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1. Details of any ethical consideration for the project.

Ethics approval for all samples which will be used in this study is covered by research
proposal “EPO 2000 validation study: incorporating blood profiling – development of reference
ranges for blood parameters in elite athletes and the EPO administration trial” which was
approved by the Australian Institute of Sport Ethics Committee on 21st September 1999.

2.   Project budget specified per calendar year

Expense category From ADRP

Amount

From AGAL

Amount

Year 1: 2003
Salary, scientific personnel:
10% of SPOA plus on costs
50% of SPOC plus on costs

Salary, technical personnel:
100% of technician plus on costs

Consumables:
approximately 25 IEF gels at $1800 per gel
dye affinity, lectin, and ion exchange columns, visualisation
reagents, EPO test kits and reference standards.

Overheads (indirect costs including support infrastructure,
equipment maintenance and repairs, services etc)

43,000

45,000

45,000
10,000

31,900

11,000

12,000

4,500

Total budget year 1: 174,900 27,500

Year 2: 2004
Salary, scientific personnel:
10% of SPOA plus on costs
50% of SPOC plus on costs

Salary, technical personnel:
100% of technician plus on costs

Consumables:
10 IEF gels at  $1800 per gel
30 IPG gels at $600 per gel
500 cleanup columns
Test kits for 1000 EPO assays
Capillary HPLC columns
Nanospray tips for electrospray

Overheads (indirect costs including support infrastructure,
equipment maintenance and repairs, services etc)

45,000

47,000

14,400
15,000
12,000
10,000
4,000
3,000

33,000

11,500

3,600
3,000
3,000
3,000
2,000
1,000

5,000

Total budget year 2: 183,400 32,100

Total budget all years 358,300 59,600



Additional budget information

It is planned that the two main phases of the project set out below should run concurrently

Whilst Proteome Systems are developing the IPG gels and the necessary hardware none of

the ADRP funds will be allocated to them as they already have funding from the

Biotechnology Innovation Fund.  In fact it is anticipated that for the first year of the project at

least that all IPG gels will be provided at no cost to the project.  However there is still  a high

cost of consumables associated with the double blotting procedure and the final visualisation

which will still be required.  In addition a considerable number of ampholyte gels will be

needed for comparative purposes.  The project will require a scientist to spend approximately

50% of their time on the project along with a full-time highly skilled technician.  The running

expenses are high because of the initial high cost of running the gels for the EPO urine test.

In the later stages of the project the cost per sample will markedly reduce but more samples

will need to be run to validate the new method and the mass spectral component of the

project will begin incurring costs.

3. Consultation and/or collaboration arrangements.

The Australian Sports Drug Testing Laboratory which is IOC accredited is the applicant.  The

methods used are those utilised by our, and some other IOC accredited laboratories.  Regular

discussion with IOC laboratories occurs especially at the Cologne Workshop where progress

will be reported.

4. Project summary.

The purpose of this project is to simplify and improve the existing urine test for human

recombinant EPO which was developed by Dr Francoise Lasne of the Paris IOC laboratory.

The test, which is based on using gel electrophoresis to separate the isoforms of EPO, is

being used in approximately one third of the 27 laboratories accredited by the IOC.  There are

a number reasons why not all IOC laboratories have adopted the method.  One is the high

cost of acquiring methodology which is quite different to that normally used in other drug

detection methods both in equipment and personnel.  Another is the complexity of the

process requiring many steps several of which demand a high degree of manual dexterity and

skill.  This means the process is slow and very expensive to perform.  Because of the high

cost very few federations or drug control agencies are willing or able to fund the testing of a

large number of samples and are using inadequate screening procedures in a attempt to

reduce the number of urine samples tested.

There are two obvious ways by which the existing process could be improved.  The first is the

use of commercial Immobilised pH gradient (IPG) gels for the electrophoretic separation of

the EPO isoforms.  Such gels once developed would give more reproducible results, simplify

the method and ultimately reduce costs.  The second is to improve the selectivity of the



processes used to extract and concentrate the EPO from the urine sample.  At present the

EPO is concentrated simply by ultra-filtration which means that many other proteins in the

urine are also present in the concentrate applied to the gel.  These proteins such as albumen

are at much higher concentrations than the EPO which means that the double blotting

process is needed to detect a trace of EPO in the presence of these other proteins.  The

transfers involved in the double blotting are responsible for much of the complexity of the test.

Thus improved methods for extracting and concentrating EPO from urine would initially give

better separation of the isoforms of EPO and improve the sensitivity of the method and may

ultimately lead a major simplification of the method by eliminating the double blotting process.

This would result in major cost savings.

If both aspects of the project succeed then the method for the detection of recombinant EPO

in urine would be greatly simplified.  This would result in significant cost savings both in the

setting up of the method in new laboratories and in its routine application.



Project description

Improved Method for the Detection of
Erythropoietin Isoforms in Urine.

Australian Sports Drug Testing Laboratory
1 Suakin St.,  Pymble
NSW, 2073 Australia
Phone  61 2 94490111   Fax 61 2 94498080   email ray.kazlauskas@agal.gov.au or
graham.trout@agal.gov.au
Researchers: R. Kazlauskas, G. J. Trout, C. Howe, and N.H. Packer

INTRODUCTION

At present the detection of doping with human recombinant erythropoietin (EPO) relies on the

detection of abnormal blood parameters such as those reported by Parisotto (Parisotto et al

2001) coupled with the presence of recombinant human EPO in a corresponding urine

sample.  The urine test developed by LNDD uses isoelectric focussing and a patented double

blotting technique (Lasne 2001) to separate the EPO isoforms into a series of bands.  A

positive cannot be declared unless the urine has bands which correspond to those found in

human recombinant EPO.  Data collected so far indicate that normal urinary EPO has

isoforms which are more acidic than those found in human recombinant EPO although there

is some overlap (Lasne and De Ceaurriz 2000).  A positive is declared if the percentage of

basic isoforms is greater than 80%.  Whilst the method has been introduced into about one

third of the IOC laboratories so far, the cost of applying the method more widely is very high

due to the cost of the specialised equipment, the long training needed to acquire the

specialised skills, and the high cost of consumables and labour that routine application of the

test requires.  Thus for more effective detection of doping with recombinant EPO and related

products such as NESP a simplified and more cost effective method is required.

AIMS

To simplify the methodology used so that the French EPO urine test can be applied to more

samples at substantially lower cost. This will take place in a number of stages:

1. In collaboration with Proteome Systems develop a robust immobilised pH gradient (IPG)

gel that can be used in all IOC laboratories to improve reproducibility of results,

particularly between laboratories, obtained using the gel electrophoresis test for

recombinant EPO developed by the French IOC laboratory.  The gel developed will also

have the capability to resolve the isoforms of the new EPO replacement Novel

Erythrocyte Stimulating Peptide (Egrie and Browne 2001);

2. Investigate means of selectively extracting recombinant EPO from urine to improve the

sensitivity of the current method and remove the need for the complicated double blotting

process.



3. Investigate whether improved the extraction methodology can lead to the measurement of

EPO isoforms in blood.

4. Investigate how mass spectrometry can be applied to the analysis of the purified extracts

for recombinant EPO.

SIGNIFICANCE

If no improvements are made the existing method for the detection of recombinant EPO in

urine then it will remain a method unsuitable for high volume routine screening. Successful

completion of the steps outlined above should simplify and automate the methodology so that

it can be economically applied to high volume screening.  This would mean that poor

strategies using one or two blood parameters currently used to select urines for EPO testing

would no longer be required and the EPO test could become one of the routine urine tests.

Before any significant improvements can be made a more reliable source of gels is needed.

The French urine test for EPO, which uses a gel electrophoresis method for the detection of

recombinant EPO, uses gels that are prepared within the laboratory. Such gels lack

robustness and the results obtained on one gel will not necessarily be exactly the same as

those from another gel even prepared in the same laboratory. The inter-laboratory trial of the

French urine EPO method funded by the IOC (Pascual et al 2001) has confirmed the

problems that are encountered with the laboratory prepared gels. The newer immobilised pH

gradient gels are now used for most electrophoretic separation of proteins. AGAL does not

have the technical expertise to produce such gels but an Australian company, Proteome

Systems, is a world leader in this technology and is collaborating in this work.

BACKGROUND

The current method used to confirm doping with human recombinant EPO is based on the

fact that recombinant EPO is significantly less acidic than urinary EPO despite the

recombinant product being produced from mammalian cells containing the human gene.  This

difference in acidity arises from the fact that the recombinant product is less heavily

glycosylated and has fewer sialic acid residues than normal urinary EPO.  The test for

recombinant EPO in urine developed by our colleagues at LNDD in Paris, whilst able to detect

the abuse of EPO, has a number of significant limitations. They all relate to the complexity of

the method, which means that:

• the production of results is slow and cannot always be guaranteed

• the reproducibility between laboratories is not as high as desired

• the cost of the method is so high that it is impractical to test as many samples as

required.



A more robust and simpler method is needed. The year one program is the first stage in a

series of steps to simplify and automate the methodology so that it can be economically

applied to high volume screening. The first step in this long process is to obtain a reliable

source of IPG gels that can be used in the first stage of the method. Proteome Systems have

obtained a Biotechnology Innovation Fund grant to develop a gel or gels specially designed

for the detection of recombinant EPO. ASDTL is providing the knowledge and skills needed to

test the gels provided and incorporate them into the urine test for recombinant EPO but are

not funded to do so.  Proteome Systems have now developed a commercial IPG gel that can

resolve the isoforms of both recombinant EPO and NESP.  The resolution and reproducibility

is superior to the ampholyte gels currently used.  The availability of such a reliable

commercial gel will not only significantly improve the robustness of the method but will also

reduce the overall cost and complexity of the method.

The double blotting process used in the method is a major source of the method’s complexity

and cost. Alternative means of separating the recombinant EPO from other proteins will be

examined.  The methods which have shown the most promise so far are extraction methods

using dye affinity chromatography and another using lectin affinity chromatography (Trout

2002).  Dye affinity chromatography preferentially removes albumen (Gianazza and Arnaud,

1982), which is the main protein present in urine and thus has the potential to remove much

of the interfering protein.  Lectins react with glycoproteins including EPO (Rudzki et al., 1978)

and thus can be used to retain only the glycoproteins whilst discarding all other proteins. The

use of ion-exchange media will also be investigated (Morimoto et al., 1996).  The aim is to

remove more than 90% of the interfering proteins whilst retaining at least 50% of the EPO. If

this approach is successful it will not only simplify the method but also mean that it could be

applied to blood as well as to urine. It is known that serum EPO concentrations correlate

much more closely with EPO use than do urinary EPO concentrations.

Once a purified EPO can be extracted from urine or blood then detection will be simplified.  it

should also be possible to use mass spectrometry (MS) to more specifically characterise the

extracted EPO. At present the confirmation of the presence of peptide hormones and other

large bioactive molecules is done using techniques that rely on specific antibody reactions to

large molecules. All banned drugs that are detected in IOC laboratories, other than peptide

hormones, must be confirmed by the use of MS. The reason the peptide hormones were

excluded from this requirement was that it was not practicable to attempt mass spectrometric

analysis of large bio-molecules both because of their high molecular weight and because of

the very low concentrations found in blood and urine. However with the ever increasing

demands of proteomics research the use and capabilities of MS using electrospray and liquid

chromatography for the analysis of bio-molecules has increased dramatically in the last few

years and will continue to do so.  As electrospray MS has already been used in this laboratory

for the confirmation of the presence of haemoglobin based oxygen carriers (Trout, 2002a) and

it is planned to extend the technology for the detection and confirmation of recombinant EPO.



The existing equipment will be able to demonstrate whether such mass spectral analysis is

possible for EPO.

RESEARCH PLAN

This project was begun in late 2001 in collaboration with Proteome Systems with the initial

objective of obtaining a reliable IPG gel for the electrophoretic separation isoforms.  Thus far

Proteome Systems have produced a gel having the desired pH range which can effectively

resolve the isoforms of EPO and of NESP.  The resolution is clearly superior to that

obtainable with the laboratory prepared ampholyte gels that are currently used for the

detection of recombinant EPO.  The next phase of this IPG gel method development is to

optimise the blotting conditions so that the IPG gel can be used in the EPO detection method.

This requires ASDTL to provide spiked and incurred samples to Proteome Systems and also

carry out the specialised blotting and visualisation procedures needed to measure the EPO

isoforms.  This will take approximately six months and will involve running a number of gels

both ampholyte and IPG for optimisation of the new method.  It is anticipated that in this

timeframe Proteome Systems will have completed development of the prototype gel

electrophoresis and blotting system that will enable laboratories to simply adopt the new IPG

technology.  The complete system will be extensively evaluated by ASDTL before it is

released for general use in the IOC laboratory community.

Investigation of the replacement of the simple ultra-filtration procedure with a more selective

method for the removal of and concentration of the EPO in urine has begun.  The three

processes to be actively investigated are the use of dye affinity chromatography, lectin

chromatography and ion exchange chromatography.  Investigation and optimisation of these

methods will require numerous gels to be run to determine the degree of purification that is

being achieved and should be complete within year one of the project.

In year two it is proposed to combine the new IPG gel technology and the cleanup methods in

a concerted effort to reduce the complexity and cost of the existing recombinant EPO

detection method, whilst simultaneously increasing its robustness and sensitivity.  The

development will include any other cleanup procedures that become available including the

use of immunoafffinity chromatography.  It is also proposed to apply the cleanup methods to

blood in an attempt to measure the EPO isoform distribution therein.  Cleaned extracts and

extract from gels will also be analysed by electrospray mass spectrometry to further

characterise the extracted EPO.
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