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DESCRIPTION OF METHODS

‘U

Detection_of Recombinant Ervthropoietic Proleins

SCREENING PROCEDURE

samples that are testen ior envthropoiglic preteing are sereened first, 1 the
soraening rasulls suggests that a prohibiiad subsiance is present the pte_. are
joored 1o an A-confirmation procedure. 10 the UCLA éabara?esry th? screan and the

A-canfirmation are performed by the same method. The main diff’grenae between the
screen and the A-confirmation is that in the former several samples are
sigctrophoresed oo one gel next 10 each cther, whereas in the latter the sampies are
separated by exlra space.

The QFGCP"}’H? gescribed below detects recombinant human erythropoistin (rHuEPO}
and darbapostir. The analysis consists of four steps: sample preparation; isoelectric

focusing r,!tr:-» immuno-plotting. and visualization. The following description is
intended to be a summary tor the non-specialist

Sample preparation

Preparing samples for (EF analysis involves two steps: 1) enzyme deactivation, 2)
filtration, and concentration. The first step is 1o deactwale enzymes that could destroy
the rHUEPQO thgreby foiling the analysis. {t is done by adding protease inhibitors
{chemicais; to (he uring. The second step is to remove materials from the urine that
are irrelevant ard to concentrate the proteins. This is accomplished with speciaiized
filters that retain molecules with high molecular weight, such as rHUEPO. The urine is
placed in a cup that has the specialized filter. The cup is placed in a centrifuge which
spins at high speed. This forces the low molecular weight material to pass through
the filter. The rHUEPO and other proteins with similar molecular weights are retained
{the retentate] on the filker. This step is repeated one more time. f rtHUEPO is
present in the urine, it will be In the final retentate. The final retentate is a liquid. A
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small portion of it 18 used 1o esiimate the concantration of rtHUEPO by an
immunoassay. Anciher portion is spotted on a gel {described below). The
immunoassay proviges an estimate of the amount of fHUEPQ in the wrine sample.

Tris number is uses © adjust the congentration of rHuEPO in the retentate to an

pitmal value. No adjustment is needed i the estimated concentration is low. I the
stimate is high the retentate is diluted. Twenty microliars ol the retentate are appled
t

o
es
1o the gel.

fsosieciric focusing
Glycoproteing such as darbepoetin and ‘HUEPQ are molecules that carry positive and
negative charges. The net charge of the glycoprotein i3 the aigebraic sum of all the
positive and negative charges. Each malecule has ane nsl charge which is positive,
negative, ar neutral depending on the gH. The isoeleciric point (pl) is a fundamental
characteristic of proteins. 1t is the prl value at which the molecule is electrically
neutral because the number of positive charges an the molecules are exactly
balanced by the number of negative charges.

The gel is a jelly-like material that serves as the 'platiorm’ for the electrophorasis. The
gel is about 25 by 12 cm {length and width) and about 1 mm thick, The gelis
prapared by mixing various chemicals in a flask and pouring the mixture into a cast.
Just befgre the pour, a reagent is added that causes the materials to 'gel.’ Atfter the
gel ‘hardens’ to the consistency of a Hexible jelly-like material, the cast is removed and
the gel is placed flat on the surface of the electrophoresis instrument.

Before the samples are put on the gel, a pH gradient must be set up. Electrodes are
aftached io the gel and connected to the electrophorasis unit. One of the elactrodes
aftached to the gel is the anode and the other is the cathode. When the
electropharesis unit is turned on it sets up an eleciric circuit between the cathode
{negative pole}. and the anode (positive pole). When the current is applied the
motecules used to set up the pH gradient migrate. The charged molecules migrate in
the direction of the electrode bearing the opposite charge. Thus negatively charged or
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more acidic molacules migrate toward the angde - the slectrode with the positive
charge and vice versa. A current is applied to the gel for half an hour o establish the

The current is turmed sarmples and siandards that are to be electrophoresed
re ‘spoited’ onic the gel by adding & smali hx'm (20 microliters) of eaeh samp?e to

2 piece of fiter paper {10 by & mm) thal has been pi d on the g e pieces ar

placed 1 ¢m apart close to one sdge of the gel. Tha gel ca rmv‘oda g sbout :d

such pieces. In this way the suriace of the gel is divided into 24 ima_ wnary lanes.

Each sampte or standard is spotied in one lane. The number of samples and
standards that are processed on one gel is determined by the intent of the analysis.
Typically we use one or two different standards, one or more control samplas {content
krrown}, and several unknowns (contant not knownj. Typically the standard is pure
rHUEPQ, or pure darbepoetin, or & mixture of the twa, A typical control uting is a
urine obtained from a subject to whom we have administered rHUEPO.

The current is turned back on which causes the glycoproteins that have been spotted
on the gel to begin to move or migrate. The lotal number of hours is selected such
that all the molecules have sufficient time tc'migrate or move to their isoelectric point.
Once they reach the Isoelectric point they ramain stationary.

With this background, one can now interpret an electropherogram that shows rHuUEPO
{see figure 1). rHUEPO has 5 bands which are referred to as isoforms. An isoform is
a subset of the rHUEPO moleculss that has a gefined pl. Not all the molecules of
rHUEPO have exactly the same chemical structure and therefore the same pl. All the
molecules in cne band will have the same pl, that is they will become neutral at one
and the same pH. The molecules of darbepoetin focus near the anode side of the gel
because it has g low pl. In contrast, rHUEPO focuses closer to the cathode because it
has a higher pl. This explains why rHuEPO and darbepoetin are separated on the gel
by several centimeters of physical space.
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immuno-bliotiing

Al fis stage the bands are ssparated on the gel. Tha task now is o transfer them oft

tme gel. This is accomplished by ‘blotting’. Blotting s 2 procedure for transferring

profeins fram one surface o another. Two blolting procedures are used (biot 1 and
blot 23. The first blot transfers the rHuERPO from the gel to membrane #1. Membrans
#1is incubated with antibodies against EPQO proteins. The second biot transfers the
antipodies from membrang #1 1o membrane #2,

The gel s removad from the electrophores:s plate, washed with a puffer, and placsd
between two stacks of paper that have been spaked in a special blotting buffer. This
stack {or sandwich) is placed inle an instrument which is designed o aprly an
electrical charge across two plates. The stack is placed betwsen the twe plates and
the current is turned on for 30 minutes. The instrument is referred (o0 25 the "Blotling
unit’ During blot #1 the rHUEPQO ‘travels’ from the gel to membrane #1. Membrane #1
is a mirror image of the material that was on the gel.

Next membrang #1 is bathed in a solution of antibodies against EPO. These
antibodies are very special because they spegifically bind to endogencus human EPQ,
rHUEPQ, and closely related proteins such as darbepostin. The speciiic
EPOsdarbepoetin antibodies are obtained from mice that bave been immunized and
therefore make antibodies that react with darbepostin and rHuEPO. Because we also
use another antibody later in the assay, we somelimaes refer {o this antibody the ‘irst’
or primary anticody.

in the next stage, referrad to as the second blot, the primary antibody is transferred
from the first membrane 10 a second membrane (membrane #2). The molecules of
EPO and darbepostin remain on the first membrane, but the antibodies against them
{(primary antibody) are transferred to the second membrane. The tes! detects the
primary antibogies that mark the location of the darbepoetin and rHUEPDO. The
second blot is accomplished like the first blot. Then the second membrane is
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The location of the second aatbody on membrane %2 matches the location of EPO ar

RO TR R A4 AL S &

carbepoetin on membrane #1. We nead a way fo visualize the second antibogy. To
this eng, a marker protein which binds to the second antbody is used. Nexi a specisl
substance is adoed that emits [ght when it Comes in contact with the marker protein.
The emitad light is then captured with a special digitai camera. The final image

2 -

{electropherogram) is used o evalbaze the resulis.
CONFIRMATION PROCEDURE

The cenfirmatian pracedure is very similar o the screening procedure. The sample

preparation, ispelectric focusing (1EF), immuno-bletiing, ans’ visualization are identical
to the screening procedure. The only difference is the types and number ¢of samples

spotted on the com{rmazlo:ﬂ gel. Forthe A-confirmation four lanes contain a standard
(darpepoetin and rHUEPO), and therg is one lane 2ach for the Posilive Quaiity
Contro!, the Negative Quality Control, and the sample that 1s being confirmed.
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Figure 1: Scrocen of the A
sample

Electropherogram corrgsponding to screening a batch of urine samples for
erythropoietic profeins, Each sample is coniained in one lane, There are six lanes.
The bands or isoforms corresponding to tHuEPQ, darbapoetin INESP), or endogenous
EPO have the appearance of rungs of a ladder. There are two lanes {lanes 1 and &,
numbering from left to right) containing a standard consisting of a mixture of rHUEPO
and darbepoetin, lane 2 contains a negative quality control urine sample, and lane 3 a
positive quality control urine sample. Lane 4 is a sampies from anather athlete and

tane 5 is samnple AR
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SAMPLE A SCREEN CONGLUSION

The two-band ratio is greater than 1,19 and the percant basic soforms ig greater than
80%%, therefore an A-confirmation is caried out. {For the origin of the number 1,19
ublication: Breidbach A, Catlin DH, Green GA, Tragub | Truong M. Gorzek 1.

Celaction of rHJEPD in Urine by :soelectric focusing. Clin Cham 2003; 42-801-007:
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Each sample 15 contamed in ong lane. There are 7 lanes in the figure. The bands or
isoforms corresponding to rtHUEPO, darbepostin {NESP), or endogenous EPO have
the appearance of rungs of a ladder. There are four lanes containing a standard
consisting of a mixture of tHUEPO and darbepoetin. Thess are lanes 1, 4.5 and 7
with the numbaering starting from the left-most lane. The negative QC sampla is in
fane 2 and the positive QC sample is in lane 3. The lane containing urine ”55

-
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Densitometry has been used to express the darkness {density} of the bands in Figure
2 as numerical values. Plotting these values as a function of the hand number results
in graphs showing the refative peak height of the bands on the Y-axis and bang
number on the X-axiz. The band iabeled 0, which is marked by a vertical ling, is
defined as the band with the same isoelectric point (pll as the most acidic band in the
sHUuEPQ standard. Starting from band 0, the successive bands in the direction of the
anode are considered acidic' and are labeled 1, 2, 3, 4,... Similarly the bands in the
direction of the cathode are consideraed 'basic’ and are labeled -1, -2, -3, and -4,

The shape of the graph for the negative QC is characteristic of a nagative sample.
The peak apex occurs at band 2 and the area under the curve is predominantly ta the
right of the vartical line. The shape of the graph for the positive QC is characteristic of
a positive sample. The peak apex occurs at band -1 and the area under the curve is
predominantly to the ieft of the vertical line.

For sample #ae peak apex s on the left of the vertical line like that of the
positive QU and the area under the curve is predominantly on the laft of the vertical
ling.
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SAMPLE A CONFIRMATION CONCLUSIONS

The A confirmaiion cate ingicale the presence of rtHUEPC according fo criteria
published in a peer-reviewed jounal by the UCLA Olympic Laboratory (Breidbach A,
Catlin DH, Greer GA, Tregub | Truong H, Garzek J. Detection of rHuEPO in Uring

by soelectric focusing. Olin Chem 2003; 49:901-807 1 In summary these crileria are:

1) the iscform bands that tocus in the same area as the rHUEPC standard are
Jarker than other isoform banos of the samplie

2} thess pands have the same pl as the corresponding bands of the rHUEPO

3) the sample containg the three bands that cofrespond to the pl of bands 0, -
1, and -2 of the rHUEPRQO standard {see description ior figure 31

4} the ‘Two-Band Ratig' is greater than 7. The upper 88% confidence interval
for the two-band ralio is 1.18. (Nole: the ratio i3 not a linear function {see
Breidbach et.al Clin Cham 2003; 43:201-907}

2} Percent basic isoforms:

in addition, the sample is positive for rHUEPQ according to the ‘percent basic
isoforms’ criteria. The parcent basic isoforms is 80%. This method has besen the
subject of discussion in various expert committegs hosted by the |QC and it has been
described in an extended abstract by Pascual et. al. (Schaenzer et.al.(eds.} Recent
Advances in Doping Analysis/ Proceedings of the Manired Donike Workshep.
2002:135-144}. [n addition the method is discussed in a Court of Arhitration for Sport
cecision (CAS 2001/A/345 Roland Meier vi Swiss Cycling) wherein a value grealer
than 80% was deemed 10 be positive

Page 28 of 33



= &3 . . . . ) .
“‘I UCLA Olympic Analytical Laboratory .
chﬁ UCLA Schont of Medicine =

2122 Granvilis Ave Los Angeles CA 80023 ' ISQ/IEC 17025
{00 Accredited Prone (314} B25-2835  FAX {310} 208-BO77 Biological Testing

Certificate: 1420-01

I 1 ——
. e oy tai 0 N a4
- |
— -
e L - o
L Rl o Y. m—— i
R 1 e
o O Q il Q. o3 £,
» o O P B 2
L o o LU Ik} & A
£ = =z Z £ 2 Z
o = = o O _ O
8 5 @ g, o = o
3 c e 3 3= by 3
s T i 3 £
Figure 4: e i

T

ool
(el

Lo Lhe Bl

)

Each sample is contained in one lans. There are 7 lanes in the figure. The ba
isoforms corresponding to tHuEPQ, darbepostin (NESP), or endogenocus EPO have
the appearance of rungs of a ladder. There are four ianes containing a standard
cansisting of a mixture of rHUEPO and darbepoetin. These are lapes 1, 4. 5, and 7
with tha numbering siarting from the ieft-most lane. The negative QT sampie is in
fane 2 and the positive QC sampie is in lane 3. The lane containing urine #‘s
lane B.
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Densitometry has besn used to sxpress the darkness (densily) of the bands in Figure
2 as numerical values. Plotting these values as a function of the band number resulis
in graphs showing the relative peak height of the bands on the Y-axis and band
number on the X-axis. The band labeled 0, which is marked by a vertical line, is
cetined as the band with the same isoglectric point {pl} as the most acidic band in the
rHUERQ standard, Starting from band 0. the successive bands in the direction of Yhe
anode are considerad ‘acidic’ and are labealed 1, 2, 3, 4,... Similarly the bands in the
direction of the cathode are considered ‘bhasic’ and are labeled -1, -2, -3, and -4.

The shape of the graph for the negative QU is characteristic of a negative sample,
The peak apex accurs at band 2 and the area under the curve is predominantly o the
right of the vertical line. The shape of the graph for the positive QC is characteristic of
& positive sample. The peak apex pceurs at band -1 and the area under the curve is
predominantly 1o the left of the vertical line.

For sample g‘éﬁh-e peak apex 1= on the left of the vertical line like that of the
positive QC and the area under the curve is predominantly on the teft of the vertical
line.
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SAMPLE B CONFIRMATION CONCLUSIONS

Dubiéai ed it g peerrev j oy ; _
Catlin DF, Gresn GA, Tregub I, Truong H. Gorzek J. Deteciion of fHUEFD i Uning
oy fsoelectric f@ ing. Clin Chem 2002; 48:901-907.; In summary these criteria are:

1) the isoform bands that focug in the same area as the rHUEPG standard are

&
fa

darker than »'::ther isoform bands of the sampla.

2y these bands have the same plas the corresponding bands of the tHuEPC

2% the sample contains the three bands that corrgspond 1o the pl of bands 0, -

i, and -2 of the rHUEPD standard {sse description for figure 3);
4y thes Two-Band Halio’ is grsater
nr the two-band ratip is 1.19,

|
Breidbach et.zl.Clin Cherm 2003, 48.801-907)

2} Parcent basic isnlorms:

ter than 6. The upper 9% confidence interval
Note: the rakio 18 not a linear funciion {see

In addition, sample +SHREEEY s positive for THUEPO according to the ‘percent basic
isoforms’ criteria. Tha percent basic isoforms is 89%, This method has heen the
subject of aiscussion in various expart committees hosied by the I0C and it has been
described in an extended absiract by Pascual et. al. (Schaenzer etal.leds.) Recent

- Advances in Doping Analysis/ Proceedings of the Manfred Donike Workshop.

2002:135-144). In addition the method is discussed in a Court of Arbitration for Sport
gecision {CTAS 2001/A/345 Roland Maier v/ Swiss Cycling) wherein a value greater

than 80% was deemed o be positive
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PHONE {310 £23-7833

FPAX {310) 3045077

CONFIDENTIAL

June 21, 2604

Terry Madden

The United States Anti-Doping Agency
2550 Tenderfoot Hill 8t., Suite 200
Colorado Springs, CO 80806-7346

RE: Specimean numbergs
Dear Mr. Madden

Please find enclosed an addendum {0 the documeniation package for the case
identified above.

Please feel free to call i you have any questions.
Sincarely,
g o
¢ g
L'az 7,

Deon H. Catlin, M.D.
Director
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SAMPLE IDENTIFICATION:
Organization requsstng test: USADA
Date of sample collaction: Mar 18, 2004
Site D: OOC

Susace identified: recombinant human Erythropoietin {rHUEPGC)

TABLE OF CONTENTS
“A” SAMPLE CONFIRMATION DOCUMENTATION
Table 1 : Results of densitomatry . .. .. ... ... . L
“BY SAMPLE CONFIRMATION DOCUMENTATION

Table 2 : Respbis of densifometry . ... ..., ... e e e e
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Band N 7 Peak a-%ea_

-4 L 37357
3 232807
-2 -163?%6
-1 553275
0 382344
1 99292
2 39435
3 24381

4 14888
5 10688

Table 1: Peak areas of the A confirmation of this sample

Densitometry has been usad 1o convert the band densities (darkness) into areas
{see documnentation package page 27). From these areas the ‘Two-band ratio’
and the 'Percent basic isoforms’ have been calculated. For the ‘Two-band ratio’
the sum of ths areas of bands -1' and -2’ is divided by the sum of the areas of
bands ‘1'and ‘2.

The value for the TBR is 7.3 ((553275+463736)/(99292+39495)).

For the 'Percent basic isoforms’ the sum of the areas of the basic bands (0, -1, -
2, etc.) is divided by the sum of the areas of all bands and then multiplied by 100.

The value for the ‘Percent basic isoforms’ is 83.8 %.
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Band Peak area
-4 22180
) -3 204283
2 510806
-1 565432
g 7 52?§7§ 7
1 125182
2 47359
- 3 29572 B
4 21253
B 12197

Table 2: Peak arsas of the 8 confimmation of this sample

Densitomatry has been used to convert the band densities (darkness) into areas
{see documentation package page 27). From these areas the Two-band ratic’
and the ‘Percent basic isoforms' have been calculated. For the "Two-band ratio’
the sum of the areas of bands ‘-1 and -2’ is divided by the sum of the areas of

bands 't"and ‘2,
The value for the TBR Is 6.8 {(665432+510908)/125182+47359)).

For the ‘Percent basic isoforms’ the sum of the areas of the basic bands ‘0, ~1, -
2', etc.) is divided by the sum of the areas of all bands and then multiplied by 100.

The value for the ‘Percent basic isoforms’ is 88.1 %.
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CONFIDENTIAL

s Anti-Doping Agency
dertcot Hill St., Suite 200
S rings, CO 80808

RE: Specimen numbe@

l nse fo your fax of today, sed an addendum to the
documentaticn package for the :::se iden :.ed aizcv-e.

In our publication (Breidbach A, Catlin OH, Green GA, Tregub I, Truong H, Gorzek J.
%i»ﬁcmr of tHUEPD in Uring by %Suetamﬂ’“ tozusing. Chn Chem 20(30 42:301-307) we
state thal a TBR value greater than 1.19 is associa ted with a risk of 1 in 100, Since
that publication we have increased our rHuEPO free conirol pcmuia‘tion lo B85
sampies, and based on thal data, a TBR value of greater than 1.8 is associaled with a
rigk of 1in 100,000, That is, if 100,000 samples were analyzed we woud expesi 1o
find one sample with a TBR greater than 1.8,

Ploase feel free to call if you have ary guestions

Sincergly,



CONFIDENTIAL
DOCUMENTATION

SAMPLE IDENTIFICATION:
Crganization requesting lest: USADA
Date of sampiz collection: Mar 16, 2008

Site 1D O0C

Substance 10 : recombinant human Erythropoietin (rHUEPO)
TABLE OF CONTENTS
CRITERION FOR POSITIVITY .. .. . o .
“A" SAMPLE CONFIRMATION DOCUMENTATION

Figure 1 : Eiectropherogram wiih iseform patterns and band labesling
according to WADA TD2004EPO draft of Oct 13, 2004 ... . .

SNSRI

Figure 2 : Densftogram ofthisegample .. .. .. .. . . o L.
“B” SAMPLE CONFIRMATION DOCUMENTATION

Figure 3 : Eieciropherogram witi~ isoform patterns and band iabeling
according to WADA TO2C04ERPO draft of Oct 12, 2004 .. . -

Figure 4 : Densitegram of thissample ... ... ... .. . L.
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Densitometry has been used 0 convert the band intensilies (darkness! intc numerical
values {see documeniation package page 27). Those numerical values (paak heights)
ars displaysed next io the individual bands in parenthases. Also shown are the band
IDs {1, 2, 3. 4,...) according to the Worid Anti-Doping Agency’s {WADA! tachnical
document TO2004EFO draft of Oct 13, 2004,

It can be seen that band 2 is the most intense band in the enfire lana, that the sacond
most intense band is band 3, and that there are thrae consacutive, acceptable bands
{hands 1, 2, and 3} in the "basic” area. Therefore the identification criteria of WADA
TD2004EPQ draft of Cet 13, 2004 are satisfied.
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Densitometry has been used o convert the band intensities (darkness) into pumerkcal
vaiues (see documeniation package page 27). Those numgrical valuss [psak heights)
are displayed next te the individual bands in parentheses. Also shown are the band
10s (1, 2. 3, 4....) according 1o the World Anti-Doping Agency’s (WADA) technical
document TDZ004ERD draft of Ot 13, 2004,

It can be seen that band 2 is the mogt intense band in the entire lane, that the secend
most intense band is band 1, and that there are three consecutive, acceptable bands
(bands 1, 2, and 3) in the "basic” area. Therefore the identification criteria of WADA
TD2004EPQ draft of Oct 13, 2004 are satisfied.
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