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Advances and strategies in gene doping detection

HE Jiangang LIU Zhen LIU Jing DOU Peng CHEN Hong-Yuan
Key Lab of Analytical Chemistry for Life Science Ministry of Education School of Chemistry
and Chemical Engineering Nanjing University Nanjing 210093 China

Abstract This review surveys the recent status of gene doping detection and the strategies for
anti-gene doping. The main gene doping candidates for athletes are summarized and the ad-
vances in the detection of the proteins expressed by these genes such as erythropoietin EPO
and human growth hormone hGH are reviewed. The potential detection strategies for further
gene doping analysis are also discussed.

Key words gene doping recombinant proteins detection review

2008
2003 I0C WADA
20 50
WADA 1999 11 10 WADA :
THG tetrahydrogestrinone
3
THG
1989
rhEPO 1990 WA-
DA I0OC rhEPO 2000
10
WADA
2008
“ ” 2
2008-01-05

. Tel 025 83685639 E-mail zhenliu@ nju. edu. cn
. Tel 025 83594862 E-mail hychen@ nju. edu. cn.
No. 20635002 No. 20675038



4 . 403

EPO hGH 1
-I IGF-I
8 peroxisome proliferators-activated receptor
5 PPAR 6 myostatin
MSTN HIF
EPO 3-6
IGF-1 70 78
hGH 9
PPAR § 10
Myostatin 110 11
1.1 EPO 1.2 hGH
EPO GH
165 191
M, 34 000 M, 18000 M, 21700 pl 4.9 53
M, M 40% 3 N- 165 182 189
Asp24 Asp38 Asp83 "
O- Serl126
”  EPO
rhEPO
1989  rhEPO
rhEPO
120 d
7% Voutetakis °~ 2 AAV2
GH
GH 1084 +102 pg/mL
rhEPO GH 151.5 +17.3 pg/mL
4
rhEPO 1.3 IGF-1
Sweeney "
AAV
20 90 IGF-1 AAV-IGF-I
15% ~30%
rhEPO
1997 Svensson '  EPO AAV-IGF-I
AAV-IGF-I
EPO 49% 8
81% 12 2
1
AAV-IGF-I
15%
Sweeney AAV-IGF-I



404- 26
rhEPO EPO
1.4 PPAR S EPO rhEPO
Wang '° PPARS 2
rhEPO
EPO 2000
Lasne -
- rhEPO EPO
rhEPO
EPO
67% 92% EPO EPO
1 a
EPO b EPO-8 C EPO-a d
1.5 Myostatin rhEPO e f rhEPO
Myostatin GDF-8 growth differen- g h 1998
tiation factor 8 1999 2000 Lasne
Myostatin :
' Myostatin —— =
1.6

hypoxia-inducible

transcription factor HIF1
HIF1
15
2000 29
2001 71 "
2
EPO hGH
2.1 EPO
EPO
EPO rhEPO

1 EPO v
Fig. 1 Autoradiograph of isoelectric patterns of

exogenous and endogenous EPO V7
Images were obtained by chemiluminescent immunodetec-
tion of blotted EPO after isoelectric focusing. a. purified com-
mercial human urinary natural EPO Sigma b. recombinant
EPO-B

Eprex France

Neorecormon France c. recombinant EPO-«
d. urine sample from a control subject e
f. urine samples from two patients treated with Neorecormon
for post-haemorrhagic anaemia g h. urine samples from two

cyclists from Tour de France 1998 samples concentrated by

ultrafiltration .
Frutos " CZE
EPO
rhEPO rhEPO EPO
CZE rhEPO
Lasne WADA
180 72 h

EPO %



4 - 405-
EPO RIA GH
- CIEF-WCID
rhEPO 5 min EPO cpm
ELISA
hGH
rhEPO e Hct ELISA hGH TRIFMA
reticulocytes macro- hGH mAb
cytes EPO Hb hGH
sTfr “ ON” “ OFF” Eu’”
“ ON” hGH mAb
rhEPO “ OFF” GH
rhEPO “ ON” GH
9.74 EPO rhGH
6.62 EPO
19. 4 sTfr GH rhGH M,
“ OFF” 60 22 000 * rhGH GH
50 M, 22000 GH GH
7 EPO rhGH 0
2 o IGF-1
IGFBPs
hGH hGH
2000 IGF-1 IGFBPs hGH
rhEPO IGF-I  IG-
5 FBPs IGF-I
“ ON” “ OFF” 89.5 h” IGF-I hGH
hGH
“ ON” IEF rhEPO hGH
“ OFF” IGF-I 2
WADA 2004
? rhGH !
2.2 hGH
GH M, M, 3
22 000 20000 17 500 M, GH
GH 15 min
GH
0.01% GH
GH
GH
hGH 3.1
hGH
hGH RIA
ELISA
TRIFMA 24 Lasne *  EPO



406-

26

EPO
EPO EPO
EPO
3.2
34
3.3 DNA
DNA
DNA
2
3.4 DNA
DNA
PCR
34
3.5
35
4
WADA
WADA

12
13

15

16

17
18

19
20

21

22

23

World Anti-doping Agency. The 2008 prohibited list. 2007-
09-22 . http /www. wada-ama. org/rtecontent/document/
2008 _List_En. pdf

Azzazy H M E Mansour M M H. Analyst 2007 132 951
Svensson E C Black H B Dugger D L et al. Hum Gene
Ther 1997 8 1797

Zhou S Murphy J E Escobedo J A et al. Gene Ther
1998 5 665

Chenuaud P Larchet T Rabinowitz J E et al. Blood
2004 103 3303

Sebestyen M G Hegge J O Noble M A et al. Hum Gene
Ther 2007 18 269

Lee S Barton E R Sweeney H L et al. J Appl Physiol
2004 96 1097

de Francesco L. Nat Biotechnol 2004 22 1069
Voutetakis A BossisI Kok M R et al. J Endocrinol 2005
185 363

Wang Y X Zhang CL Yu R T etal PLoS Biol 2004 2
e294

Whittemore L A Song K Li X et al. Biochem Biophys
Res Commun 2003 300 965

Takeuchi M Kobata A. Glycobiology 1991 1 337

Mario T Wilhelm S. Current Proteomics 2005 2 191
Barton-Davis E R Shoturma D I Musaro A et al. Proc
Natl Acad Sci USA 1998 95 15603

Lippi G Guidi G C. Br J Sports Med 2004 38 641
Rankinen T Perusse L Rauramaa R. Med Sci Sports Ex-
erc 2002 34 1219

Lasne F de Ceaurriz J. Nature 2000 405 635

Frutos M Cifuentes A Diez-Masa J C. Electrophoresis
2003 24 678

Franke W W Heid H. Clin Chim Acta 2006 373 189
Dou P LiuZ HelJG etal. JChromatogr A 2008 1 190
372

Parisotto R Ashenden M J Gore CJ et al. Haematologi-
ca 2003 88 931

Parisotto R Gore CJ Emslie K R et al. Haematologica
2000 85 564

Kazlauskas R Howe C Trout G. Clin J Sport Med 2002



4 . 407

12 229 2001 305 1

Thomer M O Smith R G. Human growth hormone 30 Juul A Dalgaard P Blum W F et al. J Clin Endocrinol
research and clinical practice. Totowa Humana Press Metab 1995 80 2534

2000 31 Kraemer W J Aguilera BA Terada M et al. J Appl Physi-
Bidlingmaier M  Wu Z Strasburger C J. J Endocrinol ol 1995 79 1310

Invest 2003 26 924 32 Sartorio A Agosti F Marazzi N et al. Clin Endocrinol

Saugy M Robinson N Saudan C et al. Br J Sports Med 2004 61 487

2006 40 35 33 Lasne F Martin L de Ceaurriz J et al. Mol Ther 2004

McHugh CM Park RT Sonksen P H et al. Clin Chem 10 409

2005 51 1587 34 Hassan ME A Mai M HM Robert H C. Clin Biochem

Kniess A Ziegler E Kratzsch J et al. Anal Bioanal Chem 2005 38 959

2003 376 696 35 Play True An Official Publication of the World Anti-Doping
Palo E F Gatti R Lancerin F et al. Clin Chim Acta Agency Issue 1-2005

analytica China 2008

4
Antonius Kettrup Technische Universitat Miinchen
Elke Anklam
Albert Sickmann Gerhard Schratt
/
4
Ludwig Huber Labcompliance FDA
9 24 9 25
FDA
ISO 17025 . 1058
4Q
Excel
ISO FDA
CFR Part 11
*

Thermo Fisher PerkinElmer Sigma-Aldrich Buchi

http /www. a-c. cn





