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GENE DOPING
Vectors



Shedding Data 
Gene Therapy Studies
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GENE DOPING
Detection?

Vector Tissue Shedding Persistence

DNA Muscle - months

Adenovirus Tumor Serum, saliva, 
urine

days

AAV Muscle Serum, saliva, 
urine

weeks

Retrovirus I.v. Blood Semen weeks



Vector:
Protein No, requires biopsy
DNA, RNA Yes, blood, urine
Chemicals No, requires biopsy
Antibody response Yes, blood

GENE DOPING
Detection?



GENE DOPING
Clearance of free DNA

Dash PR et al. Gene Ther. 1999 ;6(4):643-50. 

Plasma Tissues 
30 min.



Bacterial DNA is immunogenic

CpG DNA:
unmethylated CpG motifs are abundant in 
bacterial DNA; 
the frequency of the CpG motif is suppressed 
and highly methylated in mammalian DNA

GENE DOPING
DNA detection?



Transgene:
protein 
- Human original Yes, elevated blood, urine
- ‘New’ modified Yes, if in blood, urine
- Human modified Yes, if in blood, urine

effect Yes, if in blood, urine

GENE DOPING
Detection?



GENE DOPING
Specific Detection?

CHO BHK
human macaque
urine   serum

macaque serum
after gene transfer 
in skeletal muscle

Lasne F. et al.  Mol Ther. 2004; 10:409-10.

Isoelectric patterns of erythropoietin.



Gene Doping detection

• Specific
• Every potential drug 

needs a specific 
sampling and analysis 
method

• General
• Profiling allows the 

determination of 
(major) changes in 
gene expression 
patterns by: gene 
array or proteomics



GENETIC INTERVENTIONS

• Gene
• Transcription
• Translation
• Protein

DNA

RNA
Transcription

RNA processing

RNA transport

RNA translationProtein

Processing



Proteomics
Serum Protein Pattern Diagnostics

Proteins

Patient

mass 
spectroscopy

Proteomic 
image Pattern 

recognition
Learning 
algorithm

Early 
diagnosis 
of disease

Early 
warning of 

toxicity



Proteomics
Sample Preparation 2-D Electrophoresis Spot Detection & Image Analysis

Enzymatic Digestion Peptide-Mass Fingerprinting 

Peptide Sequencing via MS Database Search 

Protein Identification 

(I) (III)

(IV) (V) (VI)

(II)



GENE THERAPY AND DOPING
Detection by proteomics

Physiological profiling
-Serial Blood sampling
-Assesment of protein 

markers



Post Translational Modifications

Mann and 
Jensen, Nature 
Biotech. 21, 255 
(2003)



Gene expression profiles



Gene array



Gene Array



Discussion

• Gene doping vectors will be undetectable
• Proteomics and Gene expression profiling are 

powerful generally applicable methods and will be 
part of diagnosis and therapy in the future

• Requires fresh tissue, urine or blood sample of 
good (RNA or protein) quality

• Logistics (handling, storage)
• A global change in sample handling is needed
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