onto a lane as 

an internal control. The SDS PAGE gel was prepared as per standard 

techniques. The gel was transferred into the tank and filled with running buffer 

and electrophoresed at 100V for 1.5 -2 hours.  

The proteins separated by SDS–PAGE was transferred to polyvinylidene 

difluoride (PVDF) membranes using a wet transfer technique.  The transfer 

was achieved in a tank containing transfer buffer and run at 100 V for 60-90 

minutes. The membrane was blocked overnight at 4°C with 5% w/v bovine 

serum albumin in Tris-Buffered Saline with Tween 20 (TBST), pH 8.0. 

2.7.2 Probing of membranes with primary and secondary antibodies and 

analysing band intensities  

The primary antibodies antibodies described before were used. Cross-

reaction was visualised using polyclonal secondary horseradish peroxidase 

(HRP) antibodies - conjugated rabbit anti-mouse or goat anti-rabbit IgG as 

appropriate along with enhanced chemiluminescence reagent.   

2.7.3 Re-probing PVDF membrane 
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The PVDF membranes were washed in TBST to remove the 

chemiluminescence agent. They were then incubated in 5 mls of Restore 

Western Blot Stripping buffer at room temperature with gentle rocking. 

Following a further 3 washes in TBST for 10 minutes each, the membranes 

were re-probed.  

2.7.4 Densitometric analysis of immunoblots and calculating acetyl and 

phosphorylation ratios 

Using Chemigenius Bio-Imaging System and Gene Tools software, the 

membranes were imaged. Individual bands of interest were selected manually 

and their pixel densities obtained from the imaging software. The software 

automatically corrected for any background activity. Densitometry results to 

calculate the proportion of phosphorylated/acetylated K8 were normalised to 

the band obtained with MCF-7 and calculated as follows: 

X=. Phosphorylated/acetylated K8 band intensity/MCF-7 band intensity  

Y= Total K8 band intensity/MCF-7 band intensity  

X/Y= phosphorylated/acetylated K8 ratio 
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2.8 Setting up the study and obtaining ethical approval 

The clinical study was undertaken at Department of Gastroenterology, Royal 

Hallamshire Hospital, Sheffield Teaching Hospitals NHS Foundation Trust and 

Department of Oncology, University of Sheffield. Prior to recruitment of 

patients in the study, we had to complete several steps: 

1. Registering the project and developing a protocol for investigation 

2. Ensuring successful independent peer review 

3. Obtaining favourable ethical approval 

4. Obtaining research funding grant for consumables and experimental 

work. 

2.8.1 Time line for registering project, obtaining ethics approval prior to 
commencement of recruitment of study patients (figure 2.10)  

The study was registered with the Sheffield Teaching Hospital NHS 

Foundation Trust, Research and Development (R&D) department on 15-11-

2009. Successful ethical approval from the South Yorkshire Research Ethics 

Committee was obtained on 22-04-2010 and, recruitment of patients was 

commenced from 21-6-2010. Further details of the timeline of activities 

undertaken prior to commencing recruitment have been summarised in figure 

2.10. 
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Figure 2.10. Timelines with activities undertaken since the start of the project have been 
summarised. 

 

15/11/2009

•Project registered with Research and Development at Sheffield Teaching Hospitals 
NHS Foundation Trust

8/12/2009
•Statistical input received from Research Design Service for Yorkshire and Humber

5/1/2010

•Independent scientific review
•Both reviewers commented on the strengths of the study hypothesis as well as the 

protocol

2/3/2010

•Application submitted for ethical approval
•South Yorkshire Research Ethics Committee (Ref 10/H1310/21)

25/3/2010

•South Yorkshire Research Ethics Committee meeting attended to clarify ethical 
issues arising out of the proposed study

22/04/2010
•Ethical approval received

7/5/2010
•Clinical directorate (Gastroenterology) approval

2/6/2010
•Finance Directorate approval

8/6/2010 
•Authorisation to commence project received from trust R&D

21-06-2010
•Recruitment commenced

04-07-2011
•Recruitment completed
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2.8.2 Ethical assessment 

The research ethics committee received the study favourably. Apart from a 

few minor clarifications, no further major changes were needed and ethical 

approval was obtained on 22/04/2011(appendix 7 page 187).  

2.8.3 Grant application 

A grant application was made to Bardhan Research and Education Trust of 

Rotherham Ltd on 14/1/2010. This was successful and we received 

notification from the grant administrator on 13/05/2010. 

2.9 Recruitment of patients 

Recruitment of patients for the study was commenced on 21/6/2010. Informed 

consent was obtained from all patients meeting the inclusion and exclusion 

criteria (Section 2.1.1, page 55). All patients recruited had the the study 

explained to them in details by the investigators. They were all recruited either 

by Dr Majumdar (student investigator) or Dr Lobo (Principal investigator). 

They were also encouraged to read the ‘Patient/Control information leaflet’ 

(Appendix 3 & 4 page 172 and page 177 respectively) prior to consenting to 

the endoscopic procedures.  

Colonoscopic /flexible sigmoidoscopic examination and biopsies were 

performed as per standard clinical practice and indication. Most of the 

colonoscopic / flexible sigmoidoscopic examinations were undertaken by Dr 

Majumdar. 

2.9.1 Categorisation of patients  

The recruited patients were assessed for the following parameters 

1. Duration of colitis since diagnosis 

2. Clinical disease activity (Mayo score) [187] 

3. Mucosal disease activity at endoscopic (Baron’s score) [188] 

4. Endoscopic extent of the disease in the colon 

5. Family history of colorectal cancers   
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Colonoscopy or flexible sigmoidoscopy was undertaken. Colonic biopsies 

were obtained according to British Society of Gastroenterology guidelines [2]. 

Study biopsies (for immunohistochemistry and proteomic studies) were taken, 

in addition from rectum and mid-sigmoid colon with additional biopsies from 

the dysplastic regions. In patients with active distal disease, biopsies were 

taken from inflamed and non-inflamed regions. Any visible abnormal lesions 

were resected or biopsied with field biopsies taken from the immediate vicinity 

of dysplastic lesions. Details of the protocol for obtaining colonic biopsies are 

shown in section 2.1.6 (page 58) and section 2.1.9 (page 60). Study biopsies 

from each site were either fixed in formalin (for subsequent 

immunohistochemical studies), or were frozen in liquid nitrogen (for proteomic 

assays). 

In order to analyse samples by quantitative proteomics, patients were 

categorised into the following phenotypic groups.  

1. ROUC – Recent onset (duration <5 years) UC 

2. LSPC – Long standing quiescent pancolitis (duration of disease 

>20 years) to evaluate effect of disease duration on insoluble 

intermediate filament protein profile in comparison with ROUC 

3. PSC – PSC associated with UC: to identify changes in this high-

risk group 

4. ACT – Active distal colitis: to identify effects of acute 

inflammation in the same group of patients when compared to 

the inactive proximal segment 

5. INACT – Inactive proximal colon in patients with distal active 

disease  

6. DT – Biopsies from the dysplastic lesions  

7. DR – Rectal biopsies in patients with dysplasia to investigate for 

field changes in intermediate filaments 

8. Healthy controls (CON) 

2.9.2 Clinical, histological and endoscopic data 

2.9.2.1 Ulcerative colitis patients and controls recruited in the study 
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A total of 100 patients with UC were recruited along with 18 healthy controls. 

Details of UC patients are provided in table 5.1. The median age of patients 

with UC was 54 years (range 20-75). Patients were categorised according to 

disease extent and other phenotypic characteristics. Number of patients in 

individual groups was as follows pancolitis (n=47), subtotal colitis (colitis 

involving most but not all of the colon)(n=6), left sided colitis (n=19), 

proctosigmoiditis (n=12), proctitis (n=9) and PSC and colitis (n=7). The 

median duration of disease (in years) in each group is described in table 2.3.  

There were 4 patients with evidence of dysplasia histologically. Additional 

biopsies were obtained in these patients from the dysplastic lesions (n=3).  

The median age of recruited control patients was 60 years (range 41-75) with 

a male to female ratio of 3:7. 

Patients in each phenotype were also categorised according to the duration of 

disease. Details are shown in table 2.4. 
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Table 2.3 Summary of UC patients recruited in the study  

 No Median 

age(years) 

Sex 

M:F 

Median 

duration of 

disease 

Pancolitis 47 57(20-74) 33:14 21(1-42) 

Subtotal colitis 6 62.5(51-75) 1:1 31(19-45) 

Left sided colitis 19 41(25-71) 11:8 9(0-38) 

Proctosigmoiditis 12 49.5(24-70) 1:1 15.5(0-30) 

Proctitis 9 42(30-69) 1:8 7(2-25) 

PSC and colitis 7 56(38-71) 5:2 17(2-35) 

 

 

Table 2.4 Patient groups categorised according to duration of disease 

Duration 
of 
disease 

No Pancolitis Subtotal 
colitis 

Left 
sided 
colitis 

Proctitis Procto-
sigmoiditis 

PSC 
colitis 

<5 19 6 0 7 3 2 1 

5-10 14 5 0 3 2 3 1 

11-19 23 11 1 4 3 1 3 

20-29 23 13 1 2 1 5 1 

30-39 18 10 3 3 0 1 1 

>40 3 2 1 0 0 0 0 
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2.9.2.2 Categorisation of UC phenotype according to disease activity 

Endoscopic (clinical) and histological activity was assessed in all patients with 

UC. Details are provided in table 2.5.  

 

Table 2.5 Median disease activity as assessed clinically (endoscopically) and histologically  
 
 
 Barons score Histological score 

 Rectum Sigmoid Rectum Sigmoid 

Pancolitis 0(0-3) 0(0-3) 0(0-3) 0(0-2) 

Subtotal colitis 1(0-2) 1(0-2) 1(0-3) 0(0) 

Left sided colitis 2(0-3) 2(0-3) 1(0-3) 0(0-1) 

Proctitis 2(1-3) 0(0-1) 1(0-3) 0(0) 

Proctosigmoiditis 0(0-2) 0(0-2) 0(0-2) 0(0-1) 

PSC and colitis 0(0-2) 0(0-2) 0(0) 0(0) 

 

 

2.9.2.3 Patients with distal active disease only  

A group of patients with distal active disease (proctitis/proctosigmoiditis) were 

included in the study. This group was chosen in order to compare proteomic 

changes in inflamed mucosa to uninflamed proximal mucosa in the same 

patient. These patients had biopsies taken from the rectum, mid-sigmoid 

colon and in addition from proximal un-involved colon. A total of 10 such 

patients were recruited. Details of disease extent and endoscopic activity are 

shown in table 2.6 
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Table 2.6 Patients with distal active distal disease  

 

Patient 
No 

Sex Age Extent of disease Disease duration 
(years) 

Baron score  

Rectum Proximal colon 

UC0004 F 71 Left sided 30 2 0 

UC0008 F 39 Proctosigmoiditis 5 2 0 

UC0016 F 30 Proctitis 13 3 0 

UC0018 M 33 Proctitis 3 2 0 

UC0021 F 69 Proctitis 2 3 0 

UC0026 F 56 Left sided 45 2 0 

UC0045 M 33 Left sided 9 2 0 

UC0076 F 23 Proctitis 14 2 0 

UC0082 F 45 Proctitis 5 2 0 

UC0097 F 26 Proctosigmoiditis 1 3 0 

 

2.9.3 Categorisation of patients for proteomic study 

In order to analyse samples by quantitative proteomics, recruited patients 

were categorised into the phenotypic groups described in section 2.9.1(page 

99). Eight patients with recent onset (duration of disease <5 years) quiescent 

disease were included, with a median age of 31 years (range 22-52) and a 

median duration of disease of 2 years (range 0-4) (Table 2.7). There were 10 

patients in the LSPC group with a median age of 59.5 years (range 48-73 

years) and median duration of disease of 29 years (range 21-37) (table 2.8). 

The other two groups included patients with PSC [median age 56 years 

(range 38-71), duration of disease 17 years (range 5-35)](table 2.9) and 

dysplasia [median age 60 years (range 20-74), duration of disease 21 years 

(range 9-41)](table 2.10). 

  



 105 

Table 2.7 Patients with recent onset UC (ROUC) 

Patient 
No 

Sex Age Extent of 
disease 

Duration of 
disease 

Baron 
score 

Rectum 

Histological 
score 

Rectum 
UC0005 F 25 Left sided <1 0 0 

UC0006 M 52 Pancolitis 3 0 0 

UC0009 F 42 Proctitis 2 1 1 

UC0025 F 31 Left sided <1 1 0 

UC0032 F 22 Pancolitis 3 1 0 

UC0053 M 44 Pancolitis 1 1 0 

UC0062 F 31 Pancolitis 4 1 0 

UC0089 M 24 Procto-

sigmoiditis 

1 1 0 

 

Table 2.8 Patients with long standing pancolitis (LSPC) 

Patient 
No 

Sex Age Duration 
of 

disease 

Baron score 
Rectum 

Histological 
score Rectum 

UC0002 F 56 21 0 0 

UC0007 F 70 42 0 0 

UC0013 M 62 21 1 0 

UC0017 F 51 31 1 1 

UC0020 M 46 37 0 0 

UC0031 M 57 27 0 0 

UC0033 M 73 23 0 0 

UC0034 M 62 33 0 0 

UC0040 M 73 23 0 0 

UC0041 M 52 31 0 0 
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Table 2.9 Patients with primary sclerosing cholangitis and UC 

 

Patient 
No 

Sex Age Duration 
of 

disease 

Baron score 
Rectum 

Histological 
score 

Rectum 
UC0003 M 61 5 0 0 

UC0011 M 71 17 0 0 

UC0024 F 52 32 0 0 

UC0058 M 56 20 0 0 

UC0068 M 44 35 1 0 

UC0079 F 38 16 2 0 

UC0094 M 58 13 0 0 

 

 

Table 2.10 Patients with pancolitis and dysplasia 

 

Patient 
No 

Sex Age Duration of 
disease 

Baron 
score 

rectum 

Histological 
score rectum 

UC0036 F 52 10 0 0 

UC0078 M 68 32 0 0 

UC0083 F 74 41 0 0 

UC0101 M 20 9 2 0 
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CHAPTER 3 
MASS SPECTROMETRIC ANALYSIS OF 
INTERMEDIATE FILAMENT PROTEINS 
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3.1 Introduction 

‘Proteomics’ has emerged as an important technique for large-scale analysis 

of proteins in biological tissues [79]. It has enabled a better understanding   of 

expression of proteins, their structure and alterations and interactions with 

other proteins as well as their physiological and pathophysiological functions 

in biological tissues and samples (Figure 1.2 page 33) [79, 83]. Several cell 

line, murine and human proteomic studies have been undertaken 

investigating various aspects of IBD including pathogenesis of IBD (as well as 

colitis associated cancers) and identifying biomarkers for diagnosing IBD (and 

differentiating UC from CD)  (Section 1.3.2, page 36).  

The central technique used in all proteomic strategies is tandem mass 

spectrometry (MS/MS) [78]. This enables measurement of the ratio of mass to 

charge for ionised constituents like peptides. A variety of mass spectrometric 

techniques have been developed including quantitative proteomic [(isotope 

coded affinity tagging (ICAT), stable isotope labeling with amino acids in cell 

cultures (SILAC) and isobaric tag for relative and absolute quantitation 

(iTRAQ)], protein/antibody arrays, and multi-epitope-ligand cartograph for 

identifying and quantifying proteins[78]. ‘Discovery proteomics’ based on 

iTRAQ (isobaric tagging for relative and absolute quantification) 

employs chemical labeling of peptides and relative quantification at the level 

of tandem mass spectrometry (MS/MS) thus enabling protein profiling, based 

on the simultaneous identification and relative quantification, in parallel from 

multiple biological samples [78]. Sample preparation and identifying the 

clinical context are also critically important in most proteomic experiments.  

Intermediate filament proteins are key cellular cytoskeletal components [109] 

with keratins and vimentin predominating in epithelial tissue [115] and of 

mesenchymal tissues [201, 202] respectively. Studies have shown 

association of keratin intermediate filament proteins in the pathogenesis of 

IBD [175, 180]. Altered keratin expression is also seen in CAC [185, 186] as 

well as sporadic CRC [203].Increased expression of vimentin in the stroma in 

sporadic CRC has been noted to be associated with increased malignant 

potential [204]. In view of the demonstrated association of keratins with IBD 

pathogenesis as well as a potential role of keratins and vimentin as markers 
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of CRC, we investigated proteomic changes in IF proteins in a well 

characterised group of UC patients with differing phenotype.  

Following development and validation of an iTRAQ-compatible extraction and 

solubilisation protocol for insoluble IF proteins, labelled peptides from pooled 

patients were analysed by SCX-LC-MS/MS and data obtained was 

reconstituted using GeneBio Phenyx. All data was searched against Uniprot 

database (http://www.uniprot.org). Inter-group comparisons were made using 

in-house algorithms based on t-testing with multiple test correction developed 

previously [200]. iTRAQ analyses was run once as the results were 

subsequently validated orthogonally by western blotting. 

3.2 Experimental design 

The dissolved cytoskeletal fraction obtained from individual colon biopsy 

samples, were pooled into eight groups being investigated. Hundred (100) µg 

of protein pooled in each group was diluted with TEAB to obtain a strength of 

2M GuHCl. Reduction of proteins was done by adding 50mM TCEP-HCl 

followed by alkylation using 10mM MMTS. After overnight trypsin digestion, 

iTRAQ (8-plex) labelling was done followed by SCX fractionation of peptides 

on a BioLC HPLC unit prior to MS/MS analyses. This technique has been 

described previously in the literature by Pham et al  [182]. Reverse phase 

high performance liquid chromatography (RP-HPLC) on line to a QSTAR XL 

tandem mass spectrometer was undertaken. Steps were undertaken as 

described by Pham et al  [182]. MS/MS data generated from the QSTAR® XL 

was first converted to generic MGF peaklists using the mascot.dll embedded 

script (version 1.6 release no. 25) in Analyst QS v. 1.1. Further processing of 

the data was undertaken using an in-house Phenyx algorithm cluster (binary 

version 2.6; Geneva Bioinformatics SA) at the ChELSI Institute, University of 

Sheffield, against the Homo sapiens UniProt protein knowledgebase 

(SwissProt and Trembl (41070 and 71449 entries respectively, downloaded 

July 2012) to derive peptide sequence and hence protein identification. These 

data were then searched within the reversed Homo sapiens database to 

estimate the false-positive rate.  Peptides identifications at 1% false discovery 

rate were accepted. The iTRAQ reporter ion intensities were exported. Protein 

quantifications were obtained by computing the geometric means of the 
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reporters' intensities. The essential steps are shown in figure 2.9(page 90). 

3.3 Results 

3.3.1 Protein expression profile in patient categories compared to 
controls on iTRAQ analysis 

Forty aliquots of SCX fractions were analysed as described in the methods 

section (Section 2.6.2.4 page 91) [200]. Eight hundred and sixty-two (862) 

peptides were identified and quantified using an applied false discovery rate 

of 1%. This resulted in identifying 52 proteins, of which 32 proteins (with ≥ 2 

quantifiable peptides) were quantified and were taken forward for further 

analysis. Alterations in protein level were determined by t-test, utilising 

peptide-level intensities of the iTRAQ reporter ions to determine which 

proteins are significantly altered. A comprehensive list of all the proteins 

identified is described below (table 3.1) and an example of a representative 8-

plex iTRAQ labelled peptide is depicted in figure 3.1. Proteins identified 

included intermediate filaments K8, K18 and K19, intermediate filament 

associated proteins Spectrin β chain brain 4, Xin actin-binding protein 1 and 

KRT1B as well as histone proteins and collagen.  
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Figure 3.1. Representative 8-plex iTRAQ labeled peptide. Tandem mass spectrum generated 

by fragmentation on doubly charged ion of m/z 673.4. The sequence ions and iTRAQ reporter 

ion (inset) are shown and the y and b ion series annotated for the K19 peptide sequence 

IVLQIDNAR 

 

 

Table 3.1: List of proteins identified and relatively quantified in the iTRAQ proteomic datasets.  

 

Accession # 
peptides 

# valid 
peptide 

sequence 

% 
Coverage 

Score Mass 
(kDa) 

Description 

Q96KK5 78 3 17 25.1 13775 Histone H2A type 
1-H  

O60814 68 8 55 60.2 13759 Histone H2B type 
1-K  

B4E380 62 8 41 62.0 12918 Histone H3  
Q53SW3 40 1 2 7.5 52094 Putative 

uncharacterized 
protein DPYSL5 

P62805 38 6 47 48.1 11236 Histone H4 [CHAIN 
0] 

P05787 35 11 20 95.3 53573 Keratin, type II 
cytoskeletal 8  

P08727 31 13 25 122.0 44092 Keratin, type I 
cytoskeletal 19  

P30989 24 1 2 5.4 46259 Neurotensin 
receptor type 1  

Q147W7 23 1 3 11.0 37522 KRT1B protein 
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P05783 17 4 7 38.1 47927 Keratin, type I 
cytoskeletal 18  

D3DP13 15 2 4 16.0 39737 Fibrinogen beta 
chain 

P12111 15 19 6 138.3 321350 Collagen alpha-
3(VI) chain 

P08123 13 4 3 29.3 91755 Collagen alpha-2(I) 
chain  

B4E241 6 1 7 9.4 14203 Splicing factor, 
arginine/serine-rich 

3 
O75084 5 1 1 6.6 60730 Frizzled-7  
P11678 5 1 2 7.4 53422 Eosinophil 

peroxidase heavy 
chain  

Q702N8 5 1 1 7.2 122134 Xin actin-binding 
repeat-containing 

protein 1  
Q9NRC6 5 2 0 12.7 416835 Spectrin beta chain, 

brain 4 
B3KRK8 5 4 6 37.2 46976 cDNA FLJ34494 

fis, highly similar to 
vimentin 

B4DJC3 4 1 5 9.3 21548 Histone H2A 
P07355 4 2 7 16.2 38473 Annexin A2  
P59665 4 2 35 16.0 3377 Neutrophil defensin 

2  
Q9HAM5 4 1 3 8.8 21598 cDNA FLJ11359 

fis, moderately 
similar to 

HYPOXIA-
INDUCIBLE 

FACTOR 1 ALPHA; 
B4DUR6 3 1 1 7.0 76094 cDNA FLJ58493, 

highly similar to 
Centaurin-gamma 2 

P12644 3 1 2 6.0 46555 Bone 
morphogenetic 

protein 4  
Q68CJ9 3 1 2 7.0 44153 Processed cyclic 

AMP-responsive 
element-binding 

protein 3-like 
protein 3 

Q9H9P2 3 1 3 6.4 25979 Chondrolectin  
D3DWL0 3 2 1 12.2 234119 Plectin 1, 

intermediate 
filament binding 
protein 500kDa 

Q5T1W7 2 1 3 7.5 21473 Beta-transducin 
repeat containing 

Q6ZNC2 2 1 3 6.1 30533 cDNA FLJ16223 
fis, clone 

CTONG3003598 
B3KR37 2 1 1 5.7 55951 cDNA FLJ33617 

fis, clone 
BRAMY2019055, 
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highly similar to 
Epidermal growth 

factor receptor 
substrate 15 

B4DVQ0 1 5 13 42.0 37349 cDNA FLJ58286, 
highly similar to 

Actin, cytoplasmic 2 
C9JLJ5 1 1 5 6.1 16083 Putative 

uncharacterized 
protein TRIP12 

D3DX73 1 1 1 6.2 101590 HCG1994636, 
isoform CRA_b 

P04053 1 1 2 5.7 58309 DNA 
nucleotidylexotransf

erase  
P52961 1 1 3 6.8 30538 GPI-linked 

NAD(P)(+)--
arginine ADP-

ribosyltransferase 1  
Q03167 1 1 1 7.3 91316 Transforming 

growth factor beta 
receptor type 3 

Q13032 1 1 2 6.7 80137 Transporter 
Q14118 1 1 4 5.9 26557 Beta-dystroglycan  
Q15161 1 1 5 6.1 12747 DNA-directed RNA 

polymerase 
Q59GU6 1 1 2 6.4 50099 Sorting nexin 1 

isoform a variant 
Q5CZ99 1 1 1 6.8 85623 Putative 

uncharacterized 
protein 

DKFZp686I1370 
Q5T911 1 1 4 5.3 27077 Mediator complex 

subunit 4 
Q5TEC6 1 5 29 38.1 15430 Histone H3 
Q5VZM2 1 1 2 5.7 40172 Ras-related GTP-

binding protein B 
Q6ZSP3 1 1 1 8.5 133571 cDNA FLJ45330 

fis, highly similar to 
Potential 

phospholipid-
transporting 
ATPase IB  

Q8TE58 1 1 1 5.9 80515 A disintegrin and 
metalloproteinase 

with 
thrombospondin 

motifs 15 
Q8TES4 1 2 1 12.8 153599 FLJ00119 protein 
Q96Q15 1 1 0 6.8 269425 Serine/threonine-

protein kinase 
SMG1 

Q9HDB4 1 1 6 6.0 13200 Putative 
uncharacterized 
protein CATX-1 
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3.3.2 Longstanding colitis is associated with increased mucosal levels 

of cytoskeletal proteins, keratins and vimentin. 

In order to control for altered total protein levels in groups, presence of protein 

in the dissolved samples was confirmed by protein assay (in triplicate) as 

described in the methods section (Section 2.6.1, page 88).  Table 3.2 and 

figure 3.2 summarises linear fold change in IF protein levels in individual 

groups (eg 2.2 = 2.2 linear fold increase) compared to control patients. There 

is a marked increase in mucosal level of K8 (1.7x), K19 (1.7x) and vimentin 

(2.2x) in the rectal mucosa of patients with LSPC with quiescent disease. In 

contrast patients with ROUC, despite having macroscopically and 

microscopically quiescent disease, demonstrated significantly reduced keratin 

levels compared to controls (K8, K18, K19 and VIM 0.3, 0.5, 0.4 and 0.5 fold 

respectively, all p <0.05).  

In PSC there is a significant reduction in keratin and vimentin levels (0.8, 0.7, 

0.8 and 0.9 fold for K8, K18 and K19 and VIM respectively; p<0.05. Analysis 

of dysplastic tissue (DT) and field rectal mucosa (DR) (in patients with 

dysplasia) also showed a similar pattern of changes in DR (0.8, 0.7, 0.8 fold 

for K8, K18 and K19) and DT (0.5, 0.7 and 0.4 fold for K8, K18 and K19) 

relative to controls.  

In order to investigate effects of disease duration on IF proteins, fold changes 

in proteins in LSPC patients were compared with ROUC patients (figure 3.3). 

In comparison to ROUC, a significant increase in levels of IFs (4.3, 1.2, 4 and 

3.5 fold for K8, K18, K19 and VIM respectively; p<0.05) and IF associated 

proteins Xin and Spectrin was noted in LSPC. These results indicated that 
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longstanding quiescent colitis is associated with an increased mucosal level of 

keratins, vimentin and IF associated proteins.  

Figure 3.2 Results of mass spectrometry analysis showing significant fold changes in 
protein levels in the patient groups relative to controls. IF extracts from colorectal 
biopsies were subject to proteomic analysis. Mass spectrometry results showing significant 
fold changes (p<0.05) of IF proteins between different patient groups (LSPC, ROUC, and 
PSC and those with dysplasia-DR and DT respectively) in comparison to control. . LSPC 
shows a significant increase in levels of K8, K19 and VIM; in ROUC, PSC, DR and DT the 
levels of K8, K18 and K19 are significantly decreased.  

 

 
Figure 3.3 Effect of disease duration on mucosal levels of IFs, comparing patients with 
LSPC to ROUC. Cytoskeletal protein extracts from colorectal biopsies were subject to 
proteomic analysis. Mass spectrometry results are shown describing significant fold changes 
(p<0.05) of IF proteins and associated proteins The graph shows an samples exhibited a 
marked increase in all IF proteins and IF associated proteins (Spectrin, Xin) in LSPC 
compared to ROUC. 
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Table 3.2 Mass spectrometry results summarising fold changes(linear) in levels of key IF 
proteins and associated proteins between different patient groups. Fold change in all cases 
are compared to control samples. Multiple test correction (Bonferroni) is applied to the data. 
Fold changes shown have reached at least P=0.05, and higher significance thresholds where 
indicated.  
(¶ p<0.001 NS- not significant K8- Keratin8, K18- Keratin 18, K19- Keratin 19, VIM- Vimentin, 
Spec- Spectrin) 
 

Protein Accession 
no 

Gene 
symbol 

MW(Da) Peptide 
no 

Fold change in levels (p<0.05 unless stated) 

Control vs LSPC 

vs 

DT 

vs 

LSPC ROUC PSC DR DT ROUC DR 

K8 P05787 KRT8 53704 35 1.7 0.3 0.8 0.8 0.5 4.3 0.7 

K18 P05783 KRT18 48058 17 NS 0.5 0.7 0.7 0.7 1.2 NS 

K19 P08727 KRT19 44106 31 1.7 0.4 0.8 0.8 0.4 4.1 0.6 

VIM B3KRK8 VIM 46976 4 2.2¶ 0.5 0.9¶ NS NS 3.5 NS 

KRT1B 
protein 

Q147W7 KRT1B 37522 23 NS 0.6 NS 0.8¶ 0.7 1.2 NS 

Xin Q702N8 XIRP1 198561 5 0.7¶ 0.2 NS NS 0.4¶ 1.2 0.5 

Spectrin Q9NRC6 SPTBN5 416835 5 0.7¶ 0.2 NS NS 0.4¶ 3.2 0.5 

 
 

3.3.3 Keratins 8, 18 and 19 are reduced in primary sclerosing cholangitis 
and in dysplasia 

In this study we evaluated proteomic changes not only in the dysplastic tissue 

(DT) but also in the rectal mucosa to identify any field changes in the IF 

proteome. Dysplastic tissue (DT) revealed a significant reduction in levels of 

K8, K18, K19 as well as KRT1B, Xin and Spectrin compared to controls 

(figure 3.2). Interestingly rectal mucosa (DR) in patients with dysplasia too 

showed reduced levels, though less than in the dysplastic tissues themselves. 

Such changes suggest a possible pan colonic change in IF proteome in 

patients with dysplasia.  
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When compared to LSPC, patients with dysplasia showed a reduction in 

levels of K8, K19 and VIM (p<0.05) (figure 3.4). This was more pronounced in 

the dysplastic tissue, which showed a significant reduction in K8, K19, Xin and 

Spectrin compared to the field mucosa (figure 3.5). In PSC group too there 

was a significant reduction in keratin levels compared to controls (figure 3.2). 

In comparison to LSPC patients, PSC showed a significant reduction(p<0.05) 

in levels of K18, K18 and K19 (figure 3.4). Interestingly VIM levels were 

increased in this high-risk group compared to LSPC.  

Figure 3.4 Proteomic changes in patients with PSC and dysplasia compared to LSPC 
group. Cytoskeletal protein extracts from colorectal biopsies were subject to proteomic 
analysis. Mass spectrometry results are shown describing significant fold changes (p<0.05) of 
IF proteins and associated proteins There is a significant reduction (p<0.05) in most IF protein 
levels compared to LSPC in all 3 groups. Directionality of VIM alteration distinguishes PSC 
group from DR and DT. 
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Figure 3.5 Proteomic changes in dysplastic tissue (DT) compared to non-dysplastic 
rectal field mucosa (DR). Cytoskeletal protein extracts from colorectal biopsies were subject 
to proteomic analysis. Mass spectrometry results are shown describing significant fold 
changes (p<0.05) of IF proteins and associated proteins. There is significant reduction 
(p<0.05) in K8, K19, Xin and Spectrin levels in dysplastic tissue compared to the uninvolved 
rectal field mucosa. 
 

 

 
 
3.3.4 Acute inflammation in the colorectal mucosa is associated with 
reduced levels of mucosal cytoskeletal proteins 

In order to identify the effect of inflammation on the IF proteins in the colonic 

mucosa, we investigated a group of patients with active distal colitis (ACT) 

who had normal proximal colonic mucosa, both histologically and 

endoscopically (INACT). In this group, mass spectrometry revealed 

significantly decreased fold change in levels of K8 (0.4 fold), K18 (0.7 fold), 

K19 (0.4 fold) and VIM (0.6 fold) (all p<0.05) in inflamed mucosa in 

comparison to controls as well as to the un-involved proximal colon (Table 

3.3) (figure 3.6 a & b). Thirteen proteins in the insoluble protein fraction were 

unchanged between the patient samples compared; levels of two cytokine 

proteins, neutrophil defensin 1, and bone morphogenetic protein 4 were 

increased only in actively inflamed segment. As an experimental control, other 

proteins were also noted raised in the inflamed mucosa (H2A, ND1 and EP). 

The endoscopically and histologically un-inflamed mucosa did not show any 

significant difference in protein levels from the mucosa of controls (Table 3.3).  
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Table 3.3 Mass spectrometry results showing significant fold changes (applying quantification 
stringency of MTC on, p<0.05) in levels of intermediate filament proteins and associated 
proteins in acutely inflamed mucosa compared to controls. ¶ p<0.001, NS- not significant 
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Figure 3.6 (a) iTRAQ data showing alteration in mucosal intermediate filament protein 
levels in acute inflammation compared to proximal un-inflamed mucosa. Cytoskeletal 
protein extracts from colorectal biopsies were subject to proteomic analysis. Mass 
spectrometry results are shown describing significant fold changes (p<0.05) of IF proteins and 
associated proteins comparing colonic mucosa in acute inflammation to proximal un-inflamed 
mucosa (p<0.05). There is a significant decrease in (p<0.05) in K8, K18, K19, vimentin, 
KRT1B, Xin and Spectrin levels in inflamed mucosa. 

 

 

 (b) Figure shows a representative colonic mucosa showing inflamed and un-inflamed 
segments in the colonic mucosa of the same patient. 
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(c) Immunohistochemical staining showing normal distribution of K8, K18, K9 in the colonic 

crypts and VIM in the mesenchymal tissue in normal colonic mucosa of control patients. 

Following deparafinisation, rehydration and antigen retrieval of the tissue sections, they were 

treated with the appropriate primary (K8, K18, K19 and vimentin) and secondary antibodies 

(Biotinylated Goat Anti-Mouse IgG antibody).  

  

K8 K18 

 

 

K19 VIM 
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d) Figure showing immunohistochemical staining of the colonic crypts with K8 in patients with 

active inflammation and quiescent disease. Following deparafinisation, rehydration and 

antigen retrieval of the tissue sections, they were treated with the appropriate primary (K8, 

K18, K19 and vimentin) and secondary antibodies (Biotinylated Goat Anti-Mouse IgG 

antibody).  

 

 

Inactive Inflammation K8 
 

               Active Inflammation K8 
 

e) Figure showing mesenchymal vimentin distribution on immunohistochemical staining in a 

patient with dysplasia.  Following deparafinisation, rehydration and antigen retrieval of the 

tissue sections, they were treated with the appropriate primary (vimentin) and secondary 

antibodies (Biotinylated Goat Anti-Mouse IgG antibody).  
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3.3.5 Hierarchical cluster analysis of patient groups based on identified 
peptides 

Hierarchical clustering was performed in parallel to the analyses of the iTRAQ 

data by other researchers in the group. This is based on similarity of identified 

peptides to group the patients into similar categories based on their proteomic 

characteristics. Agglomerative clustering used a ‘bottom up’ approach with 

squared Euclidean distance between log10 value of iTRAQ ratios and smallest 

intercluster dissimilarity linkage procedure was performed (Mathematica 7.0.0 

for Mac), to generate the dendrogram shown in figure 3.7. The dendrogram 

demonstrates the following clustering into two broad groups in terms of 

proteomic similarity– DT, ACT and ROUC; CON, INACT and PSC, LSPC and 

DR (figure 3.7). A clear cut pattern is not seen in the proteomic characteristics 

in the different phenotypic sub clusters within each group. This could be 

explained by the fact that the number of proteins in the IF fraction is much 

smaller than would be obtained from whole cell or soluble proteome analysis, 

but there is potential for trend data to emerge. Additionally, proteins other than 

insoluble IF proteins were also identified in the analyses which could have 

influenced the results. Nevertheless, a similarity in proteomic characteristics 

was noted between ACT and ROUC, changes which reflect the subsequent 

western blotting experiment and results from a possible failure of restoration 

of keratins in the ROUC group despite apparent mucosal healing.  
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Figure 3.7 Dendogram demonstrating clustering of patient groups (V2 CON, V3 ACT, V4 
INACT, V5 LSPC, V6 ROUC, V7 PSC, V8 DR, V9 DT) based on proteomic characteristics. 
Similarities in proteomic results, with clustering are noted between DT, ACT and ROUC.  

 

  DT      ACT     ROUC   LSPC      DR     CON       INACT   PSC 
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3.4 Conclusion 

In this study, using a quantitative proteomic approach with an iTRAQ based 

proteomic workflow we have identified characteristic pattern of alterations in 

insoluble IF proteins in different phenotypic groups of UC patients with 

differing colon cancer risk. Rectal mucosa of patients with quiescent long-

standing colitis shows a significant increase in levels of IFs compared to 

controls. The data thus suggests an influence of disease duration on mucosal 

level of IF proteins. Although studies have demonstrated duration of disease 

as a significant risk factor for CAC [22], in our study, other high risk group 

(PSC) shows a reduced level of IF proteins; similar reduction is also noted in 

dysplastic tissue.  

Acute inflammation is associated with significant reduction in levels of IF 

proteins and IF associated proteins (Xin and Spectrin). Additionally, patients 

with ROUC, despite having macroscopically and microscopically quiescent 

disease, demonstrated significantly reduced keratin levels in rectal mucosa 

compared to controls. The later changes suggest a lag in recovery of 

inflammation related changes in IF proteins despite apparent endoscopic and 

microscopic healing. Taken together the changes noted in acutely inflamed 

mucosa, along with those in `high-risk phenotype point towards a central role 

of inflammation in the pathogenesis of CAC. Role of mucosal inflammation 

(both endoscopic and histological) in pathogenesis of CAC is now well 

recognised [47, 48] and our findings supports those previous studies. The 

raised keratin levels in LSPC, on the other hand could suggest a protective 

role of raised keratins in the mucosa. 

Dysplastic mucosa, and (un-involved) field tissue around dysplasia showed a 

general reduction in IF protein levels. These changes in the rectal biopsies in 

patients with dysplasia point towards a possible pan-colonic field change in IF 

proteome. This is in keeping with previous studies demonstrating a molecular 

field defect throughout the colonic mucosa  [70, 71, 205]. Colonic field effects 

have also been noted in the context of sporadic CRC and adenomatous 

polyps [206]. A separate cross-sectional study from our group, investigating 

proteomic changes in colonic mucosa of patients with adenomatous polyps 
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have shown reduced K8, K18 and K19 expression. These levels reduce with 

progressive proximity to the lesion [207]. Taken together with our study results 

it supports a potential use of keratin alteration in the colonic mucosa as 

biomarkers of CACs.  

Overall these changes identified by quantitative proteomics need further 

characterisation and validation including investigating for PTMs. This may 

help obtain further insight into the pathogenesis of colitis associated cancer  

.   



 127 

 
 
 

CHAPTER 4 
 
 

VALIDATION OF ITRAQ RESULTS BY WESTERN 
BLOTTING AND DEMONSTRATION OF POST-

TRANSLATIONAL MODIFICATIONS IN KERATIN 
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4.1 Introduction 

Ulcerative colitis is a chronic inflammatory disease process of the colon 

associated with an increased risk of of colitis-associated cancer [2, 19]. A 

variety of factors increase the risk, including duration of disease since 

diagnosis. Meta-analysis has demonstrated a cumulative risk of CAC of 2% at 

10 years, 8% at 20 years and 18% at 30 years [22]. Other important factors 

include extent of disease in the colon [29, 30], family history of CRC [34], 

associated PSC [53, 54] and active inflammation in the colon, both 

endoscopic and on histological examination [47]. Current surveillance 

strategies for identifying patients with CAC involving colonoscopy and 

biopsies are limited in their efficacy due to the non targeted nature of such 

investigations [65]. As genomic abnormalities are noted elsewhere in the 

colon in patients with dysplastic and neoplastic changes a pan-colonic 

biomarker could potentially enable diagnose such patients with limited 

rectal/distal colonic biopsies.  

‘Proteomics’ the study of expression, alterations and interactions of proteins 

has emerged as a technique for analysing proteins in biological tissues [79, 

83]. This is because proteins not only constitute the structural elements in 

tissues but also act as messengers of various signalling pathways[81].  

Intermediate filament proteins are key components of the cellular cytoskeleton 

[109] with keratins and vimentin predominating in tissues of epithelial [115] 

and mesenchymal origin [201, 202] respectively. Keratin predominantly is in 

an insoluble filamentous form in cells, although solubility is affected by a 

variety of factors including cellular stress [120] and post-translational 

modifications. Recent studies have shown an association of keratin IF 

proteins in the pathogenesis of IBD. In an animal study, homozygous mK8-/- 

FVB/N mice developed colonic hyperplasia with a histology showing 

inflammation [173]. In another study, heterozygous missense mutation in K8 

gene has also been noted in 5.2% of IBD patients [180]. Altered keratin 

expression in colonic mucosa on immunohistochemistry has been noted in 

patients CAC[185, 186]. Additionally differential expression of K8 has been 

shown in polyps and in the surrounding field mucosa in patients with sporadic 

CRC [206]. Vimentin is a type III IF protein, present in cells of mesenchymal 
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origin [208]. It is now regarded as a marker of epithelial- mesenchymal 

transformation. High VIM expression in CRC tumour stroma may reflect a 

higher malignant potential of the tumour[204]. 

Following translation of proteins, they undergo further changes in tissues. 

Such changes are termed post-translational modifications (PTMs) and help to 

modulate protein functions not encoded for by genes [123]. Keratins too 

demonstrate wide variety of PTMs including phosphorylation[126, 128, 138], 

acetylation [132], glycosylation [133], sumoylation [136] and cleavage [134].  

In this study we have demonstrated using a quantitative mass spectrometric 

strategy, several key changes in IF proteins in the mucosa. analysis of 

insoluble IF proteins in mucosa of patients with UC.  

Using an iTRAQ based quantitative proteomic approach using colonic 

biopsies from patients with UC, we have shown alteration in IF proteins. LSPC 

patients show elevated mucosal levels of keratins, whereas inflammation is 

associated with reduced levels in the inflamed mucosa only. Similar changes 

are also seen in dysplasia and in rectal mucosa of those with dysplasia. 

Hence in this study we investigated those changes using western blot to 

validate the results noted on iTRAQ analysis and to investigate for PTMs.  

4.2 Aims and experimental design 
In this study we aimed to validate the results of the iTRAQ analysis using WB. 

In addition, we aimed to investigate for PTMs primarily phosphorylation and 

acetylation using specific antibodies. Details of the steps taken are mentioned 

in in section 2.7.2 (page 95). Briefly, following elution of the proteins on SDS-

PAGE gel, they were transferred onto a membrane followed by probing with 

primary antibodies to K8, K18, K19, VIM, phosphorylated K8 (K8-pS23, K8-

pS73, K8-pS431) and acetylated K8. Densitometric analysis of the band 

intensity was undertaken as described previously (section 2.7.4, page 95). All 

WB experiments were run twice. 

4.3 Results 

4.3.1 Validation of iTRAQ results by western blotting and demonstration 
of post-translational modifications in keratins 

Orthogonal validation of the iTRAQ results was undertaken by western 

immunoblotting using antibodies described previously (section 2.2.1.1 page 
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61). An initial Coomassie staining of a gel was undertaken to visualise the 

loaded gels. Results of the Coomassie staining are shown in figure 4.1.   

Figure 4.1 Coomassie stained gel to visualise the protein bands and ensure adequate 
loading of the gel with samples. Extracted and solubilised cytoskeletal protein samples 
from individual patients were pooled into 8 groups.  5µG protein loaded into each lane from 
each group was loaded onto a SDS-PAGE gel followed by staining with Coomassie stain. 
This shows adequate visualisation of protein bands in each group.  

 

4.3.2 Intermediate filament proteins show different levels of expression 
in health and in disease states (figure 4.2 a and b) 

Keratin 8 levels are reduced in patients with quiescent recent onset UC 

(ROUC) compared to controls. Similar changes are also noted in the DT 

group. In ROUC, K19 and more markedly, VIM levels are reduced. In 

comparison to controls, VIM levels were however increased in LSPC, PSC, 

DR and DT. In the acutely inflamed mucosa (ACT), there was similar to 

iTRAQ results, a reduction in K8, K18 and K19 levels in the inflamed mucosa 

compared to controls and the proximal healthy mucosa (figure 4.2 b).  
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Figure 4.2. Results of western immunoblotting with antibody to K8, K18, K19 and 
vimentin. The extracted cytoskeletal fraction from recruited patients was dissolved in GuHCl 
followed by removal of solvent, gel electrophoresis on SDS-PAGE gels, western transfer and 
immunoprobing using the following antibodies- mouse monoclonal antibody to K8, K18, K19 
and VIM. Panel (a) shows results of WB in LSPC, ROUC, PSC and in patients with dysplasia 
(DT and DR) and Panel (b) shows WB results in patients with active distal disease compared 
to controls and proximal inactive mucosa. 5µG protein was loaded onto each lane. Multiple 
isoforms of K8 are noted in all the patient groups including healthy controls with lower levels 
and low molecular weight forms predominating in ROUC and DT. K8 levels are reduced in 
ROUC and in DT. In acute inflammation there is a reduction in total insoluble IF protein levels 
compared to CON and INACT, with K8 being predominantly in the lower molecular weight 
forms (37kDa) in inflamed tissue. K18, K19 and VIM are also reduced in acutely inflamed 
mucosa 
 

(a)                  

 

(b)                 
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 4.3.3 Keratin 8 exists in multiple isoforms in controls as well as patients 
with UC 

In all groups K8 was noted to be present in multiple isoforms corresponding to 

several discrete bands on WB (figure 4.3). These bands were noted between 

the molecular weights 37-50 kDa. This could indicate post-translational 

modifications in K8, including in normal healthy colonic mucosa. In contrast to 

controls, the isoforms in LSPC were evident at higher molecular weights 

whereas in PSC and DR they tended to predominate at lower molecular 

weights. In DT and ROUC, there was overall reduction in K8 level, which too 

was predominant in lower MW forms. In ACT the expressed K8 again was 

present in lower MWs. 

 

Figure 4.3 Western immunoblotting using K8 antibody demonstrating multiple 
isoforms of K8, including in control patients. The extracted cytoskeletal fraction from 
recruited patients was dissolved in GuHCl followed by removal of solvent, gel electrophoresis 
on SDS-PAGE gels, western transfer and immunoprobing using the following antibodies- 
mouse monoclonal antibody to K8. 5µG protein was loaded onto each lane.  Isoforms in 
LSPC are predominant in higher molecular weight.  
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4.3.4 Post-translational modification in Keratin 8 (phosphorylation and 
acetylation) occurs in colonic mucosa  

In order to investigate origins of the K8 isoforms, we undertook further WB to 

identify common PTMs in K8 in the form of phosphorylation at pS23, pS431 

and pS73 as well as acetylation at lys10 and lys482 respectively. 

4.3.4.1 Phosphorylation in Keratin 8 occurs in healthy colonic mucosa 
as well in mucosa of patients with ulcerative colitis 

We investigated changes in K8 phosphorylation at three common 

phosphorylation sites, Ser 23, Ser 73 and Ser 431. The results are shown in 

figure 4.4 (a & b). Intense phosphorylation at Ser73 was noted at 37kDa in 

healthy controls, similar phosphorylation in controls at lower molecular weight 

(37kDa) was noted at Ser 431, while diffuse phosphorylation was noted at K8 

Ser 23. These changes demonstrate physiological phosphorylation of K8 at 

multiple sites in the keratin molecule in healthy mucosa.  

In contrast to intense phosphorylation in K8 Ser 73 in controls, other patient 

groups also showed altered phosphorylation. LSPC patients showed 

phosphorylated K8 at higher molecular weights (predominantly with pS431 

and pS23). With pS431 there were multiple phosphorylated isoforms of K8 in 

LSPC. Scant phosphorylation in keeping with reduced total K8 levels was 

noted in ROUC. PSC and DR showed lower levels of total phosphorylation 

and lower molecular weight forms with pS431. In DT there was absence of 

phosphorylation at S23, similar to S73. 

Active inflammation results in scant or absent phosphorylation at all three 

phosphorylation sites (figure 4.4 b) suggesting potential dephosphorylation of 

keratin 8 molecule in presence of inflammation. 
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Figure 4.4 Western immunoblotting using antibodies to phosphorylated K8. The 
extracted cytoskeletal fraction from recruited patients was resolved by gel electrophoresis on 
SDS-PAGE gels, followed by western transfer and immunoprobing using the following 
antibodies to phosphorylated K8- K8-pS23, K8-pS73 and K8-pS431. Panel (a) shows results 
of WB in LSPC, ROUC, PSC and in patients with dysplasia (DT and DR) and Panel (b) shows 
WB results in patients with active distal disease compared to controls and proximal inactive 
mucosa. 5µG protein was loaded onto each lane. Panel a shows intense phosphorylation in 
healthy control mucosa at lower molecular weight (predominantly at a single band around 
37kDa) with K8-pS73 and K8-pS431. Phospho Ser 23 antibody cross-reacts with a more 
diverse set of molecular weights. Phosphorylated K8 is reduced in ROUC and DT (Panel A) 
and in acute inflammation (Panel B).   

(a) 

 

 

(b) 
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4.3.4.2 Acetylation of K8 is noted only in LSPC 

Acetylation has previously been demonstrated as an important post-

translational modification of K8 (section 1.4.2, page 47). We undertook WB 

using anti acetyl lysine antibodies to lys10 and lys 482 of K10. Although there 

was no evidence of acetylation at K482, LSPC patients only demonstrated the 

PTM when probed with K10 antibody (figure 4.5). 

Figure 4.5. Western immunoblotting demonstrating acetylation of K8. The extracted 
cytoskeletal fraction from recruited patients was resolved by gel electrophoresis on SDS-
PAGE gels, followed by western transfer and immunoprobing using the following antibodies to 
acetylated K8- K8-acetyl K10 and K8-acetyl K482. Acetylated K8 cross reacting to - K8-acetyl 
K10 is noted in LSPC group only. 5µG protein was loaded onto each lane. 

 

 

 

4.3.5. Densitometry analysis of keratin 8 phosphorylation in comparison 
to total K8 levels identifies distinct phenotypic patterns. 
 
Densitometry was undertaken for imaging the membranes in order to obtain a 

quantitative assessment of changes in relative phosphorylation (Figures 4.6-

4.9). Individual bands of interest were selected manually with Chemigenius 

Bio-Imaging System and their pixel densities obtained from the imaging 

software (Gene Tools).  

K8 phosphorylation is reduced or absent in ROUC. Diminished 

phosphorylation levels are also noted in PSC, DR and DT compared to LSPC. 

In general, phosphorylated K8 is reduced or absent (K8pS23) in presence of 
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acute inflammation. The relative phosphorylation at sites S431, S23 and S73 

in INACT, ACT and control tissues was also evaluated by western immunoblot 

and relative densitometry was done to a control loading of MCF-7 IF extract. 

The data suggests a progressive dephosphorylation of K8 in association with 

inflammatory status. K8pS23 levels relative to total K8 are comparable in 

CON and LSPC while a reduced ratio is seen in ROUC & DT. 
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Figure 4.6 Densitometry analysis comparing phosphorylated K8 (pS23) to total K8. The 
extracted cytoskeletal fraction from recruited patients (in pooled groups) was resolved by gel 
electrophoresis on SDS-PAGE gels, followed by western transfer and immunoprobing using 
the following antibody to phosphorylated K8- K8-pS23. 5µG protein was loaded onto each 
lane. Densitometric analysis of the band intensity was undertaken. Panel (a and c) shows 
results of WB and densitometry ratios in LSPC, ROUC, PSC and in patients with dysplasia 
(DT and DR) and Panel (b and d) shows WB results and densitometry results in patients with 
active distal disease compared to controls and proximal inactive mucosa. Similar changes in 
the ratio are noted in LSPC and controls with reduced ratios in ACT, ROUC and DT. 
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Figure 4.7 Densitometry analysis comparing phosphorylated K8(pS73) to total K8. The 
extracted cytoskeletal fraction from recruited patients (in pooled groups) was resolved by gel 
electrophoresis on SDS-PAGE gels, followed by western transfer and immunoprobing using 
the following antibody to phosphorylated K8- K8-pS73. 5µG protein was loaded onto each 
lane. Densitometric analysis of the band intensity was undertaken. Panel (a and c) shows 
results of WB and densitometry ratios in LSPC, ROUC, PSC and in patients with dysplasia 
(DT and DR) and Panel (b and d) shows WB results and densitometry results in patients with 
active distal disease compared to controls and proximal inactive mucosa.  
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Figure 4.8 Densitometry analysis comparing phosphorylated K8 (pS431) to total K8. The 
extracted cytoskeletal fraction from recruited patients (in pooled groups) was resolved by gel 
electrophoresis on SDS-PAGE gels, followed by western transfer and immunoprobing using 
the following antibody to phosphorylated K8- K8-pS431. 5µG protein was loaded onto each 
lane. Densitometric analysis of the band intensity was undertaken. Panel (a and c) shows 
results of WB and densitometry ratios in LSPC, ROUC, PSC and in patients with dysplasia 
(DT and DR) and Panel (b and d) shows WB results and densitometry results in patients with 
active distal disease compared to controls and proximal inactive mucosa.  
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4.3.6. Mucosal vimentin levels are altered in UC  

A densitometry analysis for regions quantified (figure 4.9a) of VIM and K8 

immunoblots was undertaken. The ratio of VIM to K8 (figure 4.9b) was 

reduced in ROUC, in comparison to controls. There is however a progressive 

increase in VIM/K8 ratios from LSPC to PSC with markedly increased ratios 

noted in DT and DR compared to LSPC or ROUC (figure 4.9b). This 

increased ratio of K8:VIM in high risk phenotypes suggest a possible role of 

mucosal VIM:K8 ratio in identifying patients at risk of colitis associated cancer. 

In the acutely inflamed mucosa (figure 4.9 c & d) there is a reduction in both 

VIM as well as total K8 levels; the VIM:K8 ratio is thus markedly low in acute 

inflammation.  A relative increase (in comparison to controls) in total K8 is 

seen in the un-inflamed mucosa. This is reflected in an increased VIM:K8 ratio 

in the healthy controls relative to un-inflamed proximal mucosa;  
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Figure 4.9 Densitometry analysis of K8 and VIM in different patient groups with ratio of VIM 
relative to total K8 in colonic mucosa. The extracted cytoskeletal fraction from recruited 
patients  (in pooled groups) was resolved by gel electrophoresis on SDS-PAGE gels, followed 
by western transfer and immunoprobing using the antibodies to K8 and vimentin. 5µG protein 
was loaded onto each lane. Densitometric analysis of the band intensity was 
undertaken(Panel a&c). There is a progressive increase in VIM:K8 ratio in phenotypes 
associated with increased risk of CRC and in patients with dysplasia(Panel c). 
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4.4 Conclusion 

In this study, using WB we have validated the results of iTRAQ analysis. We 

have demonstrated increased levels of IFs in LSPC, and also a reduction in 

K8, K18 and K19 levels in the inflamed mucosa compared to controls (and 

proximal healthy colonic mucosa). In addition, we have identified changes in 

K8 expression including the presence of K8 in multiple isoforms 

corresponding to discrete bands on WB. This has been noted in diseased as 

well as in healthy mucosa, although the pattern of distribution (between 37-

50kDa) has varied in diseased states.   

In the actively inflamed mucosa, there is reduced expression of total K8 and 

also absent or reduced phosphorylation of K8. Similar changes have also 

been noted in noted in ROUC and DT. This is particularly noted with 

phosphorylated K8 at pS23. There is intense phosphorylation in controls and 

in LSPC. Although LSPC is believed to be an important factor contributing to 

the pathogenesis of CAC, it is likely that elevated total K8 and K8-pS23 levels 

might have a protective role. Dephosphorylation of K8 is now known to be 

associated with CRC progression [139]. Recurrent inflammation and on-going 

active inflammation is also an important risk factor for development of CAC 

[47] [48]. Recurrent bouts of inflammation and failure of recovery of 

phosphorylated K8 could be a contributing factor in the pathogenesis of CAC.  

Vimentin is a type III IF proteins expressed in mesenchymal cells such as 

fibroblasts, endothelial cells and hematopoietic cells [201, 202]. It is 

considered as a marker of epithelial-mesenchymal transformation (EMT), a 

biological process whereby epithelial cells show features of mesenchymal 

cells [209-211]. One of the features of EMT is the association with more 

aggressive disease phenotype in cancers including in tumour invasion and 

metastasis [212]. Investigation of murine (CT26) and rat (IEC-6) intestinal 

cancer cell line has shown high vimentin protein expression with negligible 

K8/K18 levels [213]. Higher levels of vimentin have also been noted in 

longstanding UC associated with up-regulation of other tissue fibrosis markers 

[214]. 
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In comparison to controls, VIM levels are increased in higher risk groups, 

LSPC, PSC, DR and DT. VIM levels are reduced in the acutely inflamed 

mucosa as well as in ROUC. More importantly on densitometry analysis of 

WB results, there is a progressive increase in VIM:K8 ratio in higher risk 

phenotypes. A relative overexpression of VIM in the colonic mucosa may thus 

be a potential factor in pathogenesis of CAC. In breast cancers, aggressive 

tumours (with high histological and nuclear grades) shows similar increase in 

vimentin levels with decrease in keratin levels [215]. There is also a potential 

role of VIM:K8 ratio as a mucosal biomarker for identifying individuals at a  

higher risk of colitis associated cancer. 
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CHAPTER 5 

DISCUSSION 
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5.1 Introduction 

Ulcerative colitis is a chronic inflammatory disease process characterised by 

in majority of patients, a chronic quiescent disease process often interspersed 

with episodes of acute inflammation [1]. It is associated with increased risk of 

colorectal cancer [18]. A variety of factors are associated with increased risk 

including prolonged duration of disease [22], extent of colitis [29, 30], 

presence of associated PSC [53] or family history of CRC [34]. One of the 

factors now considered to play a significant role in pathogenesis of colitis-

associated cancer is on-going active inflammation with both endoscopic and 

histological inflammation being important [47, 48]. In ulcerative colitis the 

phenotypic presentation can be varied (often with varying disease distribution) 

and with differing risk of cancer in individual phenotypes.  We investigated 

proteomic changes in insoluble intermediate filaments in colonic mucosa for 

the following reasons: 

I. Varying phenotypic presentation of patients with differing cancer risk 

II. Suitability of categorising patients into phenotypic groups 

III. Early dysplastic changes are limited to the mucosa, and blood and 

other non-invasive tests poorly reflect mucosal changes. Hence 

investigating molecular changes in UC patient subsets might provide 

greater insights into the pathogenesis of disease progression including 

development of CAC. 

IV. The mucosal changes of inflammation tend to be continuous reducing 

the chances of sampling error at endoscopy 

V. Inflammation in a subset of patients with distal disease tends to show a 

distinct demarcation between the inflamed and non-inflamed segment. 

This allows direct comparison in the same group of patients. 

VI.  Patients with dysplasia often tend to have pan-colonic genomic 

changes also known as field changes [21] 

Current strategies of surveillance in patients with long standing colitis include 

regular surveillance colonoscopies along with random (non-targeted) biopsies 

in order to identify dysplasia and early cancers. This technique is insensitive 
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due to the random nature of the biopsies and is fraught with the risk of 

missing malignant or pre-malignant changes [62, 65]. As a result, the focus of 

management of these patients should be towards development of mucosal 

biomarkers, which can act as a surrogate marker of dysplasia or cancer in 

colonic biopsies. As genomic field defects occur throughout the colonic 

mucosa in patients with dysplasia [70, 71], a pan-colonic biomarker could 

potentially avoid the pitfalls of errors associated with sampling the mucosa 

with random biopsies. 

The importance of intermediate filament protein K8 in gastrointestinal function 

was demonstrated in K8 knockout mice has shown high rates of GI epithelial 

inflammation and hyperplasia [173]. In humans, heritable predispositions to 

ulcerative colitis (UC) have been mapped to the KRT8/18 loci. In vitro 

reconstitution of these mutations (KRT8: G62C, I63V, K464N; KRT18: S230T) 

reduced their ability to polymerise correctly [180]. In addition to playing a role 

in UC, derangements of keratins have been noted in morphologically normal 

fields around colorectal adenoma [206]. 

In view of the evidence implicating inflammation and cancer in colitis, and 

potential association of keratins in pathogenesis of IBD [174, 180], we 

investigated mucosal proteomic changes in insoluble intermediate filaments in 

well-characterised group of UC patients with varying cancer risk.  

Quantification of protein (quantitative proteomics) is an important goal of 

proteomic experiments [78]. Currently there are two main techniques of 

relative quantification used in MS-based proteomics analyses. These include 

label-based and label-free approaches [78, 216]. In the former, quantification 

is done by introducing stable isotopes. Such labeling of peptides or proteins 

with isotopes (isotope incorporation) includes metabolic labeling [stable 

isotope labeling of amino acids in cell culture, (SILAC)], chemical labeling 

[isotope-coded affinity tag (ICAT), isobaric tag for relative and absolute 

quantification (ITRAQ)] or enzymatic labeling [216, 217].  

Both, labeled and label-free quantification have been widely applied in 

proteomic research. Labeling techniques allows simultaneous analyses of 
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multiple samples in a single MS run (multiplexing) reducing variability in 

analyses. This is particularly relevant with iTRAQ labeling, where up to eight 

samples can be analysed simultaneously in a single experiment. Due to the 

isobaric nature of label, labeled peptides appear as a single peak in the full 

MS scan. Upon peptide fragmentation at MS/MS, the isotope-containing 

reporter ions are released and distinguished according to their masses based 

on the label composition [217]. On the other hand, in the label-free approach 

quantification is done based on spectral counting and intensity-based 

measurements [216]. 

Several studies have compared label-free and iTRAQ approaches [218-221]. 

The label free approach provides both a higher number and a higher 

percentage of differentially abundant proteins with a higher protein sequence 

coverage. Nevertheless, iTRAQ labeling as a quantification strategy for 

shotgun proteomics has an inherent advantages of multiplexing. This can 

potentially reduce MS analytical time and the total cost of the experiments 

compared to the label free techniques. Since all the samples are analysed 

simultaneously in a single MS run, inter-run variations in protein identification 

and quantification is avoided [216]. Studies have also shown that with pre-

fractionation, an improved identification rate can also be achieved, with results 

similar to that obtained with label free techniques [216]. However relative 

quantification by iTRAQ can lead to under-estimation for a number of 

technical reasons that result in ratio compression [222-224]. Nevertheless the 

direction of fold change ie increase or decrease is correct and iTRAQ (and 

other isobaric tags) remains popular as a discovery tool for clinical proteomics 

[225].  

In this study we undertook an iTRAQ-based approach in view of the pooled 

samples categorised into 8 groups, which enabled direct comparison between 

groups and hence reducing inter run variations. Additionally, multiplexing 

enabled the comparisons in a cost effective and timely fashion. As we also 

used a pre-fractionation step to isolate the insoluble intermediate filament 

proteins, we were able to offset the disadvantage of protein sequence 

coverage. 
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5.2 Developing a technique for intermediate filament isolation from 
biopsies and parallel analysis of IF proteins by western blotting and 
mass spectrometry 

Intermediate filament proteins mostly exist in epithelial cells in an insoluble 

filamentous form; only 5% of it is usually soluble [127]. Previous studies have 

described extraction and solubilisation of keratins from cell line material with 

sequential use of high and low detergent buffers [94, 97, 99]. As biological 

samples tend to be complex, and the size of colorectal biopsies are very 

small, we modified the cell line technique and adapted them for colorectal 

biopsies. 

In this study we aimed to develop a technique for solubilisation of insoluble 

intermediate filament proteins obtained from colorectal biopsies to enable 

parallel assessment by western immunoblotting and quantitative proteomics. 

This involved adapting IF protein extraction techniques used for breast cancer 

cell lines (MCF-7) to colonic biopsies. IF isolation from cell lines was 

undertaken using a ‘high salt extraction technique’ which has been previously 

described by Achtstaetter et al. and subsequently modified by Hermann et al 

[117, 195]. The ‘high-salt extraction’ technique was then modified for use on 

colorectal biopsies.  

We then had to ensure adequate solubilisation of the IFs to allow further 

analyses. An important characteristic, which distinguishes IFs including 

keratins from other cytoskeletal filament proteins such as actin, myosin, and 

tubulin, is their resistance to buffers having non-denaturing detergents and 

high concentrations of ions [116-118]. High concentrations of urea (9-10 M) or 

guanidine hydrochloride (GuHCl)(4-6 M) can enable solubilisation IFs  [115, 

117]. Although the latter is of particular value due to compatibility with 

downstream mass spectrometry based analyses [192-194], its use in WB is 

affected due to formation of precipitates with SDS [192]. On the other hand 

heating can result in decomposition of urea to isocyanic acid and carbamylate 

free amines. Carbamylation blocks trypsin digestion sites and also result in 

peptide modifications indistinguishable from the naturally occurring PTMs  

[191]. This can affect subsequent analyses for PTMs in IF proteins.  
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We developed and validated a technique for isolation of IFs and effective 

solubilisation in GuHCl. This enabled assay of IF proteins by mass 

spectrometry. We adapted a technique for removal of GuHCl from dissolved 

samples to enable gel electrophoresis. This modified protocol thus enabled 

parallel analysis of IFs using both gel electrophoresis and ‘shotgun 

proteomics’ approach of mass spectrometry while ensuring preservation of 

PTMs. 

5.3 Implication of altered keratin levels in the mucosa: an apparent 
failure of restoration of keratins could predispose to pathogenesis of 
colitis-associated cancer 

Acute inflammation in colonic mucosa has been shown to reduce the levels of 

mucosal K8 in comparison to controls and proximal un-inflamed mucosa. 

Similar changes are also noted in ROUC, recently diagnosed patients with 

(endoscopically and histologically) quiescent disease and with recent 

evidence of active mucosal inflammation. The dysplastic tissue has also 

shown a similar pattern of changes. On the other hand, quiescent long-

standing disease is associated with an elevated level of mucosal K8.  

Keratins are dynamic and are involved in regulating various inflammatory 

pathways. They may have a role in cell-death signalling pathways, in 

particular apoptosis mediated by tumour necrosis factor-alpha (TNF-α) and 

Fas [157]. Epithelial cells lacking K8 and K18 are significantly more sensitive 

to TNF-mediated apoptosis [158]. The reduced levels in acute inflammation 

and low levels in ROUC and DT could signify an apparent failure of 

restoration of keratins in the mucosa following acute inflammation, despite 

macroscopic mucosal healing. We hypothesise that in recurrent bouts of 

inflammation and consequent failure of restoration of keratin levels in the 

mucosa could be a predisposing factor to CAC development. On the other 

hand quiescent LSPC with restored keratin levels may be at a less risk of 

CAC.  Previous studies have also shown persistent cellular and molecular 

damage with activated kinase and transcription factor involving signaling 

pathways in the colon, despite apparent microscopic healing [226]. A 

proposed pathway of pathogenesis of CAC is shown in figure 5.1. 
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Phosphorylation of K8 is an important PTM, which affects its solubility and 

function [127, 227]. Dephosphorylation of K8 has been previously been shown 

to be associated with CRC progression [139]. K8 is a substrate of 

phosphatase of regenerating liver-3 (PRL-3); the later plays a role in cancer 

migration. Dephosphorylation of K8 associated is associated with high PRL-3 

expression in aggressive tumours and thus contributes to colorectal cancer 

progression 

In our study, there is evidence of absent or reduced phosphorylation in 

acutely inflamed mucosa. Similar changes are once again noted in ROUC and 

DT. This is particularly noted with phosphorylated K8 at pS23. There is 

intense phosphorylation in controls and in LSPC. These changes suggest a 

possible protective role of physiological phosphorylation of K8 at Ser 23. 

Although LSPC is believed to be an important factor contributing to the 

pathogenesis of CAC, it is likely that elevated total K8 and K8-pS23 levels 

could be protective and primarily patients with recurrent bouts of inflammation 

and failure of recovery of phosphorylated K8 are more prone to CAC. Acute 

inflammation, and particularly recurrent mucosal inflammation could be 

associated with loss of such phosphorylation.  

5.4 Altered vimentin to keratin ratio: a marker of aggressive disease? 

Vimentin is a type III intermediate filament protein of mesenchymal origin 

[208]. The role of VIM in the pathogenesis of various diseases has emerged 

[228]. In particular this is now considered a marker of epithelial-mesenchymal 

transformation associated with more aggressive disease phenotype in 

cancers particularly colorectal cancers [204]. Higher VIM expression has been 

shown in sera of patients with colorectal cancer [229]. In our study VIM levels 

are reduced in the acutely inflamed mucosa as well as in ROUC. More 

importantly on densitometry analysis of WB results, there is a progressive 

increase in VIM:K8 ratio with more aggressive phenotype. These results 

suggest that relative overexpression of VIM in the colonic mucosa may be an 

important factor in pathogenesis of CAC (figure 5.1). 
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Figure 5.1 Proposed pathway of pathogenesis of colorectal cancer in ulcerative colitis. 
This demonstrates two pathways, the less aggressive quiescent disease being associated 
with restored keratin levels, which confer mucosal protection.  On the other hand the 
aggressive phenotype is associated with recurrent bouts of inflammation, associated 
inadequate restoration of keratin levels, keratin dephosphorylation and relative excess of 
vimentin (relative to keratin). 
  

  
 
 
 
5.5 Conclusion 

This is a prospective cross sectional study in which we recruited a large 

number of UC patients who were then categorised based on their phenotypic 

characteristics. We then carefully preselected patients into further groups 

(based on phenotypic features) to enable comparison using proteomic 

studies.  This is the only quantitative proteomic study described in literature 

which has investigated changes in insoluble IF levels in the mucosa in 

patients with UC. Although previous studies have focussed on the soluble 

fraction of proteins, we undertook subcellular fractionation of the relatively 

insoluble fraction since this constitutes the bulk of the cellular keratin pool. In 

order to analyse (by quantitative proteomics and western blotting) such 

insoluble proteins from colorectal biopsies, we modified an extraction 

technique previously described in cell lines. We then validated a method for 
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solubilising the proteins to enable parallel analyses by quantitative proteomic 

techniques and western immunoblotting.  

Our results identified characteristics which were unique to each group, in 

particular changes in total K8, vimentin and phosphorylated K8 which could 

not only be useful as biomarkers of phenotypic states, but also could provide 

insight into the the pathogenesis of CAC. We hypothesised that recurrent 

acute inflammation by reducing keratin 8 (and phosphorylated K8) levels in 

the mucosa, affects overall mucosal IF protein integrity. These changes in K8 

lag behind apparent clinical, microscopic and endoscopic recovery (as noted 

in ROUC group). Recurrent inflammation with the consequent failure of 

restoration of K8 to normal healthy state might be an important step in 

pathogenesis of CAC. In addition, the role of vimentin is also important. 

Vimentin has been described as a marker of epithelial-mesenchymal 

transformation; higher levels have also been noted in patients with CRC. 

Hence the altered VIM:K8 ratio noted in our study could suggest a potential 

role of its use as a mucosal marker of more aggressive disease.  

We would however like to also point out that despite the significant results, 

there are certain limitations of this project. This is a cross sectional pooled 

study. Although inflammation related decrease in keratin levels, and a failure 

to restore mucosal keratin levels in quiescent recent onset disease, has been 

shown in this study, the long term effects of such changes are unknown. As 

dysplastic and neoplastic changes in the mucosa often develop in 

longstanding disease,  it will require prospective studies following up mucosal 

proteomic changes over a longer period of time.  

Pooling of samples was undertaken in order to obtain information about lead 

biomarkers in the 8 groups identified. Although, this suffers from a 

disadvantage of loss of information due to biological variation, we aimed to 

identify biomarkers (and subsequently validate the results) in a cost and time 

effective manner. These results have since been orthogonally validated in 

pooled groups in this study and subsequently as individual patients by both 

western/dot blotting and immunohistochemistry (Assadsangabi A et al, BSG 

2015; Marsh A et al. BMedSci project). Additionally, we have tried to minimise 
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clinical heterogeneity by pre-screening to ensure that homogenous clinical 

groups were selected.  

The numbers of patients in certain groups in this study, particularly in the 

dysplastic groups and PSC groups are small. This could have impacted the 

overall results in these groups by providing false positive results due to 

heterogeneity in clinical samples. Nevertheless, the information obtained from 

the proteomic analysis of these groups do provide information about trend in 

the biomarker levels. These undoubtedly need to be investigated further by 

prospective studies involving larger patient numbers.  
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Appendix 1 
Extraction of intermediate filaments from colorectal biopsies and 
optimisation of lysis strategies for protein recovery from colonic biopsies 
[230]  

Four different lysis strategies were compared to optimise global protein recovery 

from colonic pinch biopsies: 1. freeze-thaw, 2. mechanical homogenisation, 3. 

probe sonication (combined with freeze-thaw and homogenisation) and 4. 

homogenisation using the Precellys® platform (Bertin Technologies, Villeurbanne, 

France).Variations in cycles for homogenisation were tested. Individual frozen 

colonic biopsies were weighed; following lysis using each technique the 

recovered protein was assayed by Bradford assay (using Bio-Rad protein assay, 

Hemel Hempsted UK) and the percentage protein recovered (per biopsy) to 

biopsy weight was used as the endpoint. Since it is not possible to estimate the 

total amount of protein in a tissue prior to solubilisation, an indirect measure has 

to be used to determine the yield of extracted proteins. This has been undertaken 

by measuring percentage solubilisation of total wet weight of the tissue. 
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Consent form 
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Appendix 3 Participant information sheet (Control patient) 
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Appendix 4 Participant information sheet  
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Appendix 5 Letter to patient’s GP  
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