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(positively charged electrode) and more positive (basic) isoforms will focus nearer to the cathode
(negatively charged electrode). In this way, IEF condenses, or focuses, protein into sharp bands.
Unlike SDS-PAGE electrophoresis, this technique does not separate proteins on the basis of their
molecular weight. 1EF is capable of extremely high resolution with protcins differing by a single
charge being fractionated into scparate bands. I explain the IEF technique in my demonstrative

graphics.

100. It is important to note that a single band on an IEF gel may still not be a pure
selection of one protein glycoform. It is possible — and for complex molecules like EPO, even
likely — that a single band on an IEF gel is comprosed of two or more glycoforms with the

different structures but approximately the same pl.

3. IEF Analysis of Erythropoeietin

101. Micit use of fEPO by athletes looking for a competitive edge is a well-known
problem. The clinical test used to detect the illicit use of recombinant EPO is based on a
difference in charge observed between uEPO and rEPO glycoforms which is detected using an
IEF procedure.™ The procedure is performed by analyzing individuals’ urine. In nommal
(untreated) individuals, urinary EPO can be detected using an antibody®® against EPQ. If first
applied to an IEF gel, many characteristic urinary EPO glycoforms (each differing in charge) can

be detected. Using this technique, one can see that there is a population of EPO glycoforms in an

63 hitp://www.wada-ama.org/rtecontent/document/td2004¢pe_en.pdf

% Antibodies are a part of animal’s immune systems. They are specialized proteins that can bind
to another molecule very specifically and tightly. Anti-EPO antibodies bind EPO tightly, but do
not bind other molecules. In the Erythropoietin Doping Assay anti-EPC antibodies are used to
detect the tiny amounts of EPO molecules that are excreted into the urine.
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untreated individuals® urine. If an individual who has recently received recombinant EPO is
tested using this technique, a different pattern of glycoforms is revealed. Specifically, the
glycoform population present in recombinant erythropoietin is, on average, less negatively

charged than those observed in the population of urinary EPO glycoforms.

102. The EPO IEF test is widely used around the world to identify athletes’ llicit
use of recormnbinant EPO. Many major national and international sporting bodics, such as the
International Olympic Committee routinely administer the IEF test to detect doping with

recombinant EPO.%’

103, The IEF technique for detecting recombinant EPO in urine absolutely depends
on the differences between every individuals’ natural, native urinary EPO and recombinant EPQO.
If the chemical structure of urinary and recombinant EPO were the same, the EPO doping assay
simply could not work. Every natural urinary EPO tested, from many, many individuals, has
been shown to be different from recombinant EPO:

Lasne, F. et al., “Detection of iseelectric profiles of erythropeietin in urine:
differentiation of natural and administered recombinant hormones.”

=  Although some differences were noted between individuals, all natural
urinary EPO patterns were clearly different from those of the various
recombinant patterns. Some patterns comprised minor bands collocated
with the recombinant isoforms, but in a!l cases, the major isoforms presented
pls that were more acidic and more basic than Epoetin and Darbepoetin,
respectively.®

' Cite WADA info. http://www.wada-
ama.org/rtecontent/document/2005 Annual Report En.pdf.

88 Lasne, ef ul. “Detection of isoelectric profiles of erythropoietin in urine: differentiation of
natural and administered recombinant hormones,” Anal. Biochem. 311(2):119-26 at 122 (2002).

46



Case 1:05-cv-12237-WGY  Document 794-4  Filed 07/31/2007 Page 4 of 16

»  The most striking feature is the clcar diffcrence observed from untreated
subjects (natural urinary EPO ) and those from the different recombinant
hormones. In comparison with Epoetin o and B, natural urinary hormone is
mainly composed of more acidic isoforms that are missing in the
recombinant patterns.

Breidbach et al., “Detection of recombinant human erythropoietin in urine by
isoelecrric focusing.”
»  The patterns of urinary isoforms of rHUEPQ differs trom that of endogenous
EPQ. The former are clustered into four or five bands in the most basic
portion of the gel, whereas the latter, which include as many as 14 bands,
overlap with and are parallel to the rHuEPO bands in the basic region but are
also found in the more acidic region.”

*  Although endogenous HUEPQ contains isoforms that focus in the same area
as rHuEPO, there is significant difference between epoetin alta and placebo
groups in the urinary EPQ isofonm pattemns with respect to the density of the
band within one lane.”'

Belalcazar et al., “Assessing the instability of the isvelectric focusing patterns of
erythrepoietin in urine.”

= JEF can be used to differentiate human urinary erythropoietin (uEPO),
recombinant human erythropoietin or epoetin (tEPO) and darbepoetin (novel
ervthropoiesis stimulating protein (N ESP)).72

=  [EF analysis shows additional non-overlapping isoforms of uEPO appearing
at more acidic pl values than those observed for TEPO.. 3

=  The introduction of the IEF and the so-called double-blotting procedure for
the detection of EPO in urine allowed the unambiguous detection of its
abuse. The basis of this protocol is that the endogenous and exogenous

% Lasne, et al., “Detection of isoelectric profiles of erythropoietin in urine: differentiation of
natural and administered recombinant hormones,” Aral. Biochern. 311(2):119-26 at 124 (2002).

™ Breidbach et al., “Detection of Recombinant Human Erythropoietin in Urine by Iscelectric
Focusing,” Clin Chem. 49(6 Pt 1):901-7 at 905 (2003).

™ Breidbach et al., “Detection of Recombinant Human Erythropoietin in Urine by Isoelectric
Focusing,” Clin Chem. 49(6 Pt 1)3:901-7 at 906 (2003).

™ Belalcazar ef al., “Assessing the instability of the isoelectric focusing pattems of
erythropoietin in urine,” Electrophoresis 27(22):4387-95 (2006).

 Belalcazar ez al., “Assessing the instability of the isoelectric focusing patterns of
erythropoietin in urine,” Electrophoresis 27(22).4387-95 (2006).
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substances (rEPO and NESP) have distinct pl values for some of their
isoforms (partially overlapping).”

104. The following are figures from scientific research articles that iliustrate the
differences between urinary EPO and recombinant EPO as detected by the IEF technique. The
first figure is from the 2000 article in the prestigious journal Nafure. It shows an 1EF gel with
the anode at the bottom (so the most basic glycoforms are at the bottom of the gel) with
comparisons between a (non-prior art} purified urinary EPO (lane a); Roche’s recombinant
epoetin beta (fane b); Johnson and Johnson’s epoetin alfa {lane c); urine from a person who had
not received recombinant EPO (lane d); urine from two patients who had been treated with
recombinant epoetin beta (lanes e and f); and urine from two cyclists who competed in the 1998

Tour de France {lanes g and h):"
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 Belalcazar ef al., “Assessing the instability of the isoelectric focusing patterns of
erythropoietin in urine,” Electrophoresis 27(22:4387-95 (2006).

* Note that some [EF gels, like this one, are depicted with the ancde (positive pole) down,
whereas others shown below are depicted with the positive pole up. It makes no difference in the
analysis, except one has to flip the gels over to compare.
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105. The figure from the Lasne paper above clearly shows the structural difference
between EPO found in normal urine (lane d) and two recombinant urines (lanes b and ¢). As can
be plainly seen, there are isoforms of urinary EPO that are not found in recombinant EPO (at
least eight bands at the bottom of lane d) and there are at Icast two isoforms of recombinant EPO
that are not found in whole urinary EPQ (top two bands observed in lanes b, ¢, ¢, [, g, and
perhaps h). The authors conclude that this difference in isoforms permits the identification of

recombinant EPO in urine (lanes ¢, f, g, and h).

106. This gel is directly contrary to Dr. Bertozzi’s assertion that urinary EPO has
all the isoforms found in recombinant EPO. There are at least two isoforms that are present only

in recombinant EPO and not urinary EPO.

107. In light of my criticisms above concerning Dr. Bertozzi’s analytical
mcthodology, | would like to contrast my reliance on published reports concerning the EPO
blood doping test to Dr, Bertozzi’s reliance on experiments performed on purified urinary EPOs
that were not in the prior art. The doping assay looks at all the isoforms of EPO that are present
in an individual’s urine. Therefore, the data shows all the isoforms of urinary EPO produced by
the body that are present in a detectable quantity. Because it is not possible to purify an isoform
that is not present in the starting material, [ consider the results of the doping test on whole ﬁdne
a reasonable indicator of all the isoforms of EPO that could have been present in any prior art
urinary EPO. Contrast this to a comparison of recombinant EPO to a purified urinary EPO that
was produced differently than the prior art EPO, such as those Dr. Bertozzi considers. These

preparations each probably represent only a subset of all the glycoforms of urinary EPO, and as
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such may distort any comparison to recombinant EPO.

108. The next figure is Figure 4 from Lasne ez a/., “Detection of isoelectric profiles

of erythropuietin in urine: differentiation of natura! and administered recombinant hormones.”"®

A B € n

Fii. 4. [EF paticms of uetsary EFO: pexucal EPO (A, J4h alter a e
imjocLion of Eprex (B}, Ak sfier & wvertb injection. of Fpowe (F-weed
Ieklingal) (C) For commparison, the [EF pactemn of pere fHulb PG
(Epetin o) is shown in D. Axede b w1 the boom of the Agure.

109. This article by Lasne and colleagues confirms the results in the 2000 Nature
paper. It also shows that urinary EPO has glycoforms not present in recombinant EPO and that

recombinant EPO has glycoforms not present in urinary EPO.

110. Lastly, Don Catlin’s laboratory at UCLA has also published on the EPO
doping IEF assay. Figure 3 from Breidbach et @/, again demonstrates the difference between

recombinant and urinary EPQ:”’

7 Anal. Biochem. 311(2):119-26 (2002) at 123.

77 “Detection of Recombinant Human Erythropoietin in Urine by Isoelectric Focusing,” Clin.
Chem. 49(6 Pt. 1):901-7 (2003) at 905. Note that unlike the IEF gels shown above, this figure
shows the anode {positive pole) at the top, instead of the bottom, so the urinary EPO glycoforms
are seen below the recombinant EPO isoforms.
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111. As can be seen by comparing the first lane (8), which has a mixture of
recombinant EPO and Aranesp® product and the second lane (QCN), which is normal urine, it
is clear that Catlin’s group confirmed Lasne’s conclusions that urinary and recombinant EPO
each have some glycoforms in commen and some glycoforms that are different. The rest of the
gel demonstrates the suitability of the IEF test for identifying individuals who are doping with

recombinant EPQ.

112. Even before the anti-EPC doping test was perfected, Wide and his colleagues
very clearly identified the charge differences between urinary and recombinant EPO. In
particular the authors measured the medjan charge for urinary and recombinant EPO and found
them to be significantly different:

The recombinant Epo preparatlons had a median charge which was much less

negative than that of the 2* IRP for Epo and of the Epo in serum in healthy

individuals. As the polypeptide chain of recombinant Epo is claimed to be
identical with that of human Epo, it seems likcly that the differences are due to
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different degrees in glycosylation.”

113. The authors showed a clear difference in median charge between tEPO and

the 2™ International Reference Preparation of urinary EPO:
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st o soabe which e G insigits of
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& § \1 \ ® icwritical. The vartical st indualy the
gy v . median slectrophoredic mobllies. AMLL
b 02 as (13 o w0 albumin mobllity unlt; &, N0odE
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114. The authors further stated:

The method used in this study to discriminate the differences between rhEpo and
endogenous Epo is based upon the observation that the electric charge of the two
Epo forms are different. The rhEpo is less negatively charged and has a lower
mobility at electrophoresis than the endogenous Epo in healthy individuals.
The thEpo preparation used in the current study was from Boehringer Mannheim
GmbH in collaboration with the Genetic Institute, and has a median mobility of
594 mAMU. Preparations from this manufacturer and from Amgen, Integrated
Genetics Ine, in collaboration with Behringwerke AG and the Snow Brand Milk
Products Co. Ltd. had similar mobilities with this electrophoretic technique. The
manufacturer used three different types of cells for synthesis of thEpo: Chinese
hamster ovary cells, baby hamster kidney cells and the C127 mouse fibroblast cell
line. It is interesting to note that the charge of the thEpo preparations is similar to
that of human liver Epo forms and forms produced by tumors in human tissue. Jft

™ Wide et al., “Molecular charge heterogeneity of human serum erythropoietin,” Br. J.
Haemarol 76(1):121-7 at 126 (1990).
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seems that the human kidney has a unique capacity to produce the more acidic
isaforms of Epo.”

115. The authors also demenstrated a clear difference between rEPO in urine and

in the EPO glycoforms found in the urine of the same patient before treatment:

™ Wide et al., “Detection in blood and urine of recombinant erythropoictin administered to
healthy men,” Med. Sci. Sports Exerc. 27(11):1569-76 at 1574-5 (1995) (emphasis added).
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116. The IEF test for recombinant EPQ in urine has been shown to be effective for

every recombinant EPO tested. For example, it was recently shown by the World Anti-Doping

Agency (“WADA”) that epoetin delta, which is produced in recombinant human cells, can be

differentiated from urinary EPO by the IEF test:
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A new version of EPO, the anemia treatment that sports cheats use to boost their
stamina, is traceable in drugs tests after anti-doping enforcers got early access to
the product.

“Athletes who use it will be in for a nasty surprise,” Olivier Rabin, science
director of the Montreal-based World Anti-Doping Agency, or WADA, said in an
interview. “People thought it would be impossible to detect but we’ve carried out
research and it is detectable.”

Shire Ple, the U.K.’s third-largest drugmaker, last week started selling epoetin
delta under the Dynepo brand in Germany and said it expects to begin marketing
in other European countries “in the coming months.” Epoetin delta is made from
kuman cells. Previous derivatives of erythropoietin, known as EPO, came from
animals such as hamsters and showed up in urinc testing because they differ from
naturally produced human cells.

Anti-doping agencies, aided by drug manufacturers, are tracking a “new
generation” of EPQ products, according to Patrick Schamasch, the International
Olympic Committee’s medical director. WADA has a budget this year of $23
million to combat a doping industry that Spanish Secretary of State for Sport
Jaime Lissavetzky, citing Interpol figures, said was more than $19 billion in 2003,
bigger than the global trade of social drugs like cocaine and marijuana.

Developed to treat anemia in cancer and kidney-disease patients, EPO drugs
stimulate the production of red blood cells. Athletes have illegally used EPO to
increase stamina since the 1980s -- red blood cells carry oxygen to the body,
thereby increasing its ability to sustain aerobic activity for longer perieds. Sports
authorities didn’t introduce a test for EPO until 2000.

Tainted Medals

Cross-country skiers Johann Muehlegg and Larissa Lazutina gave back their
Olympic gold medals at the 2002 Winter Games after testing positive for EPO
drug darbepoetin. Cyclist Roberto Heras was stripped of his record fourth Tour of
Spain title after testing positive for EPQO in 2005. Eight of 96 blood samples
examined last year in a Spanish judicial probe into a suspected doping ring
contained EPO.

Cyclists get EPO on the black market - it costs 600 euros (3797) for six vials -
injecting small amounts over a long period to boost fitness, according to former
rider Jesus Manzano, who has confessed to doping.

In October, Mario Zorzoli, chief medical officer of cycling ruling body Union
Cycliste Internationale, said that ““in theory” epoetin delta would be impossible to
differentiate from naturally produced human cells in urine samples,
cyclingnews.com reported at the time.
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Final Tests

WADA contacted Basingstoke, England-based Shire about the product in 2005,
when the company acquired the European rights to it as part of the purchase of
Transkaryotic Therapies Inc.

“We were happy to cooperate,” company spokeswoman Jessica Mann said. “We
have not paid them anything. We have provided them with the product to conduct
trials.”

WADA, which says it’s been tracking the development of epoetin delta since
2003, is now “fine-tuning” research on the drug to find out how long it stays in
the body and is detectable in samples, Rabin said.

“Generally speaking, we’ve got very, very good relationships” with
pharmaceutical companies, Rabin said. “We’re actually working on drugs that
will be on the market in five years® time or more.”

Other compeanies that make EPO drugs include Basel, Switzerland-based Roche
AG and Amgen Inc., which has its headquarters in Thousand Oaks, California.

“There has been collaboration for a long time with pharmaceutical companies but
it has accelerated the last four or five years,” the IOC’s Schamasch said. “The
gap between the cheats and ourselves is getting smaller and smaller.” 5

117 Every individual’s uEPO is more negative than recombinant EPO —
otherwise there would be false positives in the IEF doping test. Likewise, every rEPO is less

negative than uEPQ, otherwise the highly sulfated EPO would be the doper’s drug of choice.

118, Because the set of glycoforms in Lin’s recombinant EPO is different from the
set of glycoforms in every individual’s urinary EPO, it must have been different from

Goldwasser’s uEPO preparation.,

119. Dr. Bertozzi mentions in several places in her report that the IEF technique is

8 EPO From Human Cells Can Be Traced in Doping Tests, WADA Says, By Alex Duff, March
21, 2007 (Bloomberg).
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not mentioned in Dr. Lin’s specif'mation.3l I find this observation to bc of no moment. First, the
differences between recombinant EPO and the prior art urinary EPO existed in 1984, whether or
not there was an analytical technique available to detect them. Second, IEF was well-known and
in wide use in 1984. 1undcrstand the Court made a factual finding to this effect in the Amgen v.
Hoechst case: “Another technique employed by those skilled in the art in 1983 was isolectric
focusing (‘I‘E‘,F’).”52 [ also note that the Ikegami reference cited by Bertozzi used an

electrofocusing technique to purportedly purify urinary EPO in 1977

120, Another conclusion that follows from the success of the clinical test for
recombinant EPO is that the addition of the excess negative charge observed in uEPO must occur
in the kidney cells that normally make EPO. If the negative charge were added after the EPO is
secreted from the EPO-producing cells, then the negative charge would also be added to

recambinant EPO in the serum or urine.

121. Likewise, Amgen and others have tested many other recombinant EPOs on the
market around the world and shown that each of them has approximately the same IEF pattcrn as
Amgen’s Epogen®, and therefore clearly different than urinary EPO. Morc specifically, none
have been found to be significantly more negatively charged than Epogen. For example,
Schellekens tested eight recombinant EPQs from around the world and found that the differences

between these samples predominantly consistent of additional more-positively charged bands

¥ See, e.g., 19 43, 104, 120.
82 gmgen, Inc. v. Hoechst Marion Roussel, Inc., 126 F. Supp. 2d 69, 125 (D. Mass. 2001).
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than found in the recombinant EPQ standard, Epoetin alfa (“E" in the figure below).¥

Sample | Expiration Date | Concentration IU/ml) | Countiy*
1A _ Apnl M00s L . Koten
BES Angiy 2004 4000 Koren
A AupsetN03 | T  Karen
I Vf}-f:'m'sl‘wr 3(3'93 . WD Kr.stwmwﬂ
Fanumw 2004 10a0 : Keren
Taguay 2061 _iaoen o Koren
Agp 2022 01090 L Atpentima
oy 2003 0000 L et
; 1000 Tndia
: 10.000 Chan
August 333 Chig

| sLacatson where the marketed samples were obtamed,

# B

Cottipds |

Aripte
Dsampes B B sa B ovA HB Wy ¥ g W
122, At most, a single additional acidic isoform was observed, not the more basic

# gchellekens., “Biosimilar epoetins: how similar are they?” EJHP 3:43-47 (2004). “This study
shows that epoetin products from manufacturer outside Europe and the USA. differ widely in
composition. Although this does not necessarily mean that these products are clinically inferior
to the innovator product, some of the products failed to meet their own specifications, indicating
that some of the manufacturers do not have adequate control over their production process.” At
46.
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forms observed in urinary EPO:

IEF was used to identify the isoelectric point of ¢ach sample, along with its
unique isoform protein pattern. The number of isoforms visualized, relative
sbundance, and position within the pH gradient provide information about the
tested protein, Isoform pattern comparisons are used to indicate uniformity and
consistency within a production batch and to compare protein from different
sources. The isoform patterns for epoetin alfa and the biosimilar epoetin samples
are shown in Figure 1. Four major and two minor isoforms were identitied in the
epoetin alfa control. Two additional basic isoforms were identified in samples TA
and B,V,VIl, and VIII, and three additional basic isoforms were identified in
sample V1. An additionat acidic isoform was identified in samples [1B, {lIB, 1V,
and V. Variation in the intensity of isoform bands in comparison to epoctin alfa
was noted fot samples IV,V, VLVI, and v

123, Since the glycoforms of urinary EPQ are largely morce negative than those in
epoctin alfa, this result further supports the observed differences between urinary and

recombinant EPQO.

124. When it tested three other recombinant EPOs from Korea, Amgen observed

very similar results to Schellekens:**

¥ Schellekens, “Biosimilar epoetins: how similar are they?” EJHP 3:43-47 at 46 (2004).

%5 park et al., “Analytical Comparisons Of Erythropoictin Products From Korea and US Epoetin
alfa Manufactured By Amgen,” poster presented at XLIIT ERA-EDTA Congress — July 15-18,
2006. Again, this gel shows the positive pole at the top, not at the bottom.
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