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Invited Speaker
Abstracts

IS1
Systems medicine and molecular phenotyping
Jeremy K. Nicholson
Imperial College London, London, UK.
Systems biology tools can be applied at both individual and population levels to understand
integrated biochemical function in relation to disease pathogenesis. Metabolic phenotyping offers
an important window on systemic activity and both advanced spectroscopic methods can be used to
characterize disease processes and responses to therapy [1]. Such approaches can be extremely
sensitive for the detection of diagnostic and prognostic biomarkers in a variety conditions, for
clinical population stratification and epidemiological scale phenotyping [2]. Systems medicine also
provides a powerful adjunct to conventional procedures for disease assessment that are required for
the future developments of “precision medicine” including understanding of the complex- hostmicrobiome symbiotic influences on patient state [3]. Finally, the “Metabolome Wide Association
Study” [4] concept provides powerful tool to generate disease risk biomarkers (e.g. for cancer or
cardiometabolic diseases) from epidemiological sample collections. Such population risk models
can also link to individual patient healthcare models thus closing the personal and public healthcare
modelling triangle.
References
1. Nicholson, J.K., Lindon, J.C. (2008) Systems biology: Metabonomics. Nature, 455 1054-1056.
2. Nicholson, J.K., Holmes, E., Kinross, J.M., Darzi, A.W., Takats, Z., Lindon, J.C. (2012)
Metabolic phenotyping in clinical and surgical environments. Nature, 491, 384-392.
3. Mirnezami, R. Nicholson, J.K., Darzi, A. (2012) Preparing for precision medicine. New Eng. J.
Med., 366, 489-491.
4. Holmes, E., Loo, R.L., Stamler, J., Bictash, M., Yap, I.K., Chan, Q., Ebbels, T., De Iorio, M.,
Brown, I.J., Veselkov, K.A., Daviglus, M.L., Kesteloot, H., Ueshima, H., Zhao, L., Nicholson,
J.K., Elliott, P. (2008) Human metabolic phenotype diversity and its association with diet and
blood pressure. Nature, 453, 396-400.

IS2
Testing multiple biological mediators simultaneously
Simina M. Boca1, Rashmi Sinha2, Amanda J. Cross2, Steven C. Moore2, Joshua N. Sampson2
1

Georgetown University, Washington DC, USA; 2National Cancer Institute, Rockville, MD, USA.

There is an extensive literature on statistical methods that adjust for “multiple comparisons” when
testing whether hundreds or thousands of biomarkers, such as gene expression or metabolite levels,
are directly associated with a disease. In contrast, there has been little, if any, discussion on
adjusting for “multiple comparisons” when testing whether biomarkers are biological mediators
between a known risk factor and a disease. We propose a new permutation approach that tests
multiple putative mediators and controls the Family Wise Error Rate (FWER). We demonstrate
that, unlike when testing direct associations, replacing the Bonferroni correction with a permutation
approach that focuses on the maximum of the test statistics can significantly improve the power to
detect mediators even when all biomarkers are independent. Through simulations, we show the
power of our new method is 2x to 5x larger than the power achieved by Bonferroni correction.
Finally, we apply our permutation test to a case-control study of dietary risk factors and colorectal
adenoma to show that, of 149 test metabolites, docosahexaenoate is a possible mediator between
fish consumption and decreased colorectal adenoma risk.
Reference
Boca, S.M., Sinha, R., Cross, A.J., Moore, S.C., Sampson, J.N. (2014) Testing multiple biological
mediators simultaneously. Bioinformatics, 30, 214-220.

IS3
Metabolomics and the exposome
Augustin Scalbert
International Agency for Research on Cancer, Lyon, France.
Cancer aetiology is largely governed by lifestyle and environmental factors. Various risk factors
have already been identified but the causes of many cancers still remain largely unknown.
Epidemiological studies conducted so far have been largely hypothesis-driven and focused on
limited numbers of risk factors. Modern analytical technologies allow today to simultaneously
measure hundreds of chemicals or metabolites in blood or urine to provide a more comprehensive
picture of the exposome (the totality of exposures to which individuals are commonly exposed
along lifetime) [1,2]. Highly sensitive mass spectrometry techniques and fully agnostic
metabolomic approaches make possible the systematic comparison of metabolic profiles of
individuals in exposome-wide association studies to identify novel risk factors for diseases or novel
biomarkers of exposures for these risk factors. Not only endogenous metabolites can be measured
but also a considerable number of metabolites of exogenous origin, derived from dietary
compounds, contaminants, pollutants or drugs. Examples will be given to illustrate how untargeted
or targeted metabolomic approaches can be used to better characterize dietary exposures in
nutritional epidemiology [3].
References
1.
2.
3.

Wild, C.P., Scalbert, A., and Herceg, Z. (2013) Measuring the Exposome: A Powerful Basis for
Evaluating Environmental Exposures and Cancer Risk. Environ. Mol. Mutagen., 54, 480-499.
Rappaport, S.M., Barupal, D.K., Wishart, D., Vineis, P., and Scalbert, A. (2014) The blood exposome
and its role in discovering causes of disease. Environ. Health Perspect., 122, 769-774.
Scalbert, A., Brennan, L., Manach, C., Andres-Lacueva, C., Dragsted, L.O., Draper, J., Rappaport,
S.M., van der Hooft, J.J.J., and Wishart, D.S. (2014) The food metabolome – A window over dietary
exposure. Am. J. Clin. Nutr., 99, 1286-1308.

IS4
Metabolomics in the EnviroGenomarkers Project: Metabolic signatures of exposure, cancer
risk and pregnancy outcomes
Hector C. Keun1, Alexandros Siskos1, Lea Maitre1, Rachel Kelly1,2, Deepti Sood1, Anas Kamleh1,3,
James K Ellis1, Leda Chazti4, Manolis Kogevinas4,5, Domenico Pall6, Ingvar A. Bergdahl7, AnnSofie Johansson7 Paulo Vineis1, Soterios Kyrtopoulos8 on behalf of the Envirogenomarkers
Consortium.
1

Imperial College London, London, UK; 2Harvard School of Public Health, Boston, MA, USA;
3
Karolinska Institute, Stockholm, Sweden; 4University of Crete, Crete, Greece; 5Centre for
Environmental Epidemiology (CREAL), Barcelona, Spain; 6Cancer Prevention and Research
Institute (ISPO), Florence, Italy; 7Umeå University, Umeå, Sweden; 8National Hellenic Research
Foundation, Athens, Greece.
EnviroGenomarkers is a European FP7 research project aiming at the development and application
of a new generation of biomarkers to study the role of environmental agents in human disease. The
project concerns the large-scale application of –omics technologies in population-based studies
aiming at: a) the discovery and validation of novel biomarkers predictive of increased risks of
chronic diseases in which the environment may play an important role (breast cancer, Non
Hodgkin’s lymphoma, child development); and b) the exploration of the association of such risk
biomarkers with exposure to a number of high-priority or emerging environmental pollutants with
carcinogenic, immunotoxic or hormone-line properties, including polychlorinated biphenyls
(PBCs), polycyclic aromatic hydrocarbons (PAHs) and cadmium The project uses three existing
prospective cohorts: the Northern Sweden Health & Disease Study and EPIC-Italy cohorts for
cancer endpoints, which contain biosamples collected prior to disease diagnosis, dietary, exposure
and life style information and follow-up health histories; and the Rhea mother-child cohort on the
island of Crete. Biomarker searches utilize state-of-the-art metabonomics, epigenomics, proteomics
and transcriptomics, in combination with advanced bioinformatics and systems biology approaches.
For the metabolomics component of the project, we specifically identified metabolic signatures of
exposure to cadmium and persistent organic pollutants. Independently we also identified markers
predictive of lymphoma cancer risk and early pregnancy markers of low birth weight.

IS5
Metabolic profiling and colorectal cancer risk
Marc Gunter
Imperial College London, London, UK.
Colorectal cancer is one of the most frequently diagnosed malignancies worldwide and in the
United Kingdom, accounts for ~42,000 new cases and ~16,200 deaths every year. Adiposity,
metabolic syndrome and diabetes are significant risk factors for colorectal cancer[1-4] suggesting
that metabolic dysregulation may plays an important role in colorectal cancer development and
progression. However, the precise metabolic biochemical pathways underlying the association of
adiposity and metabolic syndrome with colorectal cancer are not well understood. Metabolomics is
a powerful new high-throughput approach to identifying metabolic signatures that are associated
with disease development and several recent studies have leveraged metabolite profiling to provide
new insights into disease processes such as heart disease and diabetes mellitus[5]. The assessment
of novel metabolic intermediates known to be associated with obesity and metabolic dysfunction
may provide important new insights into the mechanisms of colorectal tumorigenesis with
additional broader implications for other obesity-related malignancies. Using prospectively
collected plasma specimens from the European Prospective Investigation into Cancer and Nutrition
(EPIC), a longitudinal cohort of 521,000 individuals across 10 European countries, we will
investigate metabolite profiles in relation to colorectal cancer development. In the first instance,
targeted metabolomic profiling using the AbsoluteIDQTM p180 kit (BIOCRATES) and a GC/MS
lipidomics platform (60 fatty acids) will be applied to ~500 incident colorectal cancer cases and
~500 matched controls. Multivariate modeling with adjustment for established colorectal cancer
risk factors including hyperinsulinaemia and related hormonal factors will be conducted.
Concurrent to this, untargeted NMR and LC/MS profiling of >3,000 incident colorectal cancer
cases and 3,000 controls will be performed. Existing data on colorectal cancer risk factors,
including hormonal parameters, genome-wide association study genotype data and tumour
characteristics, will also be incorporated to enhance knowledge on biochemical pathways and
inform mediation and risk prediction models.
References
1. Reeves, G.K., Pirie, K., Beral, V., Green, J., Spencer, E., Bull, D., for the Million Women
Study Collaborators (2007) Cancer incidence and mortality in relation to body mass index in
the Million Women’s Study: a cohort study. BMJ, 335, 1134.
2. Renehan, A.G., Tyson, M., Egger, M., Heller, R.F., Zwahlen, M. (2008) Body-mass index and
incidence of cancer: a systematic review and meta-analysis of prospective observational
studies. Lancet, 371, 569-578.
3. Giovannucci, E., Harlan, D.M., Archer, M.C., Bergenstal, R.M., Gapstur, S.M., Habel, L.A.,
Pollak, M., Regensteiner, J.G., Yee, D. (2010) Diabetes and Cancer: A consensus report.
Diabetes Care, 33, 1674-1685.
4. Gunter, M.J., Hoover, D.R., Yu, H., Wassertheil-Smoller, S., Rohan, T.E., Manson, J.E.,
Howard, B.V., Wylie-Rosett, J., Anderson, G.L., Ho, G.Y., Kaplan, R.C., Li, J., Xue, X., Harris,
T.G., Burk, R.D., Strickler, H.D. (2009) Insulin, insulin-like growth factor-I, endogenous
estradiol and colorectal cancer risk in postmenopausal women. Cancer Res., 68, 329-337.
5. Wang, T.J., Larson, M.G., Vasan, R.S., Cheng, S., Rhee, E.P., McCabe, E., Lewis, G.D., Fox,
C.S., Jacques, P.F., Fernandez, C., O'Donnell, C.J., Carr, S.A., Mootha, V.K., Florez, J.C.,
Souza, A., Melander, O., Clish, C.B., Gerszten, R.E. 2011) Metabolite Profiles and the risk of
developing diabetes. Nat. Med., 17, 448-453.

IS6
Microbiome status as a potential confounder in studies of perfluoroalkyl substances and
disease
Tony Fletcher
London School of Hygiene & Tropical Medicine, London, United Kingdom.
Long-chain Perfluoroalkyl substances (PFAS), the most widespread being PFOA and PFOS have a
long half-life in humans. Given these long half-lives, measured serum PFAS is a stable biomarker
and has been used in multiple epidemiological studies as the exposure measure of choice. The long
half-life is due to relatively low net excretion and this in turn is due to passage into, then active
reabsorption, via both kidneys and gut. Individual variation in these reabsorption pathways will thus
affect measured serum PFAS levels. Further, additional excretion via menstruation, pregnancy and
lactation can further reduce serum levels observed in females. If factors determining these excretion
pathways were also associated with disease of interest or relevant clinical markers, then this could
lead to confounding between measured serum and the outcome. For example there is concern that
these substances might be obesogenic. Given the evidence that a disturbed microbiome (reduced
variety of gut flora) may be a risk factor for obesity, if a disturbed microbiome also interfered with
PFAS mobility in the gut, then microbiome status could confound associations between obesity and
serum PFAS. In the C8 study, a large study of a population with water supplies contaminated with
PFOA in the mid-Ohio Valley, data were collected on self-reported health and biomarkers of
exposure and health in 69000 volunteers. We investigated associations between obesity and serum
PFOA and PFOS; the strongest association we have found is an inverse association between PFOS
and obesity in children. To address the hypothesis that this association may be confounded by
microbiome status, in the absence of fecal samples, we could look at factors known to be associated
with variations in the human microbiome: reported use of antibiotics, cesarian delivery, and
reported frequent diarrhea in recent months. All are associated with lower serum PFAS, more
strongly for PFOS than PFOA, suggesting that a compromised microbiome could indeed explain
this observed inverse association between obesity and PFOS. Future work is seeking to use
metabonomic markers of microbiome status in this population to characterise this association in
more detail.
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SOP1
Lipid metabolites and risk of coronary heart disease
Eric Harshfield
University of Cambridge, Cambridge, UK.
Cardiovascular disease (CVD) is one of the leading causes of death worldwide; mortality rates are
expected to continue to rise over the coming decades. Triglycerides and other lipids have been
shown to be strongly and linearly associated with risk of coronary heart disease (CHD); however,
despite considerable efforts to demonstrate causality, available evidence is conflicting and
insufficient. Study of the underlying metabolic pathways implicated in the association between
lipids and CHD would help to disentangle and elucidate these complex relationships. Direct
infusion high resolution mass spectrometry was performed on 5,674 participants from the Pakistan
Risk of Myocardial Infarction Study. Raw data were processed to extract peaks of interest
corresponding to 207 known lipid metabolites, cleaned, and normalised. Cross-correlations of lipid
metabolites and their correlations with circulating lipids were examined. Patterns of lipid
metabolites and their association with CHD risk factors were determined from principal component
analysis and logistic regression. Genome-wide association analyses were conducted for association
of lipid metabolites with genotyped and imputed single nucleotide polymorphisms (SNPs). While
lipid metabolites were positively correlated with circulating lipids, the strength of the correlation
varied according to the number of acyl chain carbons and double bonds, particularly for triglyceride
metabolites, which could be clustered into three distinct groups according to those produced in the
liver by de novo synthesis, those predominantly linked to dairy consumption, and those
predominantly linked to omega-3 polyunsaturated fatty acids from fish consumption. Multiple
SNPs in the regions of known loci, such as APOA5 and FADS2, were associated with lipid
metabolites that were closely linked to circulating total and HDL-cholesterol and triglycerides.
Exploration of the relationship between lipid metabolites and CHD risk factors has important
implications for identifying metabolites that could become new biomarkers used for clinical
application in areas such as CVD screening, risk prediction, and drug development.

SOP2
Metabolomic profiling of incident type 2 diabetes: the DESIR Study
Loic Yengo1, Abdelilah Arredouani2, Beverley Balkau3, Philippe Froguel1,3
1

CNRS UMR 8199, European Genomic Institute for Diabetes, Lille, France; 2Qatar Biomedical
Research Institute, Doha, Qatar; 3Paris-Sud University, Villejuif, France; 4Imperial College
London, London, UK.
This study aimed at identifying early metabolic differences between individuals associated with an
increased risk for developing type 2 diabetes (T2D) in middle aged European population. It also
aimed at measuring the capacity of metabolomic profiles to improve risk prediction on top of
clinical, biological and genetic factors. To reach these aims, 491 metabolites were assayed using
non-targeted metabolomics (Metabolon platform) in plasma samples from 1,044 participants from
the DESIR prospective cohort. All selected participants were non-diabetic at baseline and incidence
of T2D and hyperglycemia (HG: defined as T2D or fasting plasma glucose ≥ 5.6 mmol/L) was
observed in 231 and 288 subjects respectively during a 9-year follow-up. We evaluated association
between metabolites levels and incident T2D or HG using Prentice-weighted Cox regression
adjusted for age, sex and BMI at baseline. After Bonferroni correction, 12 metabolites mainly
involved in carbohydrates, amino acids and lipids super-pathways, were significantly associated
with incident T2D. Two of those metabolites involved in leucine and lipids metabolism were also
significantly associated with incident HG. In addition, we showed among those metabolites,
mannose, 1,5-anhydroglucitol and isovalerylcarnitine to be robustly (P<5x10-8) associated with
SNP genotypes respectively within glucokinase regulatory protein (GCKR), Aspartyl-tRNA
synthetase (DARS) and solute carrier family 22 member 4 (SLC22A4) loci. When added to clinical,
biological and genetic known T2D risk factors, the identified set of metabolites significantly
improved the discrimination between incident cases and controls, with +4.6% (P=3.9x10-6) increase
in the area under the curve (AUC) statistic (AUC without metabolites: 0.850; AUC with
metabolites: 0.896) and a +81.7% (P<10-10) increase in the continuous net reclassification index
(NRI). Our results support the view that metabolomic profiles complement known T2D risk factors
and illustrate the potential interest of early metabolomic profiling for T2D prevention.

SOP3
Plasma metabolite concentrations in meat-eaters, fish-eaters, vegetarians and vegans from
EPIC-Oxford
Julie A. Schmidt1, Sabina Rinaldi2, Augustin Scalbert2, Pietro Ferrari2, David Achaintre2, Marc J.
Gunter3, Paul N. Appleby1, Timothy J. Key1 and Ruth C. Travis1
1
3

University of Oxford, Oxford, UK; 2International Agency for Research on Cancer, Lyon, France;
Imperial College London, London, UK.

We aimed to investigate differences in plasma concentrations of metabolites, with a focus on amino
acids, between male meat-eaters, fish-eaters, vegetarians and vegans in the Oxford arm of the
European Prospective Investigation into Cancer and Nutrition. This cross-sectional analysis
included 98 men from each of the four diet groups categorised using questions about exclusion of
meat, fish, dairy and eggs from their diets. Plasma concentrations of 118 metabolites, including
acylcarnitines, amino acids, biogenic amines, glycerophospholipids, hexoses and sphingomyelins,
were measured using the BIOCRATES AbsoluteIDQ p180 Kit, a targeted metabolomic technology.
Differences in mean metabolite concentrations between diet groups were assessed using ANOVA
controlling for potential confounders and multiple testing. Concentrations of 6 out of 21 amino
acids differed by diet group. Vegans had the lowest concentrations of lysine, methionine,
tryptophan and tyrosine while fish-eaters or vegetarians had the highest. In contrast, the highest
concentration of glycine was observed in vegans and the lowest in meat-eaters. For alanine
concentration was highest in fish-eaters and lowest in meat-eaters. Analysis of all 118 metabolites
showed that 74 (63%) metabolites differed by diet group, especially glycerophospholipids and
sphingomyelins. For most metabolites differing by diet group, vegans had the lowest concentration
while the highest concentration was found most often in meat-eaters but for some metabolites in
fish-eaters or vegetarians. In conclusion, men belonging to different habitual diet groups have
significantly different concentrations of a variety of metabolites, including alanine, glycine, lysine,
methionine, tryptophan, tyrosine and several glycerophospholipids and sphingomyelins. Future
plans include analysis of metabolomic profiles, derived using dimension reduction methods, by diet
group and their relationship with risk of prostate cancer.

SOP4
Comparison of human serum and plasma metabolite profiles using NMR and UPLC-MS
*Manuja Kaluarachchi1, *Claire L. Boulangé1, John C. Lindon1,2, Timothy M.D. Ebbels2, Paul
Elliott2, Russell P. Tracy3, and Nels C. Olson3
Metabometrix Ltd, London, UK; 2Imperial College London, London, UK; 3University of Vermont
College of Medicine, Vermont, USA.
*These authors contributed equally to this work.

1

Metabolic phenotyping assesses the levels of small molecule metabolites in biofluids and tissues,
which are influenced by numerous genetic and environmental factors. Serum and plasma are
commonly used biological samples in clinical and epidemiological studies. Serum is obtained from
coagulated blood that has undergone separation of the fibrin clot, leukocytes, and coagulation
factors, and contains platelet-derived metabolites. Plasma is obtained from blood collected with an
anticoagulant (e.g., EDTA, heparin, citrate), is absent of leukocytes, and contains variable degrees
of platelets depending on the centrifugation procedure. We evaluated the metabolic profiles of
serum and plasma samples with the hypothesis that platelet-derived metabolites would partially
contribute to differences between serum and plasma metabolic profiles. We collected 32 blood
samples from 8 apparently healthy individuals and processed into four different types: serum (n=8),
platelet rich plasma (PRP, n=8), platelet poor plasma (PPP, n=8) and platelet free plasma (PFP=8),
all prepared using standardized protocols. Samples were analysed by untargeted 600 MHz 1H NMR
spectroscopy and UPLC-MS and the data analysed by multivariate statistical techniques. Principal
components analysis (PCA) of the NMR data suggested a large degree of inter-individual variation
among both serum and plasma samples. Orthogonal partial least squares discriminant
analysis (OPLS-DA) of NMR and UPLC-MS profiles discriminated serum from plasma samples. 3
NMR peaks and 35 UPLC-MS features discriminated serum from plasma. Validation and
identification of these metabolites is currently ongoing. Metabolic differences between serum and
plasma samples are detectable by both untargeted NMR and UPLC-MS. These preliminary findings
emphasise the importance of choosing the most appropriate sample type to suit the scientific
question, and highlight the importance of platelet-derived components in the metabolite profile,
which may have implications for population-based cohort studies.

SOP5
Metabolomic 1H NMR analysis of mass pyrrolizidine alkaloid poisoning outbreak in Ethiopia,
with validation in the mouse model
Oliver Robinson1,2,3,4, Mark Thursz1, Olaf Beckonert1, Elizabeth Want1, Rob Goldin1, Mike
Hauser1,5, Alan Fenwick1, Mireille Toledano1, Muireann Coen1
1

Imperial College London, London, UK; 2Centre for Research in Environmental Epidemiology
(CREAL), Barcelona, Spain; 3Hospital del Mar Medical Research Institute (IMIM), Barcelona,
Spain; 4CIBER Epidemiología y Salud Pública (CIBERESP), Spain; 5Onehealth Foundation,
Switzerland.
An outbreak of several hundred cases of Hirmi Valley Liver Disease (HVLD), an often fatal toxic
hepatitis, occurred in the period 2001-2011 in a cluster of rural villages in Tigray, Ethiopia. We
have previously shown that it is principally caused by contamination of the food supply by the plant
toxins pyrrolizidine alkaloids, including acetyllycopsamine (AL), and that exposure to
dichlorodiphenyltrichloroethane (DDT) increases the susceptibility of residents to AL. Using 1H
NMR metabolomics, we cross-sectionally analysed urine samples from HVLD cases and controls;
controls stratified by exposure status; and samples collected from mice dosed with AL or AL and
DDT in combination. Samples were collected over two days in 2008 and 2009. 600 MHz 1H NMR
spectra were acquired and multivariate analysis applied. Orthogonal-Partial Least Squares –
Discriminant Analysis (PLS-DA) compared 10 case versus 7 control samples collected in 2008, 35
case versus 18 control samples collected in 2009 and 18 high-exposed versus 18 low-exposed
control samples. PLS-DA models compared urinary spectra from C57BL/6J mice from acute (1x
1500 mg/kg AL) and chronic (8 x 500 mg/kg AL over 4 weeks) dosing experiments. Mice dosed
with 1 x 750 mg/kg AL with or without pre-dosing with 3 x 75 mg/kg p,p’-DDT were compared by
univariate methods. Cross-validated models distinguished all compared sample classes.
Discriminatory metabolites included tyrosine, pyruvate, bile acids, N-acetylglycoproteins, Nmethylnicotinamide, formate, hippurate, p-cresol sulphate, p-hydroxybenzoate and 3hydroxypropionic acid. Tyrosine and p-cresol sulphate were associated with both exposure and
disease. Similar changes to tyrosine, one-carbon intermediaries and microbial associated
metabolites were observed in the mouse model, with tyrosine correlated with the extent of liver
damage. In this novel application of metabolomics to a mass poisoning episode we have identified
intermediate markers of exposure and disease, some of which were also found in the dosing mouse
model. Pathways identified here may be useful in translational research and as “exposome” signals.
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P1
Population-scale metabolic profiling in the MRC-NIHR National Phenome Centre
Lynn Maslen1, Matthew R. Lewis1, Jake TM. Pearce1, Beatriz Jimenez1, Rachel Shaw 1, Elaine
Holmes1, Paul Elliot1, Frank Kelly2, Jeremy K. Nicholson1
1

Imperial College London, London, UK; 2King’s College London, London, UK.

The MRC-NIHR National Phenome Centre is open to the UK research community providing
metabonomics and informatics related research solutions. Lead by Imperial College London and
Kings College London the Centre has a multi-disciplinary team of specialists in biochemistry, the
analytical platforms and informatics to enable the translation of molecular phenotyping
technologies into routine clinical and biotechnology applications. Taking advantage of the legacy
2012 Olympics drug testing analytical laboratory the Centre is structured to offer broad and deep
phenotyping on both large (over 5,000 samples) and small (fewer than 300 samples) human sample
cohorts with a current operational capacity of 200,000 assays per year. Because no one technology
platform or assay can provide the comprehensive coverage of the metabolome needed to provide
insight into complex biological processes the Centre has developed and implemented two distinct
but customisable, modular research solutions. The non-biased broad metabolite profiling platform
presents an opportunity to evaluate thousands of endogenous biochemicals as well as drug derived
metabolites in a series of analyses offering complementary NMR and UPLC-MS assays to
maximise metabolome coverage. For hypothesis driven analysis the Centre has developed a suite of
targeted assays employing UPLC-MS methodologies for providing quantitative information on
discrete metabolites or screening panels. The Centre is embedded in the Division of Computational
and Systems Medicine at Imperial College London ensuring a strong research and development
pipeline driving innovation in metabolic phenotyping. New technological opportunities are quickly
evaluated and developed into routine platforms, resulting in continuous improvement and expansion
of assay portfolio. Through a combination of scientific expertise, a comprehensive assay portfolio
and a commitment to research and technology development the MRC-NIHR National Phenome
Centre provides clients with the metabonomic solutions to advance their research.
www.imperial.ac.uk/PhenomeCentre
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Development of a direct infusion nano-electrospray high resolution mass spectrometry
method for simultaneous multiplexed (semi)-quantitative analysis and global profiling
targeted quantitative analysis and global profiling of large cohort urine samples
Elena Chekmeneva, Gonçalo Correia, Queenie Chan, Elaine Holmes, Paul Elliott, Jeremy
Nicholson
Imperial College London, London, UK.
There is considerable interest in the use of metabonomics technologies in clinical epidemiology.
Among the available analytical techniques, mass spectrometry offers a combination of sensitivity
and selectivity of analysis along with the possibility of structural elucidation for metabolite
identification and quantification at low levels of concentration [1]. Automated chip-based direct
infusion platform was used to develop for the first time an easy, fast, high-sensitivity, highthroughput nanoelectrospray high resolution mass spectrometry (nESI-HRMS) method [2] for
multiplexed targeted quantitative analysis of urine samples in large-scale studies in epidemiology
and stratified medicine. The collection of the full-scan HRMS data allows for untargeted
fingerprinting and relative quantification of any other ionized species any time post-analysis. The
method uses TriVersa Advion NanoMate system in infusion mode for ionization coupled to HRMS
QTOF Synapt G2-Si (Waters, Manchester, UK). The time of analysis for each sample is less than 3
min (for both Positive and Negative ion modes). Working with highly diluted samples minimizes
the ion suppression and makes possible to see and quantify numerous compounds at the same time
with increasing sensitivity and dynamic range. Quantification is achieved by standard addition in
composite urine sample to account for any matrix effect using stable isotope labelled internal
standards. The developed method was applied for the analysis of urine specimens from 4,630
individuals with available aliquots from first and second 24-hour urinary collections (10,000+
urinary specimens overall including the 8% split specimens) from the project INTERMAP
(INTERnational collaborative study of MAcronutrients, micronutrients and blood Pressure). The
samples were analyzed over three months in multi-batch manner. The quantitation was performed
for 50 metabolites presenting different metabolic pathways. The quality control (QC) sample
strategy was used for the quantitative data validation. They will be also used for correction of any
inter-batch variation in future data integration in one large set for statistical analyses. Each batch
(sample plate) included seventy two subject samples from one of four countries and first or repeat
visit, the calibration series (consisting of six points plus zero point), six validation quality control
(QC) samples at three different concentration levels, four dilution QC samples, and blank samples
to avoid any carry-over. Herein we present a general method workflow and some preliminary
results of the method validation and sample analysis.
References
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Although targeted metabolomics have been associated with risk of chronic diseases, lack of
temporal stability of biological measurements could limit their use in epidemiological
investigations. The present study aims to 1) evaluate the reliability over a 2-year period of 149
targeted metabolites measured in serum samples and 2) compare reliability over time in fasting and
non-fasting samples. Concentrations of metabolites were measured with the AbsolueIDQ p180 kit
(BIOCRATES, Innsbruck, Austria) by mass spectrometry. Metabolites include acylcarnitines,
amino acids, biogenic amines, hexoses, phosphatidylcholines and sphingomyelins. Measurements
were performed on serum samples from subjects participating in the European Prospective
Investigation into Cancer and Nutrition (EPIC) study who gave repeat blood samples 2 years apart:
27 men from Turin (fasting on both occasions), and 39 women from Utrecht (non-fasting on both
occasions). Reproducibility over time was assessed by computing the intraclass correlation
coefficient (ICC) in a multivariable mixed model. In fasting samples, a median ICC of 0.70 was
observed, ranging from 0.51 for amino acids to 0.74 for phosphatidylcholines. ICCs of all biogenic
amines and sphingomyelins were higher than 0.50. ICC values were lower than 0.50 in 48% of
amino acids, 27% of acylcarnitines, 18% of lysophosphatidylcholines and 4% of
phosphatidylcholines. In non-fasting samples, the median ICC was 0.54, ranging from 0.34 for
acylcarnitines to 0.62 for lysophosphatidylcholines. ICC values were lower than 0.50 in 71% of
acylcarnitines, 48% of amino acids, 44% of biogenic amines, 36% of sphingomyelins, 34% of
phosphatidylcholines and 33% of lysophosphatidylcholines. Overall, reproducibility was lower in
non-fasting as compared to fasting samples, with a statistically significant difference for about 20%
of acylcarnitines, phosphatidylcholines and sphingomyelins. Based on these findings, a single
measurement per individual may be sufficient for the study of most targeted metabolites in fasting
and non-fasting samples. Fasting samples should be preferred to non-fasting, if available.
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Acceptability of collection of multiple bio-samples to birth cohort participants: implications
for large studies
Sarah Bailey, Claire Townsend, Alison Rodgers, Helen Dent, Camille Mallet, Evdokia Tsaliki,
Helga Laszlo, Peter Brocklehurst and Nigel Field
University College London, London, UK.
In developing new cohort studies, the acceptability of bio-sample collection to participants is of
major importance for ethical reasons and to estimate and maximise sample collection. The Infection
and Immunity (I&I) enhancement is part of the new UK birth cohort, Life Study, which will
investigate the role of infection and the immune system in determining future health and disease by
collecting multiple bio-samples from up to 60,000 mother-baby pairs. These bio-samples will have
a wide range of uses, including for metabolomics, transcriptomics and microbiomics. We undertook
a pilot study to develop and test collection methods for cord blood, stool, placental and cord tissue
from women recruited at prolonged pregnancy and elective Caesarean clinics at University College
London Hospital (UCLH). Questionnaires about acceptability were given to all participants before
sample collection. Using five-point Likert scales, women were asked about their satisfaction with
the study overall and how comfortable they felt with providing each sample. The questionnaire
included samples collected at UCLH as well as maternal and baby urine, vaginal swabs, and baby
saliva, which were not collected during the pilot study. Sixty-four percent (113/176) of participants
completed the pre-sample questionnaire. None of the 113 women reported that they were
dissatisfied with our explanation about the study, about why the samples needed to be collected or
about what participation involved, and fewer than 10% reported being uncomfortable with cord
blood (8/111), baby stool (5/111) or baby urine (3/99) being collected. Most women were also
comfortable with giving their own stool sample (20/109, 18% were uncomfortable) and having a
vaginal swab collected (25/100, 25% were uncomfortable). Overall, the proposed biological
sampling for Life Study was highly acceptable to pregnant women. We hope to further improve the
acceptability of vaginal and maternal stool collection by enabling self-sampling and improving
explanations to participants.
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Factors that increase risk for endometrial cancer (EC) include obesity, diabetes, an early age at
menarche, nulliparity, and non-use of aspirin based non-steroidal anti-inflammatory drugs
(NSAIDs). Circulating levels of insulin, insulin-like growth factor (IGF-I) and other components of
the insulin-IGF axis have also been associated with risk of EC, but there is limited data on their
expression in endometrial tissues and whether endometrial cancer risk factors impact upon their
expression. Further, there are no data on how circulating levels of insulin-IGF axis factors are
related with endometrial tissue expression. Our objective was to evaluate changes in insulin-IGF
axis components in paired fasting serum and benign endometrial tissues, and to investigate whether
tissue levels varied according to EC risk factor exposures. The study included 110 subjects recruited
from two study centers who had undergone hysterectomy for benign indications. Serum IGF-I,
fasting insulin, IGF binding proteins (BP)1 and -3, estrone and sex hormone binding globulin
(SHBG) levels were assayed using enzyme-linked immunosorbent assays, while tissue protein
levels were evaluated by immunohistochemistry and gene expression by quantitative real-time PCR.
Spearman’s correlation coefficients were calculated, and differences in categorical and continuous
data were analyzed using Fisher’s exact and Wilcoxon tests, respectively. Overall, we observed no
correlation between circulating levels of insulin, IGF-I and sex hormones with gene or protein
expression in benign endometrial tissues. In postmenopausal women, phosphorylated IGF-I receptor
(pIGF1R) protein was expressed at higher levels in diabetic versus non-diabetic women, and any vs.
no use of NSAIDs was associated with increased expression of the insulin receptor and
progesterone receptor. A previous study suggested that pIGF1R may play a role in EC initiation;
therefore this finding warrants further study to evaluate the link between diabetes, activated IGF1
pathway components and risk of EC.
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Intakes of biologically complex fleshy fruits with substantial variations in nutritional composition
may be reflected in urinary metabolite differences. We evaluated 24-hr urinary hippurate (HP) and
proline betaine (PB) relative to fruit intake and blood pressure (BP). Cross-sectional data from the
INTERMAP Study were used of 4,276 participants aged 40-59y from China, Japan, UK, and US.
Fleshy fruit intakes were calculated from four in-depth 24-hr dietary recalls. Peak intensities of HP
(δ7.84, doublet) and PB (δ3.11, singlet) were quantified from 24-hr urinary spectra by 1H NMR.
Average metabolite excretions across quartiles of energy-adjusted fruit intakes and P for trend were
calculated. Country-specific multivariable linear regression coefficients between urinary
metabolites and sum of metabolite-related fruits were pooled, weighted by inverse of their variance.
Age-sex-sample adjusted Pearson correlations were: between HP and raw fruits 0.17, fruit juices
0.01, urinary potassium 0.19, and dietary fibre 0.15; between PB and raw fruits 0.27, fruit juices
0.30, vitamin C 0.40, sugar 0.21, and dietary fibre 0.16. Significant multivariable adjusted P for
trends (metabolome-wide significance level; P<4x10-6) across quartiles of intake were found
between raw fruit, apple, kiwi fruit, nectarine, peach, plum, dried apricot, dried prune and HP;
similarly between raw fruit, fruit juice, banana, grapefruit, kumquat, orange, satsuma, tangerine,
grapefruit juice, orange juice and PB. Correlations between sum of metabolite-related fruits and HP
were 0.24 (0.10 for sum remaining fruits) and 0.64 with PB (0.03 for remaining fruits). After
multivariable adjustment including BMI, differences in systolic BP were for HP higher by 2SD 1.53 mm Hg (95%CI: -2.32,-0.75) and for sum of HP-related fruits -0.60 (-1.32,0.12). PB was not
associated with BP. Consumption of several fruits was related to urinary HP and PB excretion.
Higher urinary HP excretion was associated with lower systolic BP, but this was not found for the
sum of HP-related fruits.
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A large number of studies support a role of polyphenols in the prevention of chronic diseases such
as cardiovascular diseases, diabetes or cancers, however epidemiological evidence is still limited.
Robust methods are needed to reliably assess exposure to a large variety of dietary polyphenols
which can be easily applied to epidemiological studies. We report here the development of a
quantitative method to measure dietary polyphenols in urine, based on differential metabolite
coding with 12C- and 13C-dansylation labelling and quantification of the coded metabolites by mass
spectrometry. Urine samples are first hydrolysed with a β-glucuronidase / sulfatase enzyme mixture
and the resulting polyphenol aglycones extracted twice with ethyl acetate. Quantitative dansylation
of phenolic hydroxyl groups is carried out with 13C2-dansyl chloride (Standards), and a non-marked
12
C-dansyl chloride (well-characterized reference pooled sample). 12C-Dansylated reference sample
and 13C-dansylated samples are mixed and relative concentration in samples over the reference
sample are determined by UPLC-ESI-MS-MS. The method is set up for the measurement of 38
different polyphenols, and provides a simple and robust mean for measuring polyphenols in urine,
and overcomes the need of having expensive labelled standards for each compound.
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Characterization of the polyphenol metabolome by metabolic profiling of urine samples from
the European Prospective Investigation on Cancer and Nutrition (EPIC) cohort and analysis
of Phenol-Explorer data
Joseph A. Rothwell, William M. B. Edmands, Pietro Ferrari, Dinesh Kumar Barupal, Nadia
Slimani, Mazda Jenab, Sabina Rinaldi, Isabelle Romieu and Augustin Scalbert
International Agency for Research on Cancer, Lyon, France.
Polyphenols are a large family of phytochemicals whose consumption via plant foods has been
associated with a lower risk of cardiovascular diseases and cancer. Since polyphenols are consumed
abundantly in most human diets, the human metabolome typically contains many polyphenol
metabolites which form together the “polyphenol metabolome”. Here, we characterize this by a) the
metabolic profiling of urine samples from the European Prospective Investigation on Cancer and
nutrition (EPIC) cohort by high-resolution mass spectrometry and b) by the analysis of data from
Phenol-Explorer, a web database we previously developed which contains detailed information on
all known metabolites identified in polyphenol intervention studies [1]. Phenol-Explorer details 303
metabolites that have been described in blood or urine of humans and experimental animals
following interventions with polyphenol-rich foods or extracts as well as with pure compounds.
These data were used to screen metabolic profiles measured in 24-hr urine samples from 481
subjects from the EPIC cohort. Univariate and multivariate statistical analyses revealed over 2,000
mass spectral features to be significantly associated with the consumption of six selected major
polyphenol-rich foods (Pearson’s correlation coefficient > 0.3 and OPLS-DA VIP score > 1.5).
Some of these signals were found to correspond to 83 polyphenol metabolites and these showed
large differences in their concentrations within and between four European countries reflecting
variations in individual food intake. Some of these metabolites were also found to be particularly
good predictors of intake of polyphenol-rich foods and may be used as surrogates for dietary
questionnaires. These biomarkers may be key to unravelling the complex effects of intake of
polyphenol-rich foods upon health.
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Four classes of methods for integrating transcriptomic and metabonomic data
Rachel Cavill, Jacco Jan Briedé and Jos Kleinjans
Maastricht University, Maastricht. The Netherlands.
Transcriptomic and metabonomic data give complementary information about biological systems
and matched datasets are becoming much more common in molecular epidemiology. However the
integration is complex and often confusing. Regularly these data are investigated by performing
separate analyses, and comparing results. But this tends to highlight differences rather than
similarities. Integrative analysis methods combat this, four classes of these are described below. In
concatenative analysis, one combines the datasets into a single table and performs the usual
analysis. However, this often fails, as the datasets will have different underlying structures and the
data and noise is drawn from different distributions. For instance, a metabolomics and
transcriptomics dataset concatenated and then clustered will split into two clusters, the metabolites
and the transcripts. Correlations hold when looking across similar conditions, but correlations
between genes and metabolites can reverse in direction when conditions change significantly (e.g.
Aerobic vs anerobic metabolism) so care must be taken. When time series are present, changes are
not simultaneous, so techniques such as dynamic time warping (e.g. DTW4omics in R) are used to
compensate. Multivariate models are powerful, but are not easy to build and interpret by nonexperts. One technique O2PLS is symmetric. So instead of modelling metabolomics from
transcriptomics or vice versa, the models and predictions are made in both directions. The output
gives the percentage variance of each dataset which is explained by the other. This is useful for
highlighting where similarities between the datasets. Pathway analysis is useful as the output is
biological rather than mathematical and it is intuitive for biologists to use and interpret. IMPaLA
(impala.molgen.mpg.de) is an example that performs either over-representation or enrichment
analysis on metabolomics and transcriptomics data jointly. This means that more pathways can be
found by using evidence of change from both datasets.

P10
Identification of Volatile Organic Compounds in exhaled breath for diagnosis of ventilatorassociated pneumonia
Rianne R.R. Fijten1, Ronny M. Schnabel2, Agnieszka Smolinska1, Agnes Boots1, Jan Dallinga1,
Marie-Louise L.L. Boumans2, Ellen E. Stobberingh2, Paul M.H.J. Roekaerts2, Dennis C.J.J.
Bergmans2, Frederik-Jan van Schooten1
1

Maastricht University, Maastricht, The Netherlands; 2Maastricht University Hospital Center+,
Maastricht, The Netherlands.
Ventilator-associated pneumonia (VAP) is a nosocomial infection occurring in the intensive care
unit (ICU). Currently, the diagnostic standard is bronchoalveolar lavage (BAL), which is invasive,
laborious and time consuming. Exhaled breath is established as a non-invasive and fast method for
diagnosis of diseases. It contains volatile organic compounds (VOC) that can differentiate between
diseased and healthy individuals. The aim of this study was to find out if analysis of volatile organic
compounds (VOCs) in exhaled breath can be used as a non-invasive diagnostic tool for VAP. One
hundred critically ill mechanically ventilated patients with clinical suspicion of VAP underwent
BAL. Before BAL procedures exhaled air samples were collected and analysed by gas
chromatography time-of-flight mass spectrometry (GC-tof-MS). The clinical suspicion of VAP was
confirmed by BAL diagnostic criteria in 32 patients (VAP+) and rejected in 68 patients (VAP-).
Statistical comparison of VAP+ and VAP- groups revealed a correct classification rate of 74.2% ±
4.3 with a sensitivity and specificity of 75.8% ± 5 and 73.0% ± 4.3, respectively. Our results
suggest that it is possible to distinguish ICU patients with VAP using exhaled air specimens. This
approach is non-invasive without additional risks to the patient and could fasten the diagnostic
procedure.
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