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1. Scientific Summary 

Background & Aims: Accurate differentiation between benign and malignant causes of biliary 

obstruction remains challenging and reliable biomarkers are urgently needed. Bile, urine and serum are 

potential sources of such biomarkers. Our aim was to apply a proteomic approach to identify a potential 

biomarker in bile that differentiates between malignant and benign disease, and to assess its diagnostic 

accuracy. Neutrophil gelatinase-associated lipocalin (NGAL) is multi-functional protein, released from 

activated neutrophils, with roles in inflammation, immune function and carcinogenesis. It has not 

previously been described in bile. 

Methods: Bile, urine and serum were collected prospectively from 38 patients undergoing ERCP 

(“discovery” cohort); 22 had benign and 16 had malignant pancreatobiliary disease. Initially, label-free 

proteomics and immunoblotting were performed in samples from a subset of these patients. ELISA was 

then performed for NGAL as a potential biomarker on all samples in this cohort. The diagnostic 

performance of biliary NGAL was then validated in a second, independent group (“validation” cohort) 

of 21 patients with pancreatobiliary disease (benign n=17, malignant n=7). 

Results: NGAL levels were significantly raised in bile from the malignant disease group, compared to 

bile from the benign disease group in the discovery cohort (median 1556 ng/ml vs. 480 ng/ml, 

p=0.007). Biliary NGAL levels had a ROC-AUC of 0.76, sensitivity 94%, specificity 55%, positive 

predictive value 60%, and negative predictive value 92.3% for distinguishing malignant from benign 

causes. Biliary NGAL was independent of serum biochemistry and CA 19-9 in differentiating between 

underlying benign and malignant disease. No significant differences in serum and urine NGAL levels 

were found between benign and malignant disease. Combining biliary NGAL and serum CA 19-9 

improved diagnostic accuracy for malignancy (sensitivity 85%, specificity 82%, positive predictive 

value 79%, negative predictive value 87%). The diagnostic accuracy of biliary NGAL was confirmed in 

the second independent validation cohort. 

Conclusions: NGAL in bile is a novel potential biomarker to help distinguish benign from malignant 

biliary obstruction.  

Other Ongoing Work in Relation to Grant (near completion): SELDI-TOF mass spectroscopy for the 

detection of biomarkers in malignant biliary disease. 

In addition to the above studies, we have recently completed the SELDI-TOF mass spectroscopy 

analysis of serum samples in cholangiocarcinoma, primary sclerosing cholangitis and healthy controls. 

Please see the report of this in Year 3/SELDI-TOF Analysis, below. 

 

In Year 1: 

In our initial study, we collected blood, bile and urine from patients with biliary obstruction. Due to a 

relatively small number of samples at this stage, instead of SELDI we used a technique called label free 

proteomics in a small sample from these patients to fully characterise the protein differences between 

benign and malignant causes of biliary obstruction. We found a protein called Neutrophil Gelatinase-

associated Lipocalin (NGAL) accurately differentiated between groups and we went on to confirm this 

using NGAL-specific tests in the larger cohort of all patients. Although NGAL levels in blood and 

urine did not differentiate between cancer and non-cancer cases, we found that NGAL levels in bile 
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were potentially good at differentitaing malignant cases from benign. This work was presented at the 

British Society of Gastroenterology Annual Scientific meeting (as a poster) in March 2010.  

 

In Year 2: 

We confirmed our original finding in a second group of patients. Following this validation, our work 

was selected for oral presentation at both the International United European Gastroenterology Week 

(UEGW) meeting in Barcelona, Spain, in October 2010, and the British Society of Gastroenterology 

Annual Scientific meeting in March 2011 (Birmingham, UK). 

 

In Year 3: 

Our work on biomarkers was published in a leading international journal, reference as follows: 

Zabron A, Horneffer-van der Sluis V, Wadsworth CA, Laird F, Gierula M, Thillainayagam AV, 

Vlavianos P, Westaby D, Taylor-Robinson SD, Edwards RJ, and Khan SA. Elevated Levels of 

Neutrophil Gelatinase-Associated Lipocalin in Bile from Patients with Malignant Pancreatobiliary 

Disease. American Journal of Gastroenterology 2011. Sep;106(9):1711-7.  

 

In addition, in year 3 we have completed the SELDI-TOF mass spectroscopy analysis of serum 

samples in cholangiocarcinoma, primary sclerosing cholangitis and healthy controls. The preliminary 

results are below. This work is currently undergoing final data analysis and will be subsequently 

prepared as a manuscript for submission for publication. The scientific report follows: 

 

SELDI-TOF Analysis 

We have analysed 276 human serum samples: 99 cholangiocarcinoma (CC), 64 primary sclerosing 

cholangitis (PSC), 6 CC and PSC, and 107 healthy control samples by SELDI-TOF. The demographic data 

are given in Table 1. Two SELDI conditions were applied: firstly, a hydrophobic interaction (H50 Protein 

Chips) with 10% acetonitrile in the binding buffer. Secondly, a weak cation exchange condition on 

carboxymethyl (CM10) Protein Chips with a binding buffer with pH8. Statistical analysis revealed that 6 

peaks discriminated between CC, PSC and healthy control. Five peaks were observed using H50 Protein 

Chips and one peak using CM10 Protein Chips. The differentiating performance of each peak is given in 

Table 2. Figure 1 shows spectra from individual samples as illustration. We are now purifying the 

significant biomarkers for further analysis by MALDI-MS/MS de novo sequencing and SDS-PAGE 

protein identification. Figure 2 shows spectra of samples purified by hydrophobic interaction. The samples 

were analysed by a MALDI measurement using the SELDI Protein Chip Reader instrument. Further 

improvement can be expected using a high performance MALDI-MS/MS instrument. This will lead to 

identification of the proteins behind the biomarkers. Based on this, an assay based validation will be made 

available. The early results are suggestive of potential discriminatory proteins in this disease process. 

 

Table 1: Demographic data of cohorts 

Diagnosis Number F/M Age ± STD 

CC 99 41/58 65 ± 11 

CC & PSC 6 2/4 53 ± 20 

PSC 64 14/50 41 ± 14 

Healthy 

control 

107 50/57 46 ± 17 

 

Table 2: Peak performance  

Peak m/z 4291 4630 5765 8572 8699 11526 

Protein Chip H50 CM10 H50 H50 H50 H50 

Mean CC 17.15 2.273 3.032 22.08 35.97 0.8497 

Mean PSC 17.62 0.8992 1.731 25.31 42.36 0.2516 

Mean HC 25.49 0.7499 1.923 35.91 48.57 0.1466 

p-value CC/PSC 0.5936 <0.0001 0.0102 0.0696 0.0203 <0.0001 

p-value CC/HC <0.0001 <0.0001 0.0696 <0.0001 <0.0001 <0.0001 

AUC-ROC 

CC/PSC 

n.a. 0.7459 0.6305 n.a. 0.6179 0.7231 

AUC-ROC CC/HC 0.7513 0.8106 n.a. 0.8195 0.7424 0.8242 
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Figure 1: Spectra of an individual sample from each group for illustration. A) Hydrophobic interaction on 

H50 Protein Chips with 10% acetonitrile in binding buffer, B) weak cation interaction on CM10 Protein 

Chips with binding buffer at pH8. 

 

A)         B) 

 

 Figure 2: MALDI spectra of purified samples obtained by SELDI Protein Chip Reader instrument. 
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2.  Publications and other outputs acknowledging support from the British Liver Trust 

(Authors directly benefiting from British Liver Trust funding are underlined) 

1. Zabron A, Horneffer-van der Sluis V, Wadsworth CA, Laird F, Gierula M, Thillainayagam AV, 

Vlavianos P, Westaby D, Taylor-Robinson SD, Edwards RJ, and Khan SA. Elevated Levels of 

Neutrophil Gelatinase-Associated Lipocalin in Bile from Patients with Malignant Pancreatobiliary 

Disease. Am J Gastroenterol 2011; doi: 10.1038/ajg.2011.187. [Epub ahead of print] 

2. Wadsworth CA, Dixon PH, Wong JH, Chapman MH, McKay SC, Sharif A, Spalding DR, Pereira SP, 

Thomas HC, Taylor-Robinson SD, John Whittaker, Williamson C and Khan SA. Genetic Factors in the 

Pathogenesis of Cholangiocarcinoma. Dig Dis 2011;29(1):93-7. 

3. AbdAlla MS,
 

Taylor-Robinson SD,
 

Sharif AW, Williams HT, Crossey MME, Badra GA, 

Thillainayagam AV, Bansi D, Thomas HC, Waked IA and Khan SA. Differences in 

phosphatidylcholine and bile acids in bile from Egyptian and UK patients with and without 

cholangiocarcinoma. HPB 2011;13(6):385-90. 

4. Shariff MIF, Gomaa A, Cox IJ, Patel M, Williams HT, Crossey MME, Thillainayagam AV, Thomas 

HC; Waked IA, Khan SA, Taylor-Robinson SD. Urinary Metabolic Biomarkers of Hepatocellular 

Carcinoma in an Egyptian Population – A Validation Study. J Proteom Res. 2011;10(4):1828-36.  

5. Patel M, Shariff MIF, Ladep NG, Thillainayagam AV, Thomas HC, Khan SA, Taylor-Robinson SD. 

Hepatocellular carcinoma : diagnostics and screening. J Eval Clin Pract 2010;doi: 10.1111/j.1365-

2753.2010.01599.x. [Epub ahead of print] 

6. Sharif AW, Williams HR, Lampejo T, Khan SA, Bansi DS, Westaby D, Thillainayagam AV, Thomas 

HC, Cox IJ, Taylor-Robinson SD. Metabolic profiling of bile in cholangiocarcinoma using in vitro 

magnetic resonance spectroscopy. HPB 2010; 12(6): 396-402. 

7. Shariff MI, Ladep N, Cox IJ, Williams H, Okeke E, Malu A, Thillainayagam A, Crossey M, Khan SA, 

Thomas HC, Taylor-Robinson SD. Characterisation of Urinary Biomarkers of Hepatocellular 

Carcinoma using Magnetic Resonance Spectroscopy in a Nigerian Population. J Proteom Res. 2010; 

9(2):1096-103. 

 

3.  New grants generated as a direct result of the British Liver Trust supported research 

1. Imperial College Healthcare Charity: £50,000 for a one-year research fellowship for Abigail Zabron. 

2. AMMF (Alan Morement Memorial Foundation): £42,000 for one year continuing work on 

cholangiocarcinoma biomarker profiling. 

 

4. Public dissemination of research with acknowledgement of British Liver Trust support 

(i) Presentations at national and international conferences: 

International United European Gastroenterology Week (UEGW) meeting in Barcelona, Spain, in 

October 2010, and the British Society of Gastroenterology Annual Scientific meeting in March 2011 

(Birmingham, UK). 

 

(ii) Media work: 

This work has led to my direct interaction with the cholangiocarcinoma charity AMMF and I am 

actively involved in contributing their website (www.ammf.org.uk).  

 

5. Impact of the research funded by the British Liver Trust on patient care 

Although it is still too early for our research to directly impact patient care, we are currently recruiting 

centres and applying for funding to validate out biomarkers in a large multi-centre clinical trial. If this 

proves our biomarker is accurate, it could have a major impact on facilitating diagnosis of malignant 

biliary strictures, enabling patients to receive appropriate therapies as early as possible. 

 

6. Career impact for scientists working on the British Liver Trust funded project 

(i) Dr Verena Horneffer-van der Sluis: this work has led to Dr Horneffer-van der Sluis having a (joint) 

first author major publication which has enabled her to boost her CV and allow her to apply for senior 

post-doctoral positions. 

 

(ii) Dr Christopher Wadsworth: this project has been a significant part of Dr Wadsworth’s PhD 

programme and will form a major chapter of his thesis. Obtaining his PhD will enable him to apply for 

Senior Lecturer/Consultant posts in a year’s time.  
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(iii) Dr Abigail Zabron: this project has formed the basis of new grant funding which will enable Dr 

Zabron to take two years out of her clinical training to further this research programme and take a 

position as a post-doc scientist. This will enable her to focus on further research output so she can, in 

time, apply for a Senior Lecturer/Consultant post. 

 

7. Lay Summary 
Cholangiocarcinoma (CC) is a liver cancer arising in the bile ducts, a system of tube-like structures in 

the liver which helps produce and carry bile from the liver to the gut to help digest food and excrete 

waste products. CC kills over 1000 people per year. Most patients present too late for surgery, the only 

known cure. Since 1968 there has been a 15-fold increase in death rates from CC in the UK. This is a 

worldwide trend across industrialised countries. CC is difficult to accurately diagnose, particularly on 

the background of chronic bile duct inflammation, due to a lack of sensitive and specific blood tests. 

Furthermore, radiological scans cannot accurately differentiate between benign from malignant disease 

of the bile ducts, or between CC and other types of liver or pancreatic tumours which can present 

exactly the same way. This differentiation is important as the treatment is very different depending on 

whether bile duct disease is benign or cancerous, and also depending on the exact type of cancer. 

Consequently, there is a need for accurate diagnostic biomarkers of cancer which affect the liver and 

biliary system. There has been recent interest in measuring variations in the levels of different protein 

to distinguish various diseases. These studies, based on successful pilot data from our department, set 

out to analyse differences in the protein profiles from patients with non-cancerous bile duct disease, CC 

and other liver and pancreatic tumours, to find a biomarker which distinguishes between them. This 

study could lead to the discovery of new diagnostic markers for CC and other liver tumours, enabling 

patients to be accurately diagnosed and receive appropriate therapy at an early stage. This would be a 

major advance, in the UK and internationally, and could translate into improved patient survival. The 

British Liver Trust Award was granted to perform proteomic profiling for novel biomarkers in 

cholangiocarcinoma and other causes of malignant biliary disease. The grant was used for: 

1. Funding of Post-doctoral Research Fellow. 

2. Laboratory consumables. 

 

I am pleased to be able to report that we have been able to do more than was initially porposed in the 

original grant application, in that we have been able to analyse bile, urine and blood samples for 

potential new diagnostic biomarkers for malignant biliary disease. In our first report (October 2010), I 

reported that we found the level in bile of a protein called Neutrophil Gelatinase-associated Lipocalin 

(NGAL) was very good at diagnosing malignant cases from benign. This is important as patients with 

these conditions usually have obstruction to the flow of bile and undergo a procedure called endoscopic 

retrograde cholangiopancreatography (ERCP), to relieve the obstruction and to collect bile. Thus bile is 

usually readily available in these patients. There is little research to date on the potential of bile to 

provide new biomarkers to diagnose cancer, and it is an untapped source of potential new diagnostic 

markers. Subsequent to our first report, we went on to report that we confirmed our original finding in a 

second group of patients. Following this validation, our work was selected for oral presentation at the 

British Society of Gastroenterology Annual Scientific meeting in March 2011 (Birmingham, UK) and 

has just been selected for publication in the prestigious American Journal of Gastroenterology, one of 

the highest ranked journals in the field. In the last three months we have completed the proteomic 

analysis in blood samples. The preliminary results suggest several proteins which can potentially help 

diagnose biliary cancer. The next studies will use different techniques to fully identify these proteins. 

 

Future Plans 

1. Our study has been adopted onto the UK NIHR Clinical Research Network Coordinating Centre 

portfolio, which is designed to encourage other centres to collaborate with sample collection. 

2. We intend to apply for more substantial funding to perform a large multi-centre clinical trial to validate 

our findings. This is the next step before a novel biomarker would be ready for clinical use. We have 

agreement for collaborative sample collection from the MAYO Clinic, USA, (Head of Faculty 

Professor Gregory Gores) and other centres around the UK. 

 

We are extremely grateful to the British Liver Trust for providing this generous funding opportunity, 

which has enabled a significant body of novel and important research in relation to a terrible disease. 


