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About HFL
• Sports testing (since 1963)

–– Pharmaceutical / Healthcare Pharmaceutical / Healthcare 
• 130 people
• State-of-the-art facilities (1997)
• Analytical laboratory

–– method development/validationmethod development/validation
–– complex matrices complex matrices 
–– biomarkers & the biomarkers & the ““omicsomics””



Drug testing in sport
Direct test of drug in blood / urine sample

TEST FOR:
• Drugs
• Metabolites

CONVENTIONAL 
ANALYTICAL 
TECHNIQUES:

• TLC/HPLC
• GC-MSn

• LC-MSn

• ELISA / RIA



Difficulties with this testing approach?

NEW 
PHARMACEUTICAL

DRUGS

Proteins/peptides
Gene therapy

Designer drugs



Gene Therapy to Gene Doping

• GENE THERAPY
–– muscularmuscular

•• increase muscle massincrease muscle mass
•• IGFIGF--1, 1, myostatinmyostatin

–– anaemiaanaemia
•• increase oxygen deliveryincrease oxygen delivery
•• EPO, VEGFEPO, VEGF

–– pain reliefpain relief
•• endorphins / endorphins / encephalinsencephalins

Non-therapeutic use of genes, genetic elements, and/or cells that have 
the capacity to enhance athletic performance



Alternative testing strategy: 
Surrogate marker approach (biomarkers)

• Cell, tissue, organ, organism
–– Complete ensemble of Complete ensemble of biomoleculesbiomolecules
–– Reflects influences of the environmentReflects influences of the environment

• Introduce exogenous substance 
(e.g. drug, gene)
–– Change in the composition of the Change in the composition of the 

biomoleculebiomolecule ensembleensemble

• Biomarkers
–– Transcripts (mRNA)Transcripts (mRNA)
–– ProteinsProteins
–– Metabolites (any other Metabolites (any other biomoleculesbiomolecules))



Transcriptomics vs Proteomics
• Transcripts (mRNA)

–– Cellular materialCellular material
•• White blood cellsWhite blood cells
•• Urine epithelial cellsUrine epithelial cells

–– Gene expression Gene expression 
informationinformation

–– Complementary to Complementary to 
proteomicsproteomics

• Proteins
–– Serum/plasmaSerum/plasma
–– Soluble proteinsSoluble proteins
–– True reflection of True reflection of 

system e.g. PTMsystem e.g. PTM
–– Simpler assaySimpler assay



Surrogate marker approach

Assays based on:
–– effect of drugeffect of drug
–– NOT the drug itselfNOT the drug itself

–– Indirect markers of Indirect markers of 
drug abusedrug abuse

Challenge: distinguish between samples
collected from subjects +/- treatment



Screening approaches
1 Pattern recognition (uncharacterised markers)

–– TranscriptomicsTranscriptomics
•• MicroarraysMicroarrays, PCA, PC, PCA, PC--DADA

–– ProteomicsProteomics
•• gels, MS, gels, MS, ANNsANNs –– WADA grantWADA grant

2 Biomarker assays (characterised markers)
–– TranscriptomicsTranscriptomics, proteomics, proteomics
–– Characterise proteinsCharacterise proteins
–– Develop panel assays (multiplexing)Develop panel assays (multiplexing)



1 Pattern recognition
Sample preparation is key

Proteins in serum
(n=10,000, 99% from 22 proteins, 1% = 9978)

Tirumalai et al (2003) Molecular cell proteomics



Conc of proteins and peptides in plasma

Anderson et al (2002) Molecular cell proteomics

hGH
eGH

ng/mL

μg/mL

mg/mL

IGF-1



Pattern recognition - Proteomics
• Treated and Untreated subjects

–– + / + / -- drug (gene)drug (gene)
–– Collect serum, blood cells, muscleCollect serum, blood cells, muscle

• Sample analysis
–– Protein/peptide extractionProtein/peptide extraction
–– MALDI / MALDI / nanonano LCLC--MSMS

• Data analysis
–– Apply pattern recognition Apply pattern recognition ANNsANNs



2  Development of tests for biomarkers
(up- or down-regulated)

http://images.google.com/imgres?imgurl=http://www.ntnu.no/ikt/grafikk/index_bilder/bioinform_index.jpg&imgrefurl=http://www.ntnu.no/ikt/fp/bioinform/index_e.htm&h=174&w=200&sz=17&tbnid=leaUdrRFsNMJ:&tbnh=86&tbnw=99&hl=en&start=30&prev=/images%3Fq%3Dbioinformatics%26start%3D20%26hl%3Den%26lr%3D%26sa%3DN


Advantages of surrogate marker approach

• Ability to control abuse
–– New New PharmaPharma drugsdrugs
–– Genetic modificationGenetic modification
–– Designer drugsDesigner drugs
–– Proteins/peptidesProteins/peptides

• Future-proofing
–– Detection of effect of drug/agentDetection of effect of drug/agent
–– NOT presence of agentNOT presence of agent

• Change future of sports drug testing
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