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Abstract. The principal assumption of gene therapy is to achieve the therapeutic
effect by a gene transfer into definite cells. It can be carried out on the entire
organism (in vivo therapy) but also on collected cells, after their genetic
modification, are returned back to the patient (ex vivo therapy). The therapeutic
gene can be introduced using physical, chemical or biological methods. Vectors
used in gene therapy are DNA molecules to which, by means of covalent bonds, a
fragment of another DNA molecule can be joined and the entire unit can be
introduced into the cell of the recipient. In the case of bacteria, plasmids or
bacteriophages can serve as vectors, whereas in the case of eukaryotic cells, viral
vectors are applied, e.g. papilloma, SV40 (papovaviruse), vaccinia virus,
adenoviruses, retroviruses, baculloviruses etc. Genetic doping can be treated as a
“splinter” of gene therapy. The prediction is that it is quite possible that on the
next Olympic Games in 2008 the first genetically modified sportsmen can appear.
Many investigations are focused on the detection of genetic “doping”.

(Biol.Sport 24:325-338, 2007)
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Background

According to the prevailing opinion in sports circles, it is quite possible that as
early as during the next Olympic Games in 2008 in Beijing (Pekin), the first
genetically modified sportsmen can appear. Is it possible that such fears are fuelled
only by journalistic imagination and mass media? Alternatively, maybe, it is the
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realistic consequence of the introduction of genetic doping into sport arenas. In
order to prepare properly to this potential threat, it is necessary to understand what,
in fact, genetic doping is and what possibilities we have, here and now, of its
detection. The present study makes an attempt to explain that, if certain specific
conditions are fulfilled, there are real possibilities of detection and identification of
genetic doping. Genetic doping is a “splinter” of gene therapy and, therefore, a
considerable part of this article is devoted to it.

Gene therapy

Gene therapy is a relatively young medical discipline established together with
the development of molecular genetics. It arouses not only hope but also emotions
as well as strong controversy. In addition, it also raises a number of doubts and
questions and some of the principal issues, which are associated with this subject
concern:

1. safety,

selection of diseases,

applied methods,

introduction of genes into cells,

effectiveness of gene transfer,

. efficacy of the applied schedule of cell application containing the therapeutic
gene.

The principal assumption of gene therapy is the following: to achieve the
therapeutic effect by a gene transfer into definite cells.

A number of changes take place in the treated organism, some of which are
considerably unfavourable. It may also happen that these unfavourable changes
occur in genetic material and, consequently, the treated organism stops functioning
properly and there are, practically speaking, no possibilities of the automatic and
spontaneous repair of the damaged genetic material [7,14]. The developing product
of the mutated gene may be either incorrect or may not develop at all, which means
that gene expression does not take place. DNA damage may refer to a single or
many genes.

The basis for the gene transfer success comprises:

o the transfer of the therapeutic gene into the target cell,
e achievement of its stable expression.
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Fig. 1
An example of gene therapy application

Examples of diseases resulting from the damage (mutation) of one or many genes:

Disease Damage of a Damage of
single gene many genes
Mucoviscidosis + -
Haemophilia A and B + -
Severe combined immunodeficiency syndrome + -
(SCIDS)
Duchenne muscle dystrophy + -
Tumours - +
Atherosclerosis - +
Rheumatic diseases - +
Parkinson’s disease - +
Family hypercholesterolemia - +
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From the social point of view, gene therapy appears to raise the greatest hopes
in such areas as cancer and AIDS treatments.

History of gene therapy

The first successful experiment involving the transfer of the neomycin
resistance gene into tumour infiltrating lymphocytes (TIL) was performed nearly
15 years ago. The first clinical attempt involving gene therapy was carried out on
the 14" of September 1990 by Culver and his co-workers during an operation on
Ashanti deSilve, a 4-year old girl suffering from the severe combined
immunodeficiency syndrome (SCIDS), which is caused by the congenital
deficiency of the adenosine deaminase (ADA) [10]. The applied treatment involved
the transfer of the ADA gene into lymphocytes and, additionally, the patient was
given the adenosine deaminase enzyme in the polyethylene glycol. In this case, the
doctors applied the ex vitro therapy in which, first white blood cell were collected
from the patient and proper copies of the damaged gene were introduced
(transfected) into their nuclei and then the modified cells were re-introduced into
the blood stream. The applied therapy resulted in the normalisation of the major
parameters of the immunological response of both the cell and humoral types [3].
Understandably, the first successful application of the gene therapy significantly
increased hopes and expectations among both patients and medical circles.
However, it soon became clear that there was still a long way to go before
widespread and successful application of gene therapy could be implemented in
practice and considerable research in this field is still in progress. One of the
disappointing examples could be the failed attempt of gene therapy carried out on
the 18-year old Jessy Gelsinger who was suffering from a congenital malfunction
of his liver from early childhood. The applied dose of virus turned out too high for
the boy’s immunological system and his organism began to battle not only with the
virus but also with his liver, spleen and other internal organs leading to the death of
the young man four days later. Nevertheless, approximately 3000 patents
underwent some kind of gene therapy treatment during the period from 1990 to
2003.

Ex vivo and in vivo therapy:

Gene therapy can be carried out on the entire organism of the patient (in vivo
therapy) but also on cells collected from him/her [3,15], which, after their genetic
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modification, are returned back to the patient (ex vivo therapy) [17]. The technique
can be compared to the auto-transplantation of altered (transfected) cells.

Trait EXx vivo therapy In vivo therapy
Efficacy High Unknown
Length of survival and functioning of Unknown Unknown
genetically altered cells

In vitro cell culture - +

Gene transfer effectiveness High Low

Introduction of the therapeutic gene

The technique of the DNA introduction is chosen in relation to the type of the
transfected cells, the form of DNA and the expected form of expression. The
therapeutic gene can be introduced using physical, chemical or biological methods.

Physical methods rely on the mechanical disruption of the continuity of the cell
membranes of the target cells or amplification of their permeability by means of
regulating the amount and size of pores. The simplest method of gene introduction
is the injection of “naked” DNA. It is true that the direct injection of the plasmid
DNA into muscles results in the transgene expression, but this happens on a
relatively low level (cells take up about 1% of the applied dose). Earlier
administration of the hypertonic saccharose solution or compounds inducing
muscle regeneration enhances the efficiency of this method. If the expression of the
therapeutic gene is to occur in the entire organism, the plasmid DNA requires
protection against enzymatic degradation, e.g. cationic liposomes or polymers
poorly reacting with DNA, such as PVP (polyvinylpyrolidon), which increases the
transfer of the gene in the intramuscular injection 7 times [23].

The ballistic method utilises special guns to shoot in gold bullets wrapped in
molecules of plasmid DNA into the target tissue. Hence, it is possible to administer
the gene directly into the cell nucleus or cytoplasm without risking enzymatic
degeneration but, in this case, the penetration depth does not exceed 0.5 mm and
the expression disappears after 60 days. This method is particularly effective in
intradermal vaccinations [23].

The cell transformation due to the applied electroporation takes place thanks to
short electrical impulses of varying intensity, which lead to the higher permeability
of the cell membrane, opening of pores and the infiltration of the plasmid DNA
into the cell cytoplasm in accordance with the concentration gradient. The
electrical field facilitates the electrophoretic and electroosmotic transport of
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charged molecules such as DNA, across the membrane. In the case of the in vivo
electroporation of such tissue as skin, liver as well as muscles, the naked DNA
plasmid is injected interstitially, while electrical impulses are introduced by means
of a needle or an electrode. This treatment enhances gene expression up to 1000
times in comparison with the ordinary plasmid DNA injection without
electroporation. The in vivo optimisation of gene expression is affected by
electrical current parameters and they, in turn, depend on the target tissue and
should be determined empirically. In the case of muscle tissue, a weak (100-400
V/cm) electric field is sufficient [30,32].

In additions, other non-invasive physical methods are applied in various gene
therapies, among others, ultrasounds (1 min., 1 MHz, 25 W/cmz), which can
increase the expression level by about 10-15 times, electrosonoporation, infrared
lasers (smaller tissue damage than in electroporation), strong magnetic field
(plasmid on nanomolecules) [30].

The chemical methods of the introduction of DNA into cells consist in
facilitating its permeation through the cell membrane by means of endocytosis. For
this purpose, crystals of calcium phosphate in a complex with DNA or DEAE-
dextran are used (incubation with transfected cells in the culture medium with
introduced DNA), which stimulate non-specific endocytosis and counterbalance
the negative DNA charge. These methods are applied to study temporary
expression in vivo [32].

Biological methods employ: viral vectors, i.e. appropriately modified viruses,
which lost their reproductive capabilities in the cell but penetrate it easily and, once
inside, they interfere with the host genome and allow a temporary gene expression
or restitution as well as non-viral vectors, or the so called vectorless forms of DNA.
They include oligonucleotides or DNA fragments with promoters and regulatory
sequences. The place of the integration of such constructs is accidental.
Oligonucleotides are introduced into cells by way of diffusion via neutral pores of
the cell wall following their chemical modification protecting them against
degradation.

Still another method of DNA protection against degradation and, at the same
time, facilitating its transfer through the cell membrane is lipofection. Negatively
charged DNA is neutralised by closing it in a positively charged lipid compound
(lipofectins), which forms liposomes in aqueous environment. The addition to the
cell culture of complexes: DNA — liposome results in a spontaneous merger of the
liposome with the cell membrane and the liberation of DNA into the cytoplasm.
Lipofection does not limit the length of the introduced DNA fragment — as in the
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case of viruses — but it does not distinguish between cell membranes of different
cells (is non-specific) [32].

Vectors

Vectors are DNA molecules to which, by means of covalent bonds, a fragment
of another DNA molecule can be joined and the entire unit can be introduced into
the cell of the recipient. In the case of bacteria, plasmids or bacteriophages can
serve as vectors, whereas in the case of eukaryotic cells, viral vectors are applied,
e.g. papilloma, SV40 (papovaviruse), vaccinia virus, adenoviruses, retroviruses,
baculloviruses etc. Vector forms of DNA allow accomplishing temporary
expression of the introduced gene, the “knock out” effect or the restitution of the
gene thanks to various regulatory sequences placed in the vector (e.g. promoter,
enhancing transcription) and watching this effect thanks to reporter sequences.

The most common carriers of therapeutic genes are retroviruses, which are
RNA viruses utilising, in the course of their life cycle, reverse transcriptase, which
allows transcribing the RNA genome onto DNA. The viral DNA integrates with
the host genome both in cells, which divide themselves [27], and in those which do
not undergo divisions [16] and then it undergoes replication together with the host
genes. Retroviruses are strongly unstable and, therefore, are used mainly in ex vivo
therapy.

The integration mechanism of the virus with the host genome has not been fully
recognised yet. However, it emphasises the fact that the random integration with
the host genome can have influence on differences in the level of the transgene
expression in different cells as well as on the transgene stability itself. The
involved high risk concerns the fact that the random incorporation with the host
genome may result in a malfunction of some genes, in particular those, which are
situated in the incorporation region of the transgene, which may lead to
mutagenesis. Nevertheless, the persistent expression, a simple genome easy for
rearrangements as well as the relatively big capacity of the capsid (of the order of
10 kb (of the order of 10 kb) both affect the observed considerable application of
retroviruses in gene therapy [25,31].

On the other hand, adenoviruses (circular viruses infecting many species of
mammals, of which some are oncogenic viruses), due to their strong tropism to
epithelial cells as well as to muscle and neuron cells, are used on a large scale
mainly in the therapy of the breathing system, e.g., mucoviscidosis [2,9]. When
used in the muscle gene therapy, they are applied, primarily, because of their
efficient infusion into muscle cells, ease of propagation in large quantities, a
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relatively high capsid content of the order of 8 kb, infection of non-dividing cells
as well as the high level of expression [11]. One of the biggest limitations of the
application of retroviruses is the strong immunological response of the organism
they invoke directed not only against the virus itself but also against cells infected
with the virus, which can lead to the damage of transduced cells. A mild
immunological response was observed only in young individuals with a poorly
developed immunological system [28]. For this reason, adenoviral vectors are
modified by removing from them genes, which code strongly immunogenic
proteins. In addition, adenoviruses are characterised by a complicated genome,
which does not integrate with the host genome and the obtained expression is
temporary and persists only for one year [25]. The temporary character of the
transgene expression in the adenoviral vector makes them more useful in tumour
treatments, where a long-term expression of the therapeutic gene is not necessary.

Table 1
Comparison of two main vectors applied in gene therapy

Trait Retroviruses Adenoviruses

Stability Low High

Constraints Induction of the
immunological response

Expression of the Persistent Frequently temporary

therapeutic gene

Incorporation (incorporation Frequently Is not incorporated into the

into the patient’s DNA random patient’s chromosomes

The table below compares two of the most important vectors of therapeutic
genes namely retroviruses and adenoviruses.

Promising investigations are being carried out employing adeno-associated
viruses (AAV). They belong to a group of uncoated human viruses, whose genome
is made up of a single-stranded DNA. A relatively small genome can contain the
entire exogenous DNA of the magnitude of about 4.5 kb. AAVs accompany adeno-
and herpesviruses in the course of infection, although they are not pathogenic
themselves [25]. They exhibit very weak immunogenicity, which appears to be
associated only with the presence of the transgene [31]. They infect a wide range of
cells, both young and old, also those, which do not divide. They are capable of
incorporating into the host genome, although a random place of incorporation can
interfere with the proper functioning of cells [19]. These vectors were found to
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survive in healthy muscles for a long time [25], which, when combined with their
other advantages, including the ease with which these vectors can be prepared,
encourages further investigations of the possibilities of AAV utilisation in muscle
gene therapy.

Expression regulation

Genes can undergo expression in almost any cell (the so called ‘housekeeping’
genes) or only in cells of specific tissues, in which case we talk about the tissue-
specific expression. A similar situation occurs in the case of transgenes used in
gene therapy. The introduced transgene can undergo expression either in all or only
in certain cells. From this point of view, the control of gene expression of
introduced genes becomes important. It can be regulated both non-specifically and
specifically, depending on the presence of definite promoters or enhancers [24]. In
the case of the non-specific expression, the housekeeping type elements ensure the
expression in the majority of cells. In this case, the expression control, at this stage,
is practically impossible and its magnitude will depend on: a/ the number of copies
of the introduced therapeutic gene and b/ cell activity. Practically, it is possible to
achieve the control over the expression regulation only in the result of a deliberate
application of tissue-specific promoters, which will trigger off the expression of the
introduced gene only in the target tissue without possibility of inactivation of the
transgene in cells other than the target ones.

Target cells in gene therapy

The following types of cells fall within the range of interest of gene therapy:
glial cells, astrocytes, oligodendrocytes, Schwann cells, neuronal embryo cells,
fibroblasts, mioblasts [4,13]. There is no doubt that, in comparison with the patient
who is suffering in the result of one defective gene, it is much more difficult to
apply gene therapy in patients who are suffering from diseases in which many
genes are damaged, as is the case in tumours.

The main hazard for the organism concerns the fact that if a gene, for example
one causing the growth of skeletal muscles, reaches the heart muscle, it will cause
its hypertrophy. This, in turn, may result even in the death of the organism. Such
dangers are numerous and it is necessary to speak loud about them, especially now,
in the period when genetic doping is becoming increasingly popular among
sportsmen and sportswomen.
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Genetic doping

A bizarre competition has been going on for years now between sportsmen
using doping and scientists trying to expose this practice in order to allow young
men and women to compete with one another along clean and clear sporting
criteria. Scientists’ efforts aiming at the identification of banned doping
compounds in sportsmen’s organisms resulted in a considerable expansion of
possibilities of analytical investigations. Recent technological advances, amongst
others, the development of liquid and gas chromatography, have significantly
contributed to the fact that the number of the so called undetectable doping agents
has been dramatically reduced [8]. There is far more information indicating that the
known doping compounds harmful to health and easy to detect are being
abandoned. They will be probably replaced by genetic doping, which is far more
effective but more difficult to detect.

Genetic engineering is a branch of science, which has been developing
dynamically in recent years. It is generally believed that in several years, scientists
will be in a position to interfere in genes at will. Gene therapy will be applied in the
treatment of a number of diseases, prevention of aging processes and also, quite
probably, in sport.

Sportsmen and sportswomen have already successfully tried out new drugs,
which could be useful in breaking records. This is how erythropoietin (EPO) found
its way into sport and became the most popular doping agent of 1990s. This is a
hormonal drug manufactured biotechnologically and useful in the treatment of
anaemia, cancer, AIDS. It improves the supply of various organs in oxygen, which
is achieved by increasing the bulk of erythrocytes; hence, its use also improves
physical fitness [12,18]. The effect of erythropoietin administration appears already
after 3 days and persists for up to 4 weeks. The administration of the EPO in cases
therapeutically unwarranted poses a serious hazard to health and even life. The
increase of the hematocrit results in the increase of blood viscosity, which slows
down the blood flow, creates conditions for the development of intravascular clots,
and may also lead to the increase of blood pressure. This results in disturbances of
the blood supply to the brain. The developing thrombin can lead to pulmonary
embolisms, cardiac infarctions or cerebral strokes. It appears that sportsmen are
especially exposed to the occurrence of this type of reaction following
erythropoietin administration because, following a long-term effort, their blood has
already undergone thickening in the result of water loss [29]. The application of
erythropoietin has already resulted in a number of deaths, especially among
cyclists.
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For a long time, the EPO has been difficult to detect, using traditional anti-
doping tests because, after its injection, its level goes back to normal very rapidly
(4 to 7 days). However, at the present time, there are no longer obstacles to detect it
in blood or urine. Therefore, for sportsmen who want to break records or reach the
best sport results, it will be an ideal solution if stimulating substances were
manufactured in their organisms themselves.

Recently scientists located genes responsible for the production of
erythropoietin. Therefore, it will soon be possible to enhance the efficiency of the
human organism in the result of genetic modification. The effectiveness of this
kind of manipulation has already been confirmed on animals. It was found that the
increased quantity of red blood cells remained unchanged for 20-30 weeks
following the introduction into monkey muscles of the gene responsible for the
production of erythropoietin [26]. However, it should be remembered that the
introduced gene can undergo an uncontrolled expression and the organism will
begin manufacturing excessive quantities of red blood cells, which may result in
fatal complications.

Investigations are also being conducted which employ various growth factors,
such as: the growth hormone, insulin-like growth factor (IGF-1) as well as vascular
endothelium growth factor (VEGF). The applied growth hormone can affect tissues
either directly or indirectly. The direct influence occurs by the stimulation of the
production of the insulin-like growth factor IGF-1 and IGF-2. These factors are
synthesised in the liver and other tissues. The IGF-1 enhances the transport of
amino acids to cells and protein synthesis, consequently leads to the increase of
muscle weight. The direct influence of the growth hormone includes: the fat tissue
in which it increases lipolysis, the muscle of skeletal muscles where it inhibits
glucose transport into cells and the liver in which it intensifies glucose production.
The secretion of the growth hormone changes in individual periods of our lives. Its
highest values are achieved during the period of adolescence, while in adult
individuals, the secretion of this hormone decreases gradually [6].

Scientists from a University in Pennsylvania, administered mice the gene that
codes the insulin-like growth factor IGF-1. They achieved it with the assistance of
an adenovirus penetrating into the muscle cell cytoplasm. It was found that the
increase of muscles in the feet of young individuals improved by 15-20%, which
was not observed in adult individuals. It should be stressed, however, that the
muscle weight in the latter group stopped diminishing. With the passage of time, it
was greater than in mice from the same age group, but which were not given the
IGF-1 gene [1].
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The physical effort capacity of sportsmen depends, among others, on the supply
of oxygen to muscles. Improved vascularisation of muscles is of significant
physiological importance as a factor, which increases the oxygen consumption by
muscles. In addition, this also leads to the increased availability of energetic
substrates. It was demonstrated that several-week long endurance training
increased the amount of capillaries in muscle even by 30 to 40% [5]. However,
once the training is discontinued, this condition persists only for a few weeks.

Similar effects can be achieved following the transfer of the VEGF by a virus.
These types of investigations were performed for therapeutic purposes on patients
after cardiac infarctions and suffering from the atherosclerosis of peripheral
vessels. The transfer of the gene resulted in the intensification of angiogenesis.
However, fears have been expressed that vessels will develop without any clear
purpose. The administration of the growth factor may result in the development of
a tumour because cells, which normally would not divide, begin to do so.

Results of scientific research indicate that it will soon be possible to genetically
tailor, customise or condition a sportsman/sportswoman to the sport discipline he
or she goes in for (World of Science). Basically, there are two kinds of cells in
human muscles: rapidly- contracting ones (responsible for speed) and slowly
contractile (affecting endurance). The speed of development of the maximum
muscle stress is determined by the type of myosin. Nuclei of muscle cells contain
the genetic material, which allows synthesising any kind of myosin and, whether
the rapidly- or slowly-contracting muscle cell is actually developed depends on
which type of gene expression actually takes place.

The performed studies indicate that sprinters have a different setup of gene than
long-distance runners. In addition, in sprinters researchers found larger quantities
of the enzyme called angiotensin convertase — ACE [21,22]. Scientists have
successfully isolated the gene responsible for the synthesis of ACE. Therefore, it
can be assumed that following the introduction of these genes, it will be possible to
alter the composition of muscles and to manufacture any quantity of rapid or slow
fibres [20]. All this has been made possible thanks to gene therapy and methods
worked out in the course of experiments on mice, rats or other animals.
Unfortunately, it is to be feared that the application of genetic doping will also
allow “breeding” of genetically improved sports-men and women with whom
sportsmen and sportswomen who refuse to undergo genetic modification will find
difficult to compete.



Gene therapy, genetic doping 337
Biol.Sport 24(4), 2007

References

1. Barton-Davis E.R., D.J.Shoturma, A.Musaro, N.Rosenthal, H.Lee-Sweeney (1998)
Viral mediated expression of insulin-like growth factor | blocks the aging-related loss of
skeletal. PNAS 95:15603-15607

2. Bellon G., L.Michel-Calemard (1997) Aerosol administration of a recombinant
adenovirus expressing CFTR to cystic fibrosis patients; a phase | clinical trial.
Hum.Gen.Ther. 8:15-25

3. Blease RM., KW.Culver, AD.Miller, C.S.Carter, T.Fleisher, M.Clerici, G.Shearer,
L.Chang, W.Chiang, P.Tolstshev, J.J.Greenblatt, S.A.Rosenberg, H.Klein, M.Berger,
C.A.Mullen, W.J.Ramsey, L.Muul, R.A.Morgan, W.F.Anderson (1995) T lymphocyte-
directed gene therapy for ADA-SCID: initial trial results after 4 years. Science 270:475-480

4. Blomer U., L.Naldini, 1.M.Verma (1996) Application of gene therapy to the CNS
Hum.Mol.Genet. 5:1397-1404

5. Brodal P., F.Ingjer, L.Hermansen (1977) Capillary supply of skeletal muscle fibers
in untrained endurance-trained men. Am.J.Physiol. 232:H705-712

6. Brook Ch., N.Marshall (2000) Podstawy endokrynologii. Urban and Partner,
Wroctaw

7. Cao C,, Y.L.Jiang, J.T.Stivers, F.Song (2004) Dynamic opening of DNA during the
enzymatic search for a damaged base. Nat.Struct.Mol.Biol. (in press)

8. Chrostowski K. (2002) Postgpy diagnostyki antydopingowej. Sport Wyczyn.
1/2:5-15

9. Crystal R., M.McElvaney, M.Rosenfeld, C.Chu, A.Mastrangeli, J.Hay, S.Brody,
H.Jaffe, N.Eissa, C.Danel (1994) Administration of an Adenovirus containing the human
CFTR cDNA to the respiratory tract of individuals with cystic fibrosis. Nat.Genet. 8:42-50

10. Culver K., F.Anderson, R.Blease (1991) Lymphocyte gene therapy.
Hum.Gene.Ther. 2:107-109

11. DelloRusso Ch., J.M.Scott, D.Hartigan-O’Connor, G.Salvatori, C.Barjot,
A.S.Robinson, R.W.Crawford, S.V.Brooks, J.S.Chamberlain (2002) Functional correction
of adult mdx mouse muscle using gutted adenoviral vectors expressing full-length
dystrophin. Proc.Natl.Acad. Sci.USA 99:12979-12984

12. Ekblom B., B.Berglund (1991) Effect of erythropoietin administration on maximal
aerobic power. Scan.J.Med.Sci.Sports 1:88-93

13. Friedmann T. (1994) Gene therapy for neurological disorders. Trends Genet.
10:210-214

14. Giannattasio M, F.Lazzaro, W.Siede, E.Nunes, P.Plevani, M.Muzi-Falconi (2004)
DNA decay and limited Rad53 activation after liquid holding of UV-treated nucleotide
excision repair deficient S. cerevisiae cells. DNA Repair (Amst.) 12:1591-1599

15. Grossmann M., S.Raper, K.Kozarsky, E.Stein, J.Engelhardt, D.Muller, P.Lupien,
J.Wilson (1994) Successful ex vivo gene therapy directed to liver in a patient vwith familial
hypercholesterolemia. Nat.Genet. 6:335-341



338 P. Gronek et al.
Biol.Sport 24(4), 2007

16. Haubrich R., J.A.McCutchan. Sponsor: Viagen Inc. (1995) An open-label, phase I/11
clinical trial to evaluate the safety and biological activity of HIV-IT (V) (HIV-1 llIBenv/rev
retroviral vector) in HIV-1-infected subject. Hum.Gene Ther.6:941-955

17. Hoogerbrugge PM, D.Valerio, R.J.Levinsky, M.Harvey, A.Moseley, Ch.Skeoch,
L.D.Fairbanks, B.Gaspar, G.Morgan, J.L.Perignon, F.Le Deist, M.Debree, A.Fischer,
V.W.Van Beuschem (1996) Bone marrow gene transfer in three patients with adenosine
deaminase deficiency. Gene Ther. 3:179-183

18. Jelkmann W., E.Metzen (1996) Erytropoietin in the control of red cell production.
Ann.Anat. 178:391-403

19. Lieber A., D.S.Steinwaerder, Ch.A.Carlson, M.A.Kay (1999) Integrating
adenovirus-adeno-associated virus hybrid vectors devoid of all viral genes. J.Virol.
76:9314-9324

20. Lin J., HWu (2002) Transcriptional co-activator PGC-1 drives the formation of
slow-twitch muscle fibres. Nature 418:797-801

21. Montgomery H., P.Clarkson (1999) Angiotension-converting-enzyme gene
insertion/deletion polymorphism and response to physical training. Lancet 353:541-545

22. Montgomery H., R.Marshall (1998) Human gene for physical performance. Nature
393:221-222

23. Nishikawa M., L.Huang (2001) Nonviral vectors in the new millenium: delivery
barriers in gene transfer. Hum.Gene Ther. 12:861-870

24. Ostrove J.M. (1994) Safety testing programs for gene therapy viral vectors. Cancer
Gene Ther. 1:125-131

25. Romano G., P.Micheli, C.Pacilio, A.Giordano (2000) Latest developments in gene
transfer technology: achievements, perspectives, and controversies over therapeutic
applications. Stem Cells 18:19-39

26. Rudich S.H., S.Zhou, R.Srivastara, J.A.Escobedo, R.V.Perez, W.C.Manning (2000)
Dose response to a single intramuscular injection of recombinant adeno-associated virus —
erythropoietin in monkeys. J.Surg.Res. 90:102-108

27. Sakiyama Y. (1996) Clinical study of gene therapy for ADA deficiency. Arerugi
45:621-626

28. Scott J.M., S.Li, S.Q.Harper, R.Welikson, D.Bourque, Ch.DelloRusso,
S.D.Hauschka, J.S.Chamberlain (2002) Viral vectors for gene transfer of micro-, mini-or
full-length dystrophin. Neuromusc.Disord. 12:523-529

29. Szyguta Z. (1999) Doping krwig (II). Erytropoetyna. Sport Wyczyn. 7/8:57-67

30. Wells D.J. (2004) Gene therapy progress and prospects: electroporation and other
physical methods. Gene Ther. 11:1363-1369

31. Wells D.J., K.E.Wells (2002) Gene transfer studies in animals: what do they really
tell us about the prospects for gene therapy in DMD? Neuromusc.Disord. 12:511-522

32. Zwierzchowski L. (1997) Biotechnologia zwierzat. Wydaw. PWN, Warszawa

Accepted for publication 7.07.2005



