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Heidelberg, October 8, 2003

Report of B-sample testing in the laboratory of Prof. W. Schänzer, Institute of Biochemistry, Germany, Sport University, Cologne

Monday, September 29, 2003 until Wednesday, October 1, 2003

1. Monday, September 29, arrival in Cologne with lawyers Dr. Michael Lehner and Mr. Wolfgang Kreißig, representing the athlete, Mr. B. Lagat.

2. Verification of B-sample identity in the presence of the athlete, with representatives of the lab, the Federation (IAAF, Dr. M. Saugy) and the athlete (see above and protocol copy in the Appendix).

3. Discussion of proper sample handling, freezing, thawing and storage. In my experience this is very critical. Mr. Lagat’s sample had been transported obviously 28 hours at extremely high summer temperatures (ca. 38°-40°C) in a car before it arrived in the Cologne lab where it was stored in a refrigerator at 4° C. Part of the A-sample was taken and analyzed, 3 days later a second part of the A-sample was used for confirmation analysis. Finally, after 6 days in the refrigerator the B-sample was frozen. It was not shock frozen, however, but a rather slow procedure was used, final temperature  – 20°C. In the opinion of Dr. Saugy expressed in the lab, transportation in cool-boxes or ice containers would be prohibitively expensive for the IAAF. This, however, will then risk potential artifacts as shown below.

4. After opening the sample bottle I recommended to speed up the thawing process by using a water bath at 37°C. The lawyers and the athlete left. Dr. Saugy and I stayed in the lab, together with Mrs. Majer and Mrs. Schänzer who, as we learned, had been trained for the test in the Oslo lab. Both persons turned out to be competent and experienced in the “French” urine test method (see list of refs. 1-4). They strictly followed the protocol throughout the three days and mastered with routine all the various critical steps in the procedure. 

5. When I asked for a copy of the protocol, i.e. the standard operation procedure (SOP), Mrs. Majer refused to give it to me. I noted some handwriting in her copy of the protocol text, minor changes, comments, calculations or explanations, which she obviously didn’t want to share with me.

6. The B-sample was divided into two parts of 20 ml each. The pH was adjusted to a slightly basic value. Small aliquots of urine were also taken for the activity tests. The rest of the sample (about 10-15ml) was officially resealed (see copy) and restored. Several control urine samples were processed in parallel. After the first centrifugation step (to get rid of debris), I suggested to keep and freeze the pellets to allow, e.g., for a later DNA analysis, if needed. During the following sterile filtration, centrifugation and concentration steps, I discussed with Dr. Saugy some aspects of the Epo-Test, criticizing, inter alia, the following:

(i)

There was no pre-wetting, saturation of unspecific adsorption, and blocking of the filters and plastic surfaces, e.g. with Tween-20, to prevent losses of protein due to stickiness and low affinity absorption. Here easily small (up to one mg) amounts of material could be lost.                                                                            

(ii)

Also I discussed the possibility that with the concentration devices used, filters of  a cut-off at  30kD molecular weight, the added protease inhibitors might be lost into the filtrate and thus fail to fulfill their function of protection of the proteins present in the concentrate, especially when centrifugations take place at room temperature, with possible enzyme activities in the urine sample (as it indeed turned out later!). The final volume after the concentration was 40-80 l, i.e. representing 500- 250-fold concentration. According to Mrs. Majer this was just enough for 2-3 lanes of the IEF run.                                                                                                          

(iii)
I noticed that the protein concentration of the final retentate was not determined in order not to loose the precious little material for IEF. Mrs. Majer also reported that often the material of the final concentrate was very viscous and sticky and thus difficult to pipette.                                                                                               

(iv)

She also noted that the lanes or even larger parts can appear „smeary“ due to the specific properties of the samples. I recommended preferably DNase treatment, Benzonase from Merck, to reduce the viscosity.

To reduce the sometimes strange appearance of the gel lanes (see Lasne et al. 2002; ref. 3), the French authors sometimes used WGA lectin. Dr. Saugy tried this lectin too, but was not convinced of the result. In particular there were sometimes great losses resulting from this additional treatment.                                                                                                                                                           

(v)     Another point in our discussion was the heating of the retentates to 80°C and the addition of pepstatin to inactivate presumed aspartic proteases. The paper Lasne et al. 2002 (ref. 3) have mentioned many other possible proteases reported to occur sometimes in urine samples. Hence it is possible that one of these enzymes may be concentrated  along with the other material and thus become highly active during the concentration steps, before freezing the sample. 

Astonishingly, Lasne and Ceaurriz (2000) and Lasne (2001) (see refs. 1,2) have not mentioned this absolutely essential heating step (or addition of pepstatin at this point).                                                                                                                                       

(vi)    During the centrifugation steps, the flatbed IEF gel was prepared and stored overnight on the bench. I suggested to use immobilized IEF- strips, e.g. from BioRad, for better reproducibility, as these offer narrow range pH 3-6 strips. Dr. Saugy mentioned that often the focused bands show, after a second dimension SDS-PAGE run, several subcomponent spots, i.e. each IEF band seen after focusing appeared heterogeneously spotty (not published until now, with the exception of the 2D- Epo pattern from serum published by the Oslo-group; see ref. 6). Here I suggested to probe these spots with Coomassie blue, silver stain or Sypro stain and with MS-methods in order to clearly show a specific CHO culture cell-derived mass peak, reflecting the cell type-specific “hamster glycosylation“ characteristic of synthetic recombinant Epo. This would be a clear-cut proof of doping with Epo and by far better than the use of the non-discriminatory monoclonal antibody AE745, generated against an N-terminal peptide, which recognizes both the endogenous and the exogenous (recombinant) Epo.

Dr. Saugy left Monday afternoon and came back for the final evaluation and interpretation on Wednesday. The concentrated samples were frozen and stored at –20°C. I was impressed by the great care with which the samples were treated by Mrs. Majer and Mrs. Schänzer. The samples were at no moment left unattended. Once when a centrifugation step was carried out in a room next to the lab, this room was even locked for the interim period to make sure that no unauthorized person could enter.

7. Tuesday morning the samples were thawed and heated to 80° C for 3 minutes to inactivate potential proteases according to Lasne et al. (see ref. 3). A 20 l volume was taken and applied to paper pads directly on the focusing gel. Lanes loaded with Methyl-Red were used as color marker to control the correct polarity and the migration of the samples. After the run the gels were released from glassplate and foil carefully. This procedure was obviously very critical as cracking, sticking, drying, uneven layering onto the membrane, formation of air bubbles etc. could occur during this step and could ruin the results or at least create disturbing background. Inclusion of 5% glucose in the gel polymerization mixture was intended to reduce part of these problems.                                                                                                                                                                  In this context I asked why (with all this handling problems) the first blot membrane was not used directly for detection. I noted that in the Cologne lab, the classical direct blotting procedure was not used, because they did not want to deviate from the approved protocol. The “French lab” had originally published two papers mentioning a rather high background obtained with direct blotting (see refs. 2, 4). They tried many different secondary antibodies, but all had failed in their hands to give a clear band pattern. Therefore they have recommended the Double-Blotting (DB) method which has been patented by this lab.                       

On the other hand, they obviously had not tried to wash the membrane more rigorously but just used milk powder / PBS, instead of washes in e.g. 0.5-1.0 M salt / PBS and 0.1-0.2% Triton-X-100 / PBS. Nor did they include appropriate other detergents such as 0.1% Tween-20 in milk powder / PBS to reduce unspecific binding. In my and other authors experience true specific antigen - antibody binding will, in most cases, withstand such treatments. Before the focusing run, one could also include urea and DTT in the sample, i.e. as in the classical O´Farell 2D-GE sample buffer. Such protocol changes would probably reduce the problematic background and the test would be faster, in particular as no extra DTT-treatment at 37°C, no second blotting etc. would be needed. The DTT addition most likely would also inactivate certain protease activities before and during the gel run so that pretreatment and heating might not be necessary. 

After transfer one could stain with Coomassie blue briefly to get a first impression if and how accurately proteins were transferred. If the transfer quality was bad, one could stop here, save antibodies and time, and start with another sample. A further short-cut would be the incubation of first and second antibodies together in one step. These possible changes suggested for a modified protocol would shorten the whole procedure such that one would gain at least half a day, and the result of the entire test would be available already at the end of the second day, i.e. not on the third day as now. 

An unexplained step was the addition of Black Ink (Pelikan) to some washing steps for which no explanation could be given. 

8. Wednesday morning the final incubations and washings and the ECL-reagent treatments were performed. Dr. Saugy and Prof. Schänzer came to watch the exposure and the emerging first result of the test. Surprisingly, the B-sample showed an IEF pattern different from that in the A-sample. The results also revealed that, without any doubt, there was obvious enzyme activity in this urine sample which had also altered the controls, rhEpo and Nesp. In summary, no bands were missing, e.g. due to insufficient amounts of Epo, but rather the total band pattern had shifted  toward the neutral side of the gel and appeared clearly above the rhEpo region and even further away from “normal serum” Epo and from Nesp. 

9. Dr. Saugy, Prof. Schänzer, Mrs. Majer, Mrs. Schänzer and I discussed possible reasons of this kind of result that had never seen before in this lab. The autoradiographic background of the membrane was low this time, no artifacts were visible, and the controls included showed up as expected. In this sense, the blot was technically perfect. Looking very carefully at the A-sample result, especially the enlarged picture with the comparison between rhEpo and the weak A-sample bands, we realized that the A-sample bands of Mr. Lagat were not exactly in the same positions as the rhEpo reference bands but were slightly displaced, some millimeters higher to the more basic side. We agreed that a mass comparison of two bands in the control and the sample with identical or almost identical IEPs (pI) should show exactly the same mass. This would be a valuable tool to distinguish (if possible at all) between the natural human glycosylation and the glycosylation patterns of CHO (or BHK) hamster cell cultures (for sugar profiles, see e.g. refs. 5, 7, 8). Prof. Schänzer said that his available mass spectrometric instruments probably would not provide the sensitivity needed for such determinations. There was no information as to whether the amounts of Epo in 20 ml urine samples would be sufficient to identity specific spots by Sypro- or silver- stained gels. From discussions with MS-experts at the German Cancer Research Center I know that proteins of gel spots in amounts in the low femtomol and sometimes even in the attomol range are usually sufficient for MS identifications. Another possibility would be the use of antibody-coated Dynal magnetic beads as reported by the Oslo lab for enrichment of Epo. This immunological method should provide fairly high enrichment of Epo without salt, ready in one step for 1D- or better 2D-gel electrophoretic (GE) separations and sensitive staining, followed by mass spectrometric measurements. I also suggested that a 1D-GE separation would be sufficient (as seen in the Abstract brochure of the Manfred Donike Workshop on Doping Analysis 2002, in a paper again from the Oslo group presenting good blotting results for Nesp, rhEpo, serum Epo). Provided that urinary Epo can be separated from the other three Epo forms, it should be possible, by simple 1D-GE and blotting, diagnostically to identify rhEpo even with a broadly reacting antibody such as mAb AE7A5.                                         

I also raised the question of the “normal urine Epo” used as control. In a recent paper from the Catlin lab (ref.5) their reference Epo astonishingly showed many bands seemingly co-migrating with almost all bands of rhEpo and Nesp. I was told that many “normal urine” samples naturally contain low amounts of Epo which, however is not really correct if the samples were obtained from slightly anemic patients, as is often the case (see also in Appendix the remarks of Dr. Venke Skibeli in the evaluation report for WADA, p.21).                                                                 

                                                                                                                                                                                                                                              With respect to the B-sample result we suspected that the sample handling might be partly responsible for the result obtained. Obviously, some enzyme activity in Mr. Lagat´s urine was responsible for the results observed. When adding pepstatin to the sample of one tube for protease inhibition, no major effect on this enzyme activity was recognized. The nature of the enzyme was not clear. It could be a glycosidase, a sulfatase, a kinase, a deamidation activity, of human origin or caused by bacterial contamination. As already mentioned (point 3 of this report) the sample had been underway a long time at elevated temperature (40° C), without any cooling.                                                                                                               As already mentioned upon arrival in the lab the B-sample had not been frozen directly, but stored at 4° C for more than 6 days, i.e. before the results of the A-sample were seen. Only then (!) the B-sample was finally frozen and kept at –20°C until the official opening. Therefore, it is likely than not that glycoprotein-modifying activities have artificially contributed to the results of both the A- and the B-sample. Several reports in the literature have stated that in specific cases the urine samples contained only insufficient amounts of Epo. This, however, raises the basic question whether the Epo originally present might have been rendered undetectable (“lost”) as it had been modified in the urine (see also ref. 7 and the “Evaluation report of the urine Epo test” by  G. Peltre and W. Thormann 2003, written for the council of the World Anti-Doping Agency WADA. Within this report Mrs. Gro Nissen-Lie from the Hormone Laboratory in Oslo has also reported on unusually basic bands).             

10. During my stay in the Cologne lab I learned that, for controls, the “urine activity tests” had been introduced and included in the Epo-tests of athletes´ urine samples only very recently. In the case of Mr. Lagat´s urine, the A-sample and the B-sample obviously contained some Epo-modifying activity. Assuming the enzyme activity of the A-sample and the B-sample would indeed have been inactivated by immediate deep-freezing, presumably the B-sample would have come up with the same result as the A-sample. That would have meant: A-sample positive (false-positive) according to the rules and B-sample positive (false-positive) according to the rules. However this urine had demonstrably disturbing enzyme activity!!! As the minor pI-derivations of the bands seen in direct comparison with rhEpo in a parallel lane might have been ignored the suspected “rHEpo area” would have been taken as an all-in-all “positive” case! A tragic mistake for the athlete involved!

11. Summary 

A) All experts present agreed that the urine of Mr. Bernard Lagat did not contain any recombinant erythropoietin (rhEpo) and he therefore had not committed Epo-doping.

B) While the test of Mr. Lagat´s B-sample did not reveal any reactive components in positions taken as indication of a positive test, the original A-sample showed bands in this region which, however, were not fully identical with those of the reference recombinant Epo and might well be due to glycoprotein modifications. 

C)  The test used involves many steps with many pitfalls. Only very experienced and critical “bench biochemists”, as those working in the Cologne lab, can  responsibly handle the complicated and error-prone procedure. There are several problems with background staining, reproducibility, technical artifacts, losses of proteins during the enrichment steps and losses and changes as result of glycoprotein modifications etc.

D)   The test takes too long and is not suitable for mass screening. It should be simplified and improved markedly, e.g. by using ready-made gels, avoiding the double blotting procedure, minimizing glycoprotein modifications etc. 

E)   Most importantly, the antibody used does not provide an unequivocal identification of rhEpo and specifically does not discriminate between natural and recombinant erythropoietin! A specific monoclonal antibody exclusively reacting with the recombinant glycoproteins is desirable and should be generated.

F)   IEF as the only criterion is not sufficient to allow a clear decision, certainly not without a specific antibody. Two-dimensional gel electrophoresis, combined with specific mass spectrometric detection, should also be examined as a “second weapon”, notably in cases of “confirmation tests”.

G)   There is currently no published epidemiological study available that deals with the various possible influences resulting in modifications of the Epo-molecule(s) (nutritional, ethnical, physiological, altitude etc.).

H)   The recently introduced activity tests for enzymatic activities in certain urine samples places utmost importance to the need of a unified, carefully controlled handling and storing of the samples.

I) In the same line, the internal report for WADA also asks for necessary improvements and changes of the test. On page 15 of this report it is therefore stated: “The development of totally new urinary EPO tests should be encouraged and funded.”
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The structures of the N-linked oligosaccharides of the urinary erythropoietin (u-EPO) purified from urine of aplastic anemic patients were analyzed and compared with those for recombinant erythropoietin (r-EPO) prepared with baby hamster kidney (BHK) cells. Asparagine-linked neutral oligosaccharides were released from each EPO protein by N-oligosaccharide glycopeptidase (almond) digestion. The reducing ends of the oligosaccharide chains thus obtained were aminated with a fluorescent reagent, 2-aminopyridine, and the mixture of pyridylamino derivatives of the oligosaccharides was separated by high-performance liquid chromatography (HPLC) on an ODS silica column. More than 8 and 13 kinds of oligosaccharide fractions for u-EPO and r-EPO (BHK), respectively, were completely separated by the one-step HPLC procedure. The structure of each oligosaccharide thus isolated was analyzed by a combination of sequential exoglycosidase digestion and another kind of HPLC with an amide-silica column. Furthermore, high-resolution proton nuclear magnetic resonance (1H NMR) spectroscopy and methylation analyses were carried out in the case of r-EPO (BHK).(ABSTRACT TRUNCATED AT 250 WORDS)
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