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CO JE GENOVY DOPING?

Pouzitie technik génovej terapie za ucelom zvysenia sportoveho vykonu

e 1998 — prof. Lee Sweeney sa spolupodielal na publikacii o proteine IGF-I (zvySuje rast
svalov)

. e Vlozenie prebytocnych kopii IGF-I1 génu do mysSich nbh
e Zvysenie sily 0 27%
e ZvacSenie objemu svalov 0 19%

,Swarzenegger” mysi

To pritiahlo zaujem Sportovcov



2004

2004 - Ronald Evans studia

e Extra kopie génu kodujuceho PPAR-delta (fat-burning protein)

Mysi dokazali odbehnut 2x vaésiu vzdialenost ako , kontrolné”

»,maratonske mysi“



2020

2020 — oficialny pripad génového dopingu zatial nebol zaznamenany

To neznamena, ze o to nie je zaujem

e 2004 — Thomas Springstein (byvaly nemecky atleticky tréner) — zatknuty za poddvanie vykon
zvysujucich latok maloletym

e Pri domovej prehliadky policia nasla kompromitujuci email

,Je tazké zohnat novy Repoxygen. Prosim posli mi instrukcie ako sa k nemu dostat este do Vianoc.”




Gene doping

Repoxygen is a new way to artificially enhance an athlete's performance — one
that is hard to detect and with potentially permanent effects

How it works

Rapoxyren was developad as a gene therapy treatrment for severa anemia,
Apatient is injectod with a harmiess virus carrying a medificd gone that encocdes
arythropoletin, a pratein that baosts red blcad cell praduction. The host's cells can
translate that gene nto active proteins as i the foreian gene were the calls own.

0 Delivery
DNA packagad in avirus is injected into the athlete
and fiows thrauph the blogdstream into muscle,
Danger: Altered viruses can trigger cangerous
reactions from the immune system.
Alternatives: \ruses ara not the enly way to
deiver mnormnce-enhancinmencs to
cells. Fat mokzcules or naked DNA can
be njected directly into muscle. y

9 Change
Virusas bind to muscle .\4,
cells and depasit the foreign >
gene Insice, where it ntegrates o M& o
nto the cell's chramosemes. \‘\
The gene stimulates the “
production of the protein
arythropoletin (EPO).

Danger: Inserting foreign DNA can
damage the cell's own genes, risking cancer.
Detection: Fresanca of a foreign gene in the
athlete’s ONA

Other gene doping possibilities

B In1988 H.Lee Sweenzy and colleagues M In 2004, Rona'd Evans and colleagues
at tha University of Pennsylvania Scheol at California’s Salk Institute for Biokogical
of Medicing injected mice with a virus Sludigs engineered mice Lo have extea
carrying a gene that boosted production of — copies of the gene encoding 3 protén
insulin-growth facter 1 (IGF-1). Tha injected  called paroxisome proliferator-activated
mice had 13% mare muscle mass than recepter delta (PPAR-delia). These mice
unireated mice. could run lwice as lar as unaltered mice.

SOWRCE: Findng the Bzdee Conas, Patrick Sy waw scinterevsang.

@ Enhancement
Extra red blood cells
flow throughout
the athlete’s body,
increasing oxygen
capacity and, hence,
endurance.

9 Dispersal
Erythrepoiatin (EPQ), preduced by the altered muscle cells, flows
through the bloodstream to bone marrow, stimulating production
of red bleog cells, the body's main transporter of oxygen.
Detection: Changes n the concentraticn of multiple proteins in
tha blaod or urine.

SUSIE MAN/ SUK NECrA



Anémia

Zvysenie
cervenych
krviniek

Sportovci
— zvySenie
vykonu?

- - MORGAN SPORTS LAW

Thomas Springstein
Who: former coach at the German Athletics Association, and now
reportedly a personal trainer.

Criminal conviction: supplying drugs to unwitting young runners -
allegedly including one of Germany's best female hurdlers, Anne-
Kathrin Elbe, who was 16 at the time. She reportedly said that
Springstein had described the drugs as "vitamins". Springstein
received a 16-month suspended jail sentence.

On Repoxygen - a gene therapy product: he said, according
to an email seized in a police raid: "The new Repoxygen is
hard to get. Please give me new instructions soon so that |
can order the product before Christmas.”



VYSKUM GENOVEJ TERAPIE

MORGAN SPORTS LAW
Professor Lee Sweeney
Who: Professor at the University of Florida, with research interests including gene transfer into
muscle, and muscle injury and disease. Also a member of the World Anti-Doping Agency's
Gene and Cell Doping Expert Group.

Sportovci

On athletes requesting gene doping services: "No matter what | say to

them about [gene doping] being dangerous and experimental, it doesn't

| slow them down - they just keep pushing, saying, "I want to be the guinea

'~.‘ pig. | want to be the first person you try this on.’ | kindly just say, look, it's
' not possible, | can'tdo it."

Vyskum
génovej
terapie

On detection methods: "I personally think | can prove [to the World
- Anti-Doping Agency], if they really want the challenge, that | can dope
% _ : "@ dogs and they will never figure out which dogs were doped unless they
) '§ take tissue biopsies..."

,,Sucast
vyskumu*




Zvysenie vydrze, fyzickej sily, redistribucia
tukov, zvysenie svalovej hmoty

Kontrola distribucie kyslika do tkaniv,
reguldcia/rast/regeneracia svalov

Manazment bolesti (endorfiny, enkefaliny)



GENOVA TERAPIA

19 schvalenych génovych terapii

17 schvalenych RNA terapii

56 negeneticky modifikovanych bunkovych

terapii




Nukleové kyseliny alebo ich analogy.

e Uprava gendmovej sekvencie
e /mena génovej expresie

e Uprava génov

e Silencing”

e Génovy transfer




AKO FUNGUJE GENOVA EXPRESIA

Simplified depiction of gene expression in a cell resulting in the production of proteins such
as EPO and IGF-1

/ Gene switched Gene sequence \
-ofr

Gene switched “on”

| |

x Gene sequence is

I ronscribed into
“RNA transcript”.

\ \ CELL NUCLEUS j

RNA transcript exits cell nucleus and enters cell cytoplasmx

Cellular machinery reads the RNA | CELL CYTOPLASM

transcript and puts together a » >

corresponding sequence of amino acids ( ® Amino acids

(the building blocks of proteins) to form

a protein such as EPO or IGF-1. Protein formation o o MORGAN %ronTs LAW




GENOVY DOPING AKO ZNEUZITIE GENOVEJ TERAPIE

Génova terapia Génovy doping?

Genetické metody

iral New Wiral
DHNA Gene DHA

DALTDARN.

%50, @ Modified DNA injected
’ into vector

Vector binds to
cell membrane

Vector injects new
gene into nuclaus

~ Vesicle breaks |
- down releasing

apy using
virus vector



GENOVY DOPING

Urover somatickych buniek — zatial...

Virusy ako vektor

Na co to je dobré (zlé) ?

e EPO

e IGF-1

e VEGFA

e GH

e HIFs

e PRARdelta
e myostatin




Simplified depiction of how gene doping might work using a viral vector E P O
Large amounts (possibly

trillions) of viral vectors, .
containing additional *
copies of the relevant

¢ e, QEC
P

gene, would be injected / ~ Viral vectors enter a
into or near to the target | e ) cell and travel to the
tissue, \ J cell nucleus.
\\ /
-
/ CELL CYTOPLASM \ \
Viral vectors insert
-——- o
" additional gene
' pr— copies into cell
\ x nucleus.
/-'
;- "\" CELL
; NUCLEUS
Additional gene results in Original gene
additional RNA transcripts. transcribed as usual.
S — e J
L s
Increased amounts of transcript
result in increased amounts of
production of the relevant protein
: ; [E———] | ]
using the same mechanism as —» , —+ - —

previously described. ( B f’ .
MORGAN LPONTE LAW

Zvysuje mnozstvo Cervenych krviniek

(hormon)

Krvinky prenasaju kyslik do svalov

Administracia — priamo injekciou

Resp. dalSie kdpie génu (opice)

Nadexpresia EPO génu

Vysledok: zvysenie mnozstva Cervenych
krviniek o 50% pocas 6 mesiacov



Simplified depiction of how gene doping might work using CRISPR technology

IG F Zvysenie expresie génu

Scientists create a specific genetic sequence called a “"guide”, which | FOE . o 7 .
matches the “target DNA® region where they want toinsert new DNA, l m Od Ifl ka Ciou
The guide is attached to a cutting protein that acts like a pair of | GUIDE + CUTTING PROTEIN |
scissors that cut DNA.
/ 7V V4 0 V4
Y Zvysena produkcia proteinu
insertion, chosen to enhance
The guide and cutting protein are delivered into the the expression of a "useful®
cell nucleus, along with the new DMA sequence. [ gene.
o mewomna

// Nekdédujuca ¢ast gendmu
CELL CYTOPLASM ’ . Jé
\ nahradena sekvenciou DNA, ktora
The guide seeks out the matching target CELL NUCLEUS v . , v
\ zvysi expresiu IGF-I génu (mys)

DNA, allowing the cutting protein tocut
the DNA at the target site,

[ 0 |

| | O\ﬂ_: v Zvysenia produkcia IGF-I
TargetDNA /

Using the cell's own repair mechanisms, the
new DNA is added into the gap.

Svalova hypertrofia

The cell now has the new DNA incorporated into its

existing DNA, and so the useful gene is now switched
\ T | O on more of the time due to the code of the new DNA.




,EXpresia,
ktora
,Skodi“

Odstranenie génu alebo znizenie expresie (gene silencing)

Znizena produkcia proteinu

Myostatin — negativny regulator svalového rastu

Znizena hladina myostatinu = zvyseny objem svalstva

Mys: vystrihnutie a degradacia RNA transkriptu — znizené
mnozstvo myostatinu a 0 20% zvacsena plocha svalov



MYOSTATIN

MSTN gén . mutacia

I» . hypertrofia

Zdravy Sportovec
Blok myostatinu
Narast svalovej hmoty

...bohuzial, sila chyba




A MAME PROBLEM

1. Virusovy vektor

® Prehnand imunitna reakcia
® 1999-dobrovolnik s tak prehnanou imunitnou reakciou — zlyhanie organov — az smrt
e EPO studia — opice po vstreknuti EPO génu ziskali vdznu anémiu

2. ,Necieleny” ucinok

e Zmena génu, ktory nebol cielovym miestom
e Proliferacia rakovinovych buniek
* Ina zmena zakladnych bunkovych funkcii

3. Zvysena alebo zniZzena expresia génov suvisiacich so Sportovym vykonom

e Nadexpresia EPO génu zvysuje viskozitu krvi a zabranit prirodzenému toku krvi

e ZniZzenda expresia myostatinu suvisi so zva¢senim objemu svalstva a nedostato¢nou adaptaciou srdca —
riziko infarktu




DETEKCIA GENOVEHO DOPINGU

Priama alebo nepriama detekcia

e Vektory, alterované gény/bunky, funkéné zmeny

Tkanivovo-specificka vs systémova detekcia

R
Metodoloiga a vybavenie




PRIAMA DETEKCIA

Transgénova detekcia

e PCR metody

Detekcia viralnych nosicov alebo nanocasticovych vektorov

e Detekcia vektora
e Odpoved imunitného systému

Gene and proteomic profiling

Detekcia editovania génov







