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Scientific doping : the rational

Aerobic network

�Transport, disponibility, use of O2 

• Specific training

• Training period in altitude

• Hypobaric room

• Hypoxic tent

________________________________

• Blood transfusions

• Stimulation of erythropoïesis : EPO, ...

• Artificial  blood: PFC, reticulated Hb

• Dissociation of oxy-haemoglobin

• Microcellular action: target therapies indeed 
gene therapies

Anaerobic network
�Strenght, power, speed
�Resistance to acidosis 
• Specific training
• Improved capture by muscle of aminoacids : 
specialized nutrition

• Optimum immediate energetic reserve: creatine, 
carnitine, …

________________________________
• Anabolics   : natural or synthesis androgens 

: growth factors and hormones
: myostatin inhibitors

• Métabolic agents : insulin, etc…
• Target therapies, cell therapies indeed gene 
therapies
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The biotechnological revolution

�Genomics and Proteomics

In 2008 : 107 marketed »biodrugs » in EU.

Sporting effective misuse for most of them.

Present development of new efficient and doubtful approaches in term of toxicologic 
control (urine and hair).
Some examples       : New EPO : Dynepo (2002)

: Bio similar EPO (5 European MAA in 2007)
: Synthetic EPO : Hématide in phase III (2006)
: Modulators of EPO : FG-2216 in phase I (oral taking)
: New growth hormones (nasal spray)
: Bio similar growth  hormones (1 European MAA  in 2006)
: Muscle growth factors : IGF1and bFGF (1996)
: Myostatin inhibitors : AMG745 in phase I
: Activators of fat’s consumption :GW501516 in phase II 
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02/06/03 30/07/03 20/08/03 17/09/03

LH 1 - 9 UI/L 0,1 5,6 < 0,1 2,4

Testosterone 2,9 – 15,1µg/L 4,8 1,2 3,3 1,5

IGF-1 82 – 221µg/L 218 178 410 194

The reverse side of decor

Fig. 1

Fig. 2

Fig. 3
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Biological blood passport
A tool of early detection allowing the 

tracability of training and the sanction by 
No Start

Réf. : Dine G, Van Lierde F, Rehn Y. Biological profile to detect erythropoietin use in 
healthy sport performers. Haematologica 1999; 84 (EHA abstract) 199

Réf. : Dine G, Genty V, Van Lierde F. Biological profile usefulness to prevent rh EPO 
misuse in sport people. Hematology Journal 2002; 3 (EHA abstract) 381

�Deposit INPI at 30/07/98 with the number 20556 (blood handling by EPO)

�Deposit INPI at 25/05/99 with the number 44952 (hormonal profile
concerning the use of GH)

Routine–use  for  the account  of  FFR, FFS, FFT and LNR  since 2000

Necessary  tool which is not an universal panacea
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The confusion face up to doping

�A non-adapted regulation to the doping’s reality (thieves don’t have 
scientific advance)

�Biological tools : urines, blood, hairs and passport (necessary co-
ordination )

�Controls throughout the season : programed, unexpected and targeted  
(training,  event, post event)

�Dilemma for doctors submitted to sport authorities (no real 
indépendance)

�No incrimination for key decision makers of sport (employers 
responsability)

� Ambiguous proximity of different actors within institutions (judge and 
part)

�Evident criminal  (traffic and counterfeit)
�Question on the myth of  superman (ethical débate)
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Transparency and confidentiality

Anti-doping institutions 
National and international 

sport federations 

Medical comittees
of federations

Networks of independant
medical

Biomedical and pharmaceutical 
companies

Approved  anti-doping 
laboratories

Approved laboratories of clinic 
biology

Independant units of 
interpretation and co-

ordination for an  
immediate action

Anti-doping institutions
National and international 

sport federations 

�Disclosure Act

�Actions of police, customs and justice
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In 2008, the reality 
among our superior 
mammal cousins 

�Muscle transfection: IGF1, myostatin

�Target therapies : myostatin inhibitors

�Human natural mutations as models

�Human tests under way : myopathy,  cancerous cachexia  
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Tendinous gene therapy

Transfection of tenocytes producing growth factors  in 
order to accelerate healing (IGF1 et b-FGF)

Controlled animal models
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Marathon mice (1)

�Continuous expression without aerobic training of  PPAR-
delta protein after muscle gene transfection

�Consumption of fat to the detriment of sugar

�Increasing of type I muscular fibres

�Controlled animal models

�Y Wang & al, Plos Biology, 294, 2004
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Activators of fat’s consumption

Stimulation of the  activity of PPAR-delta protein by 

GW501516 (GSK) molecule

phase I and II in the treatment against cholesterol

increasing of muscle fibres of type 1 (PPAR-

delta transgenic mice)
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Marathon mice (2)

�Mice without HIF1 α gene

�Permanent aerobic conditions in muscle

�Decreasing of lactic acid in muscle

�Not controlled animal models → after 4 days : muscle 
damages (free radicals)

�S Mason & al, Plos Biology, 288, 2004
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Speedy Gonzales

�Surexpression of PEPCK-C gene in muscle of transgenic 
mice

�Increasing of VO2 max and decreasing of lactic acid in 
muscle

�Increasing of aerobic and anaerobic performances

�Controlled animal models for sport conditions but 
particular behaviour (hyper activity)

�R Hanson & al, Journal of biological chemistry, 35, 2007
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Schwarzenegger mice

�Myocytes transfection with IGF1 gene

�Enhancing muscle hypertrophy in resistance trained rats

�Controlled animal models

�HL Sweeney & al, Journal of Applied Physiology, 96, 3, 
1097-1104, 2004
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Muscle growth factors

Insulin Like Growth Factor 
(IGF1)

Lot of biotechnological 
companies

Recombinant IGF1
Phase III in muscular and tendinous 

healing

basic Fibroblast Growth 
Factor

(b-FGF)

Lot of biotechnological 
companies

Recombinant b-FGF
Phase III in muscular and tendinous 

healing

Platelet Derived Growth 
Factor 

(PDGF)

Lot of biotechnological 
companies

PDGF recombinant 
Phase II in muscular and tendinous 
healing and angiologic dévelopment

Vascular Endothelial cell 
Growth Factor

(VEGF)

Lot of biotechnological 
companies

Recombinant VEGF
Phase II in muscular and tendinous 
healing and angiologic dévelopment
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Belgian Blue Bull 
« double muscled «

�Truncated ineffective form of myostatin

�Increasing of muscle growth and decreasing of fat 
deposition

�Similar natural human mutation : M Schueke & al, NEJM, 
350, 2004
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Mighty mice

�Transgenic mice with a truncated form of myostatin

�Increasing muscle mass and strenght

�Controlled animal models

�ST Lee & al, PNAS, 98, 2002

« Myostatin inhibition : therapeutic target for the treatment of 
muscle disorders »
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Myostatin inhibitors (1)

�Myostatin monoclonal antibodies

�Myostatin receptor-blocking monoclonal antibodies

�Myostatin receptor-blocking fusion protein

Clinical studies : phases I, II, III
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Myostatin inhibitors (2)

AMG 745 (Amgen)

�Myostatin peptibody

(fusion protein of Ig and antagonist)

�Cancer cachexia

Clinical studies : phases I, II
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Other muscle gene therapies

�Active form of calcineurin : increasing slow muscle fibers

�Activating 2B myosin gene dormant in humans : change 
slow fiber to fast

« Unlike systemic drugs gene therapy allows key muscle 
subgroups to be targeted based on the biomechanics of a 
given sport »
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EPO gene therapies

Introduction of gene encoding EPO in muscle cells of mice or

monkeys.

Important increasing of hematocrits > 80%

Not controlled animal models (macaques)

�autoimmune response to transgenic EPO and severe 
anemia

Negative unexpected side effects
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Natural somatic mutations of genes 
involved in the regulation of erythropoiesis

Gene therapy models

�Eero Mantyranta : truncated EPO receptor (SH-PTP1 
enzyme mutation)

�Rutger Beke : mutated PHD2 protein (hydroxylating of 
HIF-1 α less efficient)

Natural increasing of red cells

Controlled animal models : transgenic mice with these 2

mutated genes
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� EPO

� ALAS

� Transferrin

� NOsynthase

FG2216 HIF-PH

HIF – PH inhibitor

FibroGen FG-2216

(oral taking)

Phase I

HIFα



Stem cells

� Embryonic stem cells
10 days embryo

→ blastocyst : inner cell mass

� Embryonic germ cells
5 - 9 weeks fœtus

� Cord blood stem cells
→ bone marrow graft

� Adult stem cells
- bone marrow stem cells

- mesenchymal stem cells

- other tissue stem cells

→muscle, skin, CNS, liver, kidney, pancreas, heart, fat 
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Cell  therapies for sporting use

� Cartilage

Controlled culture of chondrocytes (ASC)

> industrial phase : Genzyme 

� Tendon

Culture of tenocytes in progress ( ASC)

> phase III

� Muscle

Culture of myocytes in progress (ASC, mesenchymal SC and ESC)

> phases I and II in myocardial implantation

> phase I and II in muscular repairing

« Multiple Origin of stem cells : ASC, cord blood SC, bone marrow SC, 
mesenchymal SC and ESC »
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Induced Pluripotent Stem Cells
(IPS)

Takahashi K, Yamanaka S. Induction of Pluripotent Stem Cells from 
Mouse Embryonic and Adult Fibroblast Cultures by Defined Factors. 
Cell 2006; 126 : 663-76

Takahashi K, Tanabe K, Ohnuki M et al. Induction of Pluripotent 
Stem Cells from Adult Human Fibroblasts by Defined Factors. Cell 
2007; 131 : 861-72
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Gene and cell therapy in sport

�Gene and cell doping

« non therapeutic use of cells, genes, genetic elements that 
have the capacity to enhance athletic performance »

WADA. World anti-doping code. 2005

�Gene and cell in sport injuries

« treatment of various sports-related injuries including 
muscle, ligament, tendon, cartilage and bone »

What exactly is non therapeutic?
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Natural or Transgenic Advantage

�90 human genes or chromosomal locations associated with 
athletic peformance

� maximizing oxygen uptake

� heart efficiency

� power output

� endurance

� other traits

�Scanning athletes’ genomes to discover super champions

� Transfer of a « sport » gene to build super champions
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Gene and cell therapy in sport

« Repairing or Doping »

� Animal models � human athletes

� Gene and cell doping to improve athletic performance of

human athletes

� In animal sports gene and cell doping may applied too 
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