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MEMORANDUM AND ORDER
PATTI B. SARIS, United States Magistrate.

[. INTRODUCTION

*1 This action is about the highly competitive race
between two leading biotechnology companies,
among others, to clone the gene for the human
hormone erythropoietin (* EPO” ). A glycoprotein
which stimulates red blood cell production, EPO is
useful in the treatment of anemia, especially chronic
anemia associated with end stagerenal disease.

Plaintiff Amgen, Inc. (* Amgen” ), a biotechnology
company located in Thousand Oaks, California, was
the first to clone the gene in October, 1983, when
inventor Dr. Fu-Kuen Lin obtained the amino acid
sequence for EPO and designed two sets of probes to
isolate the EPO gene from a “ genomic library,” a
mixture containing most, if not al, of the human
genes. Amgen filed an application for a patent on
December 13, 1983 in the United States Patent and
Trademark Office (* PTO" ). After rgections by the
various patent examiners of the claimsin three prior
applications, U.S. Patent No. 4,703,008 (the “ * 008
patent” ), entitted “ DNA Seguences Encoding
Erythropoietin,”  was issued on October 27, 1987.
The patent claims genetic materials and genetically
engineered host cells useful in the recombinant
production of erythropoietin.

Defendant Genetics Institute, Inc. (* GI” ), a
biotechnology company located in Cambridge,
Massachusetts, was the second to clone the gene. Dr.
Edward Fritsch, using a similar technique to Dr.
Lin's, isolated the genein July, 1984, and on January

3, 1985, Gl filed its '258 patent application with the
PTO. GI does not contest that Dr. Lin was the first
actually to clone the gene, but, among other things,
argues that Dr. Fritsch invented the methodol ogy
necessary to clone the gene in December, 1981
before Dr. Lin conceived of it and that by 1983 Dr.
Lin's methodology was obvious. On May 9, 1989, the
PTO declared an “ interference’ between the * 258

application and the* 008 patent.

Gl is also the owner of U.S. Patent No. 4,677,195
(the * ‘ 195 patent” ), entitled “ Method for the
Purification of Erythropoietin and Erythropoietin
Compositions,” which was issued on June 30, 1987.
The patent application wasfiled on January 11, 1985.
Defendant Chugai Pharmaceutical Co., Ltd. ("
Chuga” ), a company located in Tokyo, Japan, is the
exclusive licensee of this patent. Inventor Dr. Rodney
M. Hewick claims as his invention, among other
things, “ homogeneous erythropoietin” which has
certain weight and biological activity characteristics,
and which rises as a single peak on reverse phase
high performance liquid chromatography. On January
31, 1989, Judge William Young issued a
Memorandum and Order granting partial summary
judgment in favor of Gl and Chugai on the claim that
Amgen's EPO, manufactured through recombinant
methods, literally infringed the '195 patent. However,
Judge Young did not rule on the validity of that
patent. See Amgen, Inc. v. Chugai Pharmaceutical
Co., Ltd., 706 F.Supp. 94 (D.Mass.1989) (“ Amgen ”

)

Among other things, Amgen argues that the '195
patent isinvalid because the invention was obvious to
those of ordinary skill in the art in 1984, and was
anticipated by the prior art.

1. SUMMARY OF CONCLUS ONS OF LAW AND
FACT

*2 As the late Judge Charles Wyzanski so aptly
wrote, patent cases are “ so satisfactory to try”
because “ [t]he patent lawyer understands better than
most of us that the mystery of the universeliesin the
detail. And to make his lesson clearer the patent
lawyer gives me the benefit of the instruction of the
topnotch professors from the finest technologica
ingtitutes.” C. Wyzanski, J., “ A Tria Judge,” in
Whereas, A Judge's Premises 5 (1965). After trying
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this case, where the quality of the lawyering has been
so high and the expertise of the leading scientigts in
the fields of protein chemistry and recombinant DNA
technology so remarkable, the court is in full
agreement with Judge Wyzanski's assessment.

This case has posed many close and difficult legal
and factual issues. After reviewing the parties
submissions and the evidence, and assessing the
credibility of the witnesses, the court concludes as
follows based on the facts in evidence:

‘008 Patent

1. Defendants have not shown by clear and
convincing evidence that the '008 patent is invalid as
anticipated by Dr. Fritsch's EPO work at Gl in 1981.
(Seep. 67 infra).

2. Defendants have not shown by clear and
convincing evidence that the '008 patent is invalid as
obviousin 1983. (Seep. 84 infra).

3. Defendants have not shown by clear and
convincing evidence that the '008 patent isinvalid for
failure to disclose the best mode of carrying out the
invention, despite Amgen's failure to deposit a
mammalian host cell with a publicly accessible
depository. (Seep. 98infra).

4. Defendants have demonstrated by clear and
convincing evidence that claim 7 of the '008 patent
and claims 8, 23-27 and 29, which are dependent on
claim 7, are invaid under 35 U.S.C. § 112 because
claim 7 does not enable one of ordinary skill in the
art to practicetheinvention. (See p. 112 infra).

5. Amgen did not engage in inequitable conduct
before the patent office, and did not misuse the
patent. (See pp. 121, 125infra).

6. Amgen has not shown that Chugai has infringed
the '008 patent. (See p. 128 infra ).

7. Gl has infringed the '008 patent. (See p. 128 infra
).

8. Amgen has not demonstrated willful infringement
of the'008 patent. (See p. 132 infra).

9. Thisis not an “ exceptional case” which justifies
the impasition of attorneys fees.

'195 Patent

1. Plaintiff has not shown by dear and convincing
evidence that the '195 patent is invalid as anticipated
under 35 U.S.C. § 102. (See p. 133infra).

2. Plaintiff has not shown by clear and convincing
evidence that the '195 patent is invalid as obvious in
light of the prior art. (Seep. 142 infra).

3. Plaintiff has not shown by clear and convincing
evidencethat claims 1 and 3 of the '195 patent should
be invalidated as indefinite. However, plaintiff has
demonstrated that claim 4 of the patent and claim 6,
which incorporates claim 4 by reference, are invaid
as indefinite under 35 U.S.C. § 112. (See p. 146 infra

)

*3 4. Amgen has not shown that defendants engaged
in inequitable conduct in preparing or prosecuting the
'195 patent application. (See p. 157 infra ).

5. Amgen has not shown by clear and convincing
evidence that the '195 patent is invalid as non-
enabling under 35 U.S.C. §112. (Seep. 174 infra ).

6. As decided by Judge Y oung on defendants motion
for partial summary judgment, defendants have
established that Amgen has infringed clams 1, 3, 4
and 6 of the '195 patent. With respect to claims 2 and
5, judgment shall be entered on behalf of Amgen.
(Seep. 181infra).

7. Defendants have not shown that plaintiff has
engaged in willful infringement of the '195 patent.
(Seep. 182infra).
8. Thisis not an “ exceptional” case justifying an
award of attorneys fees to defendants.

[1l. PROCEDURAL HISTORY

The instant action was filed on October 27, 1987 by
Amgen against defendants Chugai and GI. Count |
aleges that Gl has infringed the '008 patent by the
production of recombinant EPO (“ rEPO” ) and by
use of transformed mammalian host cells containing
transforming vectors having recombinant DNA
coding for the production of recombinant human
EPO at its facilities in the District of Massachusetts;
and that Chugai, as a result of a collaborative
relationship with Gl, has induced and/or contributed
to the direct infringement of the '008 patent by Gl.
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Count 11 seeks a declaration that the '195 patent is
invalid under 35 U.S.C. 88 102, 103, and 112. Count
1l seeks another declaratory judgment that
defendants' future activities under collaborative
agreements related to rEPO will infringe the '008

patent.

On or about December 17, 1987, Gl filed an answer
which asserted sixteen affirmative  defenses,
including, invalidity of the '008 patent under 35
U.S.C. 88 101, 102, 103, and 112; file wrapper
estoppel; failure to make appropriate deposits at a
scientific depository necessary to describe the best
mode to practice the invention and to enable the
invention; and the unenforceability of the patent
because of Amgen's aleged inequitable conduct. Gl
also filed three counterclaims. The first counterclaim
alleges infringement of the '195 patent. The second
counterclaim asserts unfair competition. The third
counterclaim seeks a declaratory judgment of the
invalidity and noninfringement of the '008 patent.

On May 3, 1988, Chugai filed an amended answer
and counterclaim. Chugai asserted the same
affirmative defenses as Gl and added a seventeenth
affirmative defense that Amgen misused the '008
patent by attempting to extend the monopoly granted
beyond any reasonable and justifiable interpretation
of the claims by pursuing a complaint before the
International Trade Commission (* ITC” ) in “ bad
faith.” Chugai also asserted four counterclaims.
Counterclaim one alleges infringement of the '195
patent by Amgen. Counterclaim two alleges unfair
competition arising from Amgen's complaint in the
ITC, Amgen's providing the Assistant Secretary of
Commerce with * false and misleading information to
the effect that Chugai had pirated Amgen's patented
technology and was using such technology in Japan
to compete unfairly with Amgen” ; and Amgen's
seeking an orphan drug designation pursuant to 21
USC. 8§ 360bb with the Food and Drug
Administration (* FDA” ) without informing the
FDA of the court's ruling in Amgen that Amgen had
infringed the '"195 patent. Counterclaim three seeks a
declaratory  judgment of invalidity  and
noninfringement of the '008 patent. Counterclaim
four was brought under section 2 of the Sherman Act,
15 U.SC. 8§ 2. Chugai contends that Amgen has
illegally used the '008 patent in monopolizing and
attempting to exclude Chugai from the rEPO market.

*4 The day after Amgen brought this suit in Boston,
Gl and Chugai filed suit againg Amgen, Ortho

Pharmaceutical Corporation and Kirin-Amgen, Inc., a
joint venture company of Amgen and the Japanese
company, Kirin Brewery, in the Central District of
Cdlifornia Defendants  counterclaimed  for
infringement of the '008 patent. This Los Angeles suit
is the mirror image of the Boston suit insofar as the
patent issues are concerned.

On February 24, 1988, after hearing ora argument,
the trial court orally granted a motion for partial
summary judgment brought by Chugai and Gl on the
claim that Amgen was infringing the claims of the
'195 patent. Chugai filed a motion for summary
judgment on May 12, 1988, seeking a determination
tha the '008 patent was unenforceable due to
Amgen's alleged acts of patent misuse or, in the
alternative, that the '008 patent contained no process
claims, and thus did not cover Chugai's process of
manufacturing recombinant erythropoietin. The court
granted Chugai's motion for partial summary
judgment only to the extent of ruling that the '008
patent does not contain a process claim. The written
decision in Amgen was issued on January 31, 1989.

Meanwhile, the proceedings before the ITC were
ongoing. Amgen filed its first complaint against
Chuga with the ITC on January 4, 1988. After a
period of discovery, on January 10, 1989, the
adminigrative law judge made an “ initid
determination” that the “ claims of the ‘008 patent do
not cover a process which is used to manufacture
EPO.” On February 3, 1989, Amgen filed a second
complaint with the ITC. On April 10, 1989, the ITC
dismissed the first complaint for lack of subject
mater jurisdiction. On May 23, 1989, the ITC
decided not to ingtitute an investigation based on
Amgen's second complaint.

On January 24, 1989, the United States District Court
for the District of Massachusetts issued a temporary
restraining order enjoining defendants from, among
other things, exporting, shipping or delivering to
others certain recombinant EPO. On February 2,
1989, the court heard ora argument on plaintiff's
moation for a preliminary injunction. At the outset, the
trial judge noted that the case “ cried out for a trial”
by year's end. On February 7, 1989, the court issued
an order finding that Amgen had shown a reasonable
likelihood of success on the merits of the validity of
its patent; that it would suffer irreparable injury due
to the needs of an incipient market and attendant
burdens on a new company; that the balance of
equities was best struck by mandating an injunction
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that required the defendant Gl to place with the court
all profits of the sale of EPO; and that asto the public
interest, “ recombinant EPO is an extraordinarily
valuable medicine that promises marked relief from
rena failure” Because of this public interest, the
court would not enter an order to delay or prevent
production or shipping of erythropoietin.

In order to expedite a trial, the parties consented to
trial before a magistrate. The case was referred to a
magistrate on February 7, 1989. Discovery was
expedited. The parties agreed to share documents and
deposition transcripts produced during discovery
before the ITC. Depositions took place as many as
six days a week.

*5 The bench trial commenced on August 7, 1989,
and testimony concluded on October 19, 19809.
Closing arguments were held on November 9, 19809.
By agreement of the parties, the trial was bifurcated
into a liability and damages phase. The court ordered
that the parties' claims of “ willfulness” would be
litigated as part of the liability phase, and that all
affirmative defenses would be considered in the
initial stage, including charges of patent misuse.
However, the court held that the counterclams
alleging unfair competition and antitrust violations
would not be included in this phase.

V. CLAIMS OF INFRINGEMENT

Amgen aleges that the following claims in the '008
patent have been infringed by defendants:

2. A purified and isolated DNA sequence consisting
essentialy of a DNA sequence encoding human
erythropoietin.

4. A procaryotic or eucaryotic host cell transformed
or transfected with a DNA sequence according to
clam 1, 2 or 3 in a manner alowing the host cell to
express erythropoietin.

6. A procaryotic or eucaryotic host cell stably
transformed or transfected with a DNA vector
according to claim 5.

7. A purified and isolated DNA sequence consisting
essentiadly of a DNA sequence encoding a
polypeptide having an amino acid seguence
sufficiently duplicative of that of erythropoietin to
allow possession of the biological property of causing
bone marrow cells to increase production of

reticulocytes and red blood cells, and to increase
hemoglobin synthesis or iron uptake.

8. A cDNA sequence according to claim 7.

23. A procaryctic or eucaryotic host cell transformed
or transfected with a DNA sequence according to
clam 7, 8 or 11 in amanner alowing the host cell to
express said polypeptide.

24. A transformed or transfected host cell according
to claim 23 which host cell is capable of
glycosylating said pol ypeptide.

25. A transformed or transfected mammalian host
cell according to claim 24.

27. A transformed or transfected CHO cell according
to claim 25.

29. A procaryotic or eucaryotic host cell stably
transformed or transfected with a DNA vector
according to claim 28.

Defendants allege Amgen has infringed the following
claimsin the '195 patent:

1. Homogeneous erythropoietin characterized by a
molecular weight of about 34,000 daltons on SDS
PAGE, movement as a sngle peak on reverse phase
high performance liquid chromatography and a
specific activity of at least 160,000 |U per absorbance
unit at 280 nanometers.

3. A pharmaceutical composition for the treatment of
anemia comprising a therapeutically effective amount
of the homogeneous erythropoietin of claim 1 in a
pharmaceutically acceptable vehicle.

4. Homogeneous erythropoietin characterized by a
molecular weight of about 34,000 daltons on SDS
PAGE, movement as a sngle peak on reverse phase
high performance liquid chromatography and a
specific activity of at least about 160,000 IU per
absorbance unit at 280 nanometers.

6. A pharmaceutical composition for the treatment of
anemia comprising a therapeutically effective amount
of the homogeneous erythropoietin of claim 4 in a
pharmaceutic[a]lly acceptable vehicle.

V. GENERAL BACKGROUND CONCERNING
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PROTEINS ™M
a. The characteristics of EPO.

*6 EPO is a hormone which is produced naturally in
healthy individuals, and isthe only hormone required
for regulating the level of red blood cells which are
found in the norma individual. (Tr. 1, 100). A
hormone is a protein (also called a polypeptide)
which is made in one céll, is secreted from that cell,
and then acts on another cell in another organ. (1d.).

EPO is made in the kidney. (1d.). A small amount is
also produced in the liver of adults and the liver of
developing mammals-fetal liver. (1d.). It circulates
from the kidney or liver through the blood stream to
the sites where blood cells are made, usually the bone
marrow and perhaps the spleen, to stimulate the
production of red blood cells. (Id.). In the bone
marrow, the EPO acts on standing populations of red
blood cell precursors. (Id.). Precursors are cells
which are committed to become red blood cells but
which are not yet fully differentiated and released
into circulation. (Tr. 1, 101).

EPO, asit exists in nature, is a very complex three-
dimensional protein configuration consisting of 165
amino acids. (Tr. 1, 96-97). Altogether, there are
twenty different amino acids, which, in their linear
array, determine how proteins will fold and what
their activity will be. (Tr. 1, 97-98). The amino acid
sequence of EPO begins at residue 1, called the
amino terminusor “ n” terminus, and ends at residue
165, cdled the carboxyl terminus. (Tr. 1, 97). A
residueis another term for an amino acid. (Tr. 1, 99).

EPO is a glycoprotein. That means that sugar
residues capped with a molecule called salic acid are
linked to a particular amino acid. (Tr. 1, 98-102).
There are four glycosylation stes in the EPO protein.
(PX 288). In addition, there are two disulfide bridges
between amino acids, which are important covalent
bonds necessary to ensure the proper folding of the
molecule. (Tr. 1, 103). In the absence of
glycosylation and the disulfide bridges, the EPO
molecule is not very stable and is not very active in
the body. (Tr. 1, 103). The protein EPO is depicted in
Figure A.

b. The cdlular processes for synthesizing proteins.

A cdl isavery complicated structure. (Tr. 3, 14; DX
751). Within each cell is a nucleus that contains

chromosomes. (1d.). DNA is the genetic materia in
the chromosomes which controls and determines all
of the things that an organism does or is. (Tr. 1, 105-
106). It encodes the proteins of the cell and it also
contains the information for directing its own
replication or growth. (Tr. 2, 4). It is found in every
cell in the human body. (Tr. 2, 4).

DNA is a vey long linear arrangement of
nucleotides, which are also called bases. (Tr. 1, 106).
There are only four nucleotides: adenine (A); guanine
(G); cytosine (C) and thymine (T). (Tr. 2, 15). These
bases are also present in RNA, except that thymineis
substituted by a base called uracil (U). (Tr. 2, 15).

DNA is composed of two complementary strands
which coil around each other in a double helix, called
the Watson-Crick double helix. (Tr. 2, 32-33). If
adenine is the base in one chain, the corresponding
base in the other complementary chain will be
thymine; and if cytosine is the base in one chain, the
corresponding base in the complementary chain will
be guanine. (Tr. 3, 16). These are called the
complementary base pairs. (1d.).

*7 A gene contains a unique DNA sequence of these
A's, G's, C's and T's which code for a particular
protein like EPO. (Tr. 1, 106-107). A gene is the
segment of the double heix which has the
information to enable the cell to make a particular
protein. (Tr. 3, 19). Each double helix contains
thousands of genes, each of which encodes a different
protein. (Tr. 3, 20). The coding sequences in a gene
are called exons. (Tr. 1, 108). There areregionsin the
gene between the exons, caled introns, which do not
code for the protein. (Tr. 1, 108). Introns are
sometimes called intervening or silent sequences.

Surrounding the nucleus is the cytoplasm where
proteins are made. (Tr. 3, 17). The synthesis of
proteins takes place over a series of several steps.
The first step is the creation of messenger RNA (“
mMRNA" ) in the nucleus from a strand of the double
helix. For every A on the chain, the mRNA gets a
complementary base of U; and for every G on the
strand, the mRNA gets a C. The mRNA reflects the
DNA sequences of the exons in a gene, not the
introns. (Tr. 2, 45). Every three bases in the mRNA
forms a codon, which specifies a particular amino
acid in the protein. (Tr. 3, 21). The mRNA which is
produced in the nucleus then travels to the cytoplasm
where the geneis made. (Tr. 3, 22).
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The cdl's mechanisms, like the ribosome, which is an
organelle in the cytoplasm, read the codons in the
MRNA to determine what amino acids are necessary
to synthesize the gene. (Tr. 3, 22-23). The cdl
manufactures a type of RNA called transfer RNA (“
tRNA” ) which has a complementary base pair to the
MRNA. (Tr. 3, 24-25). There is a tRNA for each
codon in the mRNA. (Tr. 3, 24). The tRNAs are the
adapters which read the codon sequences by using a
complementary codon to put the proper amino acids
in place. (Tr. 3, 25). For example, if the codon is
CGC, the cell knows that the next amino acid needed
for the protein chain is the amino acid arginine. (Tr.
3, 22). Through the tRNAS, the amino acids are
added to the chain one at atime, and when the geneis
completely read, the protein or polypeptide has been
made. (Tr. 3, 25). There are special codons on the
MRNA which are stop signals. (Tr. 3, 25-26).

The EPO gene, containing about 4,000 nucleotides, is
not a very large gene by most standards. (Tr. 1, 107-
108). This is one of the reasons it was a good
candidate for cloning in 1981. (Tr. 3, 117). The DNA
sequences in the EPO gene are set forth in Figure 6A-
E of the '008 patent. (PX 2). Figure 4 of the '008
patent depicts the exons as black boxes on the “
arcuate’ or curvy line; the introns are the lines
between those boxes. (1d.).

¢. Recombinant technology for the production of
protein.

A rough sketch of the technology used prior to 1983
for cloning a gene will provide useful background for
understanding the claimed inventions here. Cloning a
gene means obtaining or “ isolating” the portion of
the double helix which contains the DNA sequences
that the cell uses to create a particular protein, and
pullingit out or “ purifying” it. (Tr. 3, 26, 33-34).

*8 In order to isolate a gene, a microbiologist must
screen a library (also called a pool or bank). (Tr. 3,
28-29). There are essentially two kinds of libraries. A
genomic (* gDNA” ) library is a liquid solution
which idedly contains a set of all the DNA sequences
present in al the genes found in the nucleus of our
bodys cells, athough there is never complete
certainty that every gene is represented. (Tr. 3, 28; 7,
80-81). DNA in chromosomes would be meters long
if it were stretched out. (Tr. 3, 71). It is broken up
into convenient pieces for the process of cloning
using enzymes called “ restriction enzymes.” (Tr. 3,
71). In 1981 and 1982, there was general agreement

in the scientific community that the genomic library
prepared by Dr. Thomas Maniatis, one of the
founders of GI, was a good library. (Tr. 3, 29-30). A
scientist could predict that the gene of interest might
be in the billions of sequences contained in that
genomic library. (Tr. 3, 30).

Another kind of library is a complementary DNA (*
cDNA” ) library, which is much smaller and less
complex than the genomic library. cDNA is a DNA
copy that has been made in a test tube with an
enzyme that reproduces the information in mMRNA.
(Tr. 2, 31). It is made from the messenger RNA of a
particular cell or tissue type. (Tr. 25, 67). To
construct such alibrary, the tissue source for a given
gene must be known. (Tr. 25, 67). By going to the
MRNA in atissue source for a given gene, a scientist
has significantly reduced the overall complexity of
the cloning project because only a small portion of
the human genome will actually be expressed as
messenger RNA. (Tr. 25, 67). A cDNA library is a
much smaller haystack to screen than a gDNA
library. (Tr. 25, 68). Moreover, because the cDNA is
made from mRNA, there are no introns in the cDNA
and a scientist is not faced with the problem of
probes which do not hybridize properly because they
“ gpan” anintron. (Tr. 25, 73).

An oligonucleotide probe, which isa probe involving
a short sequence of nucleotides, can be used to screen
a library and to isolate a gene. Prior to 1983, there
were three approaches to designing a probe. (Tr. 25,
81). To design a probe where the gene has not yet
been isolated, a scientist must know the amino acid
seguence of the protein of interest, or a portion of that
seguence. In 1981, scientists had a table which told
them the codons that code for each amino acid. (Tr.
3, 39). Some amino acids have many different
possible codons. For example, there are four different
possible codons (sets of three bases) that can code for
the amino acid valine which is contained in the
protein EPO: CAA, CAT, CAG and CAC. (Tr. 3, 40).
Before the gene encoding the EPO protein is cloned,
a scientist cannot know which of the four codons will
actually code for valine. (Tr. 3, 40). Therefore, in
designing probes to screen a library for EPO, a
scientist would have to decide whether to cover all
the possi bl e groups of three that can code for valine.
(Tr. 3, 41). A “ fully degenerate” set of probesis a
set of probes which covers all of the possible groups
of three nucleotides that code for each of the
particular amino acids comprising the protein. (Tr. 3,
41). By the end of 1981, there were reports that
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oligonuclectide probes which were fully degenerate
were being used to screen a cDNA library, but not a
genomic library. (Tr. 25, 76-77).

*9 Another grategy in designing probesisto design a
“ guess mer.” (Tr. 25, 77). A mer is a nucleotide.
(Tr. 25, 79). Scientistsin 1981 and 1982 knew from “
codon usage’ principles that certain codons usually
coded for a particular amino acid; therefore, rather
than designing a fully degenerate set of probes which
would anticipate every possible variation, a scientist
would adopt the strategy of designing a probe that
contained the most likely codons. (Tr. 5, 62, 102-
104). These probes were usualy long, between 30
and 88 nucleotides, because longer probes increase
the chance of hybridization even if there is a wrong
guessin afew places. (Tr. 25, 80-81).

In choosing the amino acid sequence from which the
probes will be designed, a microbiol ogist will choose
the sequence with the least degeneracy, i.e., with the
smallest possible number of codon variations. If an
amino acid sequence contains a large number of
amino acids with highly degenerate codons, it is very
difficult to design a completely degenerate probe.
(Tr. 3, 60).

The most commonly used type of probe, and the most
successful, at the end of 1981 was a single long
probe, based on a cDNA clone that was aready
isolated or an aready isolated portion of the genomic
clone. (Tr. 25, 75). This gene would have a perfect
homology with the gene of interest. (Tr. 25, 75).
These kinds of probes were used to screen both
cDNA and gDNA libraries. (Tr. 25, 76).

In order to screen a library, the DNA in the library
must first be denatured to separate the double helix
into two single strands so that a probe may bond or
hybridize with a complementary strand. (Tr. 2, 120-
121). Also, the library must be “ plated.” This means
that a library containing a virus called a phage, which
also contains the human DNA gene, is mixed with
bacteria on agar on a plate. (Tr. 25, 87-89). The virus
kills the bacteria, leaving holes, each hole contains
viruses with the DNA. (Tr. 25, 88). A plate will have
about 5,000 viruses and small holes. (Tr. 25, 89). The
DNA is transferred onto filter paper, amplified, fixed
to the filter paper, and subjected to prehybridization
steps. (Tr. 25, 90-96). It is then ready for
hybridization.

After the probe is synthesized, a radioactive atom is

attached to the probe. (Tr. 25, 97). The solution
containing the probeis poured into a prehybridization
solution, and the probe diffuses through the liquid
and finds the DNA bound to the filter paper. (Tr. 25,
98-99). If there is a good match, the probe will stick
to the filter paper. (Tr. 25, 99). This matching is
caled hybridization, or the bonding of
complementary sequences of two separate strands.
(Tr. 25, 99). After two or three days of hybridization,
the probes that have not hybridized are poured out
into a waste container. (Tr. 25, 101). Thefilter papers
are exposed to x-ray film. (Tr. 25, 102). When the
probe hybridizes with the matching gene on the filter,
an x-ray will reveal a dark spot produced by the
radioactive atom. (Tr. 25, 97).

*10 A high background of radioactivity can cause the
x-ray film to darken to the point where it is difficult,
if not impossible, to discern positive hybridizations.
(Tr. 25, 105-106). Moreover, in isolating a gene with
probes which are based on only part of the sequence
encoding for the desired protein, it is possible that
thase probes also may bind with identical portions of
a gene for other proteins, creating “ false positives.”
(Tr. 25, 117-118).

At that point, the scientist can simply rescreen the
filter with a second set of probes from another region
of the geneif he hasa second set. (Tr. 25, 108). Then
the clones which hybridize with both sets of probes
can be picked. (Tr. 25, 109). Alternatively, the “
positive” clones can be plucked out and plated, and
these can be screened with the second set of probes.
(Tr. 25, 109). Various steps are undertaken to
confirm that the positive clones contain the gene of
interest. (Tr. 25, 110-114).

Once a probe or set of probes screens the genomic
library and isolates the gene of interest, the gene is
inserted or spliced into a plasmid or vector, which is
simply a piece of DNA. (Tr. 3, 69; DX 754). Thisis
another step in the process of cloning. (Tr. 3, 76).

The recombinant production of a protein like EPO
begins with this cloned gene. The recombinant
plasmid or vector with the inserted gene-the cloned
gene-is then introduced, or “ transfected” , into a host
cel. (Tr. 3, 69, 77). The host cdl at that point is “
transformed,” also known as “ transfected.” (Tr. 2,
34). The vector or plasmid is the carrier which brings
the DNA or gene of interest into the host cdl, and
allows the DNA to grow and replicate as the host cell
grows and replicates. (Tr. 3, 73). This method for
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causing a host cell to express a protein is known as
recombinant technology. (Tr. 3, 75).

In a laboratory setting, millions of host cells are
exposed to a large number of identical plasmids or
vectors with the inserted gene. (Tr. 3, 76-77). Some
of the cloned genes will make it into some of those
million cells. (Tr. 3, 77). They enter the cells through
different points in the cell membrane, and lodge at
different pointswithin the cell, some in the cytoplasm
and some in the nudeus. (Tr. 3, 78). Some cells
receive no cloned genes and some receive more than
one. (Tr. 3, 79-81). Theresult is a heterogeneous cell
population with a wide variaion in celular
characterigtics, or “ phenotype” (Tr. 3, 79). Among
other things, the cells differ insofar as the DNA
persists, and the amount of EPO, or other protein,
produced. (Tr. 3, 80).

There are two kinds of host cells, prokaryotic and
eukaryotic. Eukaryotic cells are mammalian, and
prokaryotic cdls are bacterial. (Tr. 3, 70). A
prokaryotic cells does not have its DNA in the
nucleus. One example of a prokaryotic cell isE. Coali.
(Tr. 25, 114). One disadvantage to the E. Cali system
is that it is not capable of adding the n-linked
glycosylation onto a pol ypeptide chain. (Tr. 25, 115).
This means the polypeptide, or protein, will not be
biologically active in vivo. (Tr. 25, 115). There are
different kinds of mammalian host cells. One kind is
the chinese hamgter ovary (* CHO” ) cdl, which is
the host cell used for the stable transformation and
expression of EPO. (Tr. 2, 51). Another isthe COS-1
cell which is a monkey cell. (Tr. 2, 48). The vector
that is used to transfect the COS cell does not become
stably transformed, but instead is maintained as a
circular DNA molecule. (Tr. 2, 48). This particular
state of the DNA is not stable and over a period of
time the DNA in that COS cell, while expressing
EPO or some other protein early on, will be lost from
the cdls. (Tr. 2, 48). It is cdled a transient
transfection or a short-term expression system. (Tr. 2,
48).

*11 In order to determine which cells among the
heterogeneous cell population have been transfected,
the methotrexate (* MTX" ) amplification process is
used. (Tr. 3, 81). MTX is an inhibitor of an enzyme
called dihydrofolate reductase (* DHFR” ). (Tr. 2,
51). DHFR is an enzyme, a protein, that plays a very
important role in the production of the bases for
DNA, for nucleus synthesis and for the growth of
cdls. (Tr. 2, 52; 6, 63). The DHFR gene is included

in the vector which aso contains the gene for the
protein of interest, here EPO. (Tr. 3, 79-81). It is
introduced into host cells which do not contain
DHFR (* DHFR-" ). By December, 1983, gene
amplification utilizing MTX was commonly known
and was a published procedure. (Tr. 2, 52).

Thefirst step in the gene amplification process is that
MTX kills al the cells which have not received the
cloned gene, contained in the vector also carrying the
DHFR. (Tr. 3, 81). Then the concentration of MTX is
increased, thereby reducing the growth of cells
because it prevents them from making nucleic acid.
(Tr. 6, 62). The process of increasing the MTX
concentration is called amplification. (Tr. 3, 84). As
the MTX concentration is increased, the cells go into
a state of crisis, which may last one through three
weeks; those cells which amplify or increase their
DHFR genes are able to make more of the enzyme
DHFR and therefore are able to escape death by the
inhibitor MTX. (Tr. 2, 54; 3, 83; 6, 63). Eventually,
through this process, cells are arrived at in which the
DHFR gene aswdl as any genewhichisclosetoitin
the vector will be amplified perhaps a hundred or a
thousand times. (Tr. 2, 54). That large increase in
gene number is related to a large increase in the
amount of product that those genes can produce. (Tr.
2, 55). After MTX selection, the population of cdlsis
still heterogeneous in that some transformed host
cells may have a hundred copies of the gene while
other cells may have a thousand or just ten. (Tr. 2,
55).

From the heterogeneous population of cdls which
have their genes amplified, “ clones” -that is,
individual, specialized cells making the protein-must
be isolated. (Tr. 3, 84). A procedure called “ limited
dilution cloning,” which was regularly used in 1983,
is employed to separate each cell intoa*® cell well.”
(Tr. 2, 53-56). Every cell that grows up as a daughter
cell from that single cdl is now a clone of the
original parental cell. (Tr. 2, 55). The cell which
produces the most protein isisolated. (Tr. 2, 55).

The purpose of gene amplification and limited
dilution cloning is to obtain a clone, defined as a
progeny of the cell which was transfected with the
cloned gene, with a very high level of expression of
recombinant protein, like erythropoietin. (Tr. 2, 54).
These" amazon” clonesare alowed to grow back up
into ahomogeneous population. (Tr. 2, 56).

Once human EPO is expressed in mammalian cells,
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an “ assay’ , or experiment, must be performed to
determine the “ potency” or “ activity” of the EPO.
An*“invitro” assayiscarried out in atest tube with
the bone marrow cells from an animal. Bone marrow
is the source of the precursor cells for the production
of red blood cells, among other things. The EPO
activates the red blood cell precursors, causing them
to proliferate and differentiate. (Tr. 4, 79). One red
blood cdll turns into thousands of cells, and the in
vitro culture turns red with hemoglobin. (Tr. 4, 79).
The extent to which the cells incorporate radioactive
iron, which is a component of the hemoglobin, is a
measure of the activity of the EPO. (Tr. 4, 80).

*12 Another kind of assay is the in vivo bioassay.
(Tr. 4, 82). This type of assay involves the injection
of EPO into an animal, like a mouse, to determine
whether the animal will increase the production of
red blood cels, and thereby increase the
incorporation of the radioactive iron into the red
blood cells. (Tr. 4, 82).

V1. CLONING AND EXPRESS ON OF EPO
a Cal Tech-1981.

The quest for the EPO gene began at the California
Ingitute of Technology (* Ca Tech” ) when Dr.
Rodney Hewick segquenced erythropoietin obtained
from Dr. Eugene Goldwasser to 26 amino acide
residuesin the fall of 1980. (Tr. 10, 130-131; 11, 29-
30). Hewick took the sequence with him to GI when
he was employed to work therein 1981. (Tr. 10, 118;
11, 17-18; PX 588, p. 006750). In retrospect, the
sequence obtained by Hewick contained question
marks at positions 3 and 7. (Tr. 11, 19-20; PX 588, p.
006750). The sequence also contained an error at
position 24, where Hewick had put the symbol “ K”
for lysine rather than the symbol for the correct
amino acid residue, asparagine. (Tr. 11, 22-23; PX
588, p. 006750). The rest of the sequence was the
actual EPO sequence from the n-terminus. (Tr. 11,
23).

The sequence derived by Dr. Hewick was presented
at the 23rd annual meeting of the American Society
of Hematology in San Antonio, Texas, on December
6, 1981, by Dr. Goldwasser. (Tr. 11, 23-24; 27, 48;
PX 531). Also, the sequence was published in June
1983 in an article by Drs. Sue and Sytkowski. (Tr.
11, 24; PX 531). In the Sue and Sytkowski published
sequence, the third amino acid residue was properly
assigned to proline. (1d.). However, there were errors

at positions 7 and 24. (Tr. 11, 25).
b. Amgen.

Dr. Fu-Kuen Lin is the inventor of the ‘008 patent.
(PX 2). Dr. Lin received a BS degree from the
National Taiwan University in 1964, and a masters
degree in 1967. (Tr. 4, 18). He received a PhD in
1971 from the University of Illinoisin the physiol ogy
of fungi and then took a postdoctoral position at
Purdue University from 1971 to 1973 in cancer
research. (Tr. 4, 19). From 1973 to 1975, he was a
postdoctoral associate at the University of Nebraska,
also in cancer research; after returning to Taiwan for
two years, he went to Louisiana State University
from 1977 to 1979 where his research included
nucleic acid sequencing of tRNA. (Tr. 4, 19-21).
From 1979 to 1981, he worked at the Medical
University of South Carolina where he cloned the
duck globin gene from the genomic library of duck
DNA using a probe made from the mRNA for the
globin. (Tr. 4, 22). He joined Amgen on August 6,
1981, and was one of only seven scientists there. (Tr.
4, 23).

When Lin joined Amgen, he began to work on the
EPO project which was already underway. (Tr. 4,
23). He was project leader of the EPO project from
1981 through 1984. (Tr. 4, 46; 6, 66). His assistant
was Chi-Hwei Lin, norelation. (Tr. 4, 67). Other than
the work done by othersin doing protein and nucleic
acid sequencing, Lin and his assistant were initidly
the only two working on the EPO project. (Tr. 5, 33).
However, when Lin first arrived at Amgen, there was
a woman scientist Maureen Gilmore-Hebert who had
been working on the EPO project but who had
decided to leave, and who did not work on the EPO
project after Lin arived there. (Tr. 5, 79-80). From
1981 to 1983, when the gene was finally cloned, Lin
worked between ten and sixteen hours a day, and
often six or seven days aweek. (Tr. 4, 66).

*13 In 1981, Amgen had some partial, ambiguous
information about the n-terminal amino acid
sequence of erythropoietin. (Tr. 4, 24). In his early
days at Amgen, Lin outlined the research approach
for the EPO project, and among other things,
immediately started work on designing probes. (Tr. 4,
24).

Dr. Marty Cline, a professor from the University of
California, Los Angeles, and a member of Amgen's
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Scientific Advisory Board, was involved with the
EPO project. (Tr. 4, 25-26). During the September-
October 1981 time frame, Lin discussed with Marty
Cline his strategy for the EPO project, and in
particular “ the general approach” of using two sets
of probes to screen genomic libraries. (Tr. 4, 26; 5,
65-67). Cline took notes about Lin's strategy. (Tr. 5,
18-19). At his deposition during the course of the
ITC proceedings, Marty Cline identified certain
handwritten notes dated and taken on October 27,
1981 as his handwriting. (PX 170, p. 46; PX 170A).
These notes contain the following passage:

[1. Phase 2: Jan-Mar 1982.

1. synthesize additional probes if possible and if
necessary

2. screen cDNA libraries with 2 sets of probes

3. if screening of cDNA is negative begin screening
of genomic libraries.

(PX 170A, 170B).

Lin remembers discussing with Cline prior to
October 27, 1981 the screening of cDNA libraries
with two sets of oligonucleotide probes. (Tr. 4, 32).
He also remembers discussing the screening of
genomic libraries with two sets of probes with Cline
prior to October 27, 1981. (Tr. 4, 33). By two sets of
probes, Lin testified he meant two sets of probes
made from different regions of the EPO gene, and
that the sets of probes could be fully or partialy
degenerate. (Tr. 4, 34). However, the notes do not
state whether the probes would be fully degenerate,
and Lin does not recall whether he used the words “
fully degenerate” when talking to Cline. (Tr. 5, 64,
69). Although he was deposed and testified at the
ITC proceedings, and was deposed as part of this
action, Lin never mentioned this conversation with
Dr. Cline until he testified at trial, and said he could
not recall any conversations about his approach. (Tr.
5, 70-71). He reviewed the Cline notes prior to his
trial testimony, and they refreshed his recollection.
(Tr. 5, 72).

On April 28, 1982, Lin wrote a memorandum
concerning an EPO project team meeting on April 23,
1982. (PX 170C). Lin wrote: “ We urgently need a
second region of amino acid sequence to confirm our
clones.” Later in the memorandum, after describing
the alternative routes to looking for the EPO gene,

Lin stated: “ But it is agreed that confirming genomic
clones with a probe from a second region of amino
acid sequence is more direct and less time
consuming.” At the time, Amgen aready had a
number of putative EPO genomic clones, and needed
to find a way to identify which was the real EPO
gene. Although there were several ways to confirm
the gene, many were very time consuming. (Tr. 4,
38). Lin believed the more direct way to find the real
EPO gene was to find an amino acid sequence from a
different region of the EPO protein and to design a
probe from that region which would give a second
site of confirmation. (Tr. 4, 36-38).

*14 Between October, 1981 and April, 1982, Lin
only had n-termind sequence information for EPO
from amino acid 1 through amino acid 26. (Tr. 4, 43).
Lin made many attempts to design probes from the
amino acid information in this region of the gene, but
none were successful in isolating the gene. (Tr. 4, 44-
46; PX 63-19; PX 63-20). In retrospect, the reason
the probes from the n-terminal sequence were
unsuccessful in hybridizing with the EPO gene was
that there were mistakes in the amino acid sequence
information. (Tr. 4, 54).

Beginning in 1981 and continuing through 1982 and
1983, Lin worked with aready existing clones to
create a model system which could be used to probe
for agenethat had not previously been cloned. (Tr. 5,
112-113). One of the conditions explored was the
number of probesthat could be used. (Tr. 5, 113).

Lin's initia strategy in September, 1981 and
continuing through 1982 was to design probe
seguences with the highest probability of success
rather than to use fully degenerate sequences. (Tr. 6,
28-29, 48; DX 405).

On September 24, 1981, Lin ordered 48 probes from
the n-terminal sequence amino acid range 20 through
26. (Tr. 5, 99-100). This set of probes was partialy
degenerate; a fully degenerate set would have had
192 probes. (Tr. 5, 99-101). As of September, 1981,
Lin was not sure whether 192 probes could be used to
screen agenomic library. (Tr. 5, 102).

On February 5, 1982, Lin designed two other sets of
probes which were not fully degenerate from amino
acids 20 through 26 of the n-termina sequence. (Tr.
5, 107).
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Dr. Lin testified that prior to January 12, 1982 he
ordered a fully degenerate set of 32 probes from
amino acid region 18 through 22. (Tr. 5, 108; DX
628). He also testified these probes were “ purified”
on January 12, 1982. (Tr. 6, 8). The document which
Amgen relies on to support this testimony, however,
bears the date March, 1982. (DX 628; Tr. 6, 10). Lin
testified that the lawyers mistakenly relied on this
document which had the probes from this amino acid
region and could not explain why the March, 1982
date was on the document. (Tr. 6, 19). These probes
did not work properly. (Tr. 5, 121).

On March 22, 1982, Lin designed a partidly
degenerate set of eight probes from amino acid range
20-26 out of a possible 192 probes. (Tr. 5, 115). On
July 17, 1982, he ordered one probe from amino acid
range 19 to 25. (Tr. 5, 116). At approximatey the
same time, he ordered another partialy degenerate
set of probes from amino acid range 20 to 26. (Tr. 6,
15).

The first time Lin remembers using a fully
degenerate probe to screen a library was in May,
1982. (Tr. 4, 55-56; 5, 61). Lin encountered problems
in using oligonucl ectide probes with a large number
of nucleotides because these probes created “ high
backgrounds’ on the filters where the screening is
done. (Tr. 4, 56).

On June 3, 1982, Dr. Eugene Goldwasser, Amgen's
consultant on the EPO project, sent Amgen 15
fragments of human urinary EPO. (Tr. 4, 57; 5, 40).
To obtain these fragments, the purified EPO had been
cleaved (or “ digested” ) by the enzyme trypsin and
then separated by a high pressure liquid
chromatography procedure. (Tr. 4, 57; PX 63-21).
Fragments made this way are caled tryptic
fragments. (Tr. 4, 59). Goldwasser cleaved the
protein into smaller pieces to make it easier to obtain
the amino acid sequence information from internal
fragments of the EPO gene. (Tr. 4, 57). Probes can
then be designed from these internal amino acid
sequences. It was important to get these internal
seguences because the probes from the n-terminus
had been unsuccessful.

*15 Lin was not successful in obtaining successful
probes from any of these fifteen fragments which
identified the EPO gene. (Tr. 4, 58). By the end of
1982, Lin felt likea“ lonesome soldier” , because the
company felt so frustrated with the EPO project and
felt it was dead; no one at the company wanted to

touch it. (Tr. 6, 34).

On April 26, 1983, Lin ordered a fully degenerate set
of probes from amino acid segquence region 62 to 67.
(Tr. 5, 117-118). Because there was an error in the
seguence information for position 67, the probes did
not work. (Tr. 6, 25).

Lin obtained additiona tryptic EPO fragments from
Goldwasser at the end of August, 1983. (Tr. 4, 59).
Dr. Por La's department sequenced the fragments
provided by Dr. Goldwasser. (Tr. 5, 43). The probes
designed from these fragments were successful. (Tr.
4, 59). Lin designed three sets of “ fully degenerate”
probes, called EpV, EPO-17, and EpQ, in September,
1983, and ordered them from a branch of Amgen in
Boulder, Colorado which synthesizes oligonuclectide
probes. (Tr. 4, 63; PX 63-29; PX 63-31). Each set of
probes had 128 different sequences. (Tr. 4, 63-64).
The EpV probes, ordered on September 2, 1983, were
from amino acid region 46-52. (Tr. 5, 122-123). The
EpQ probes, ordered on September 24, 1983, were
from region 86-91. (Tr. 5, 123). EPO-17 covered the
amino acid sequence region 18-23. (Tr. 6, 15-16). (A
chart, marked DX 750, outlines all the probes ordered
by Dr. Lin.)

Lin used the following method to clone the gene.
Firg, he “ plated out” the genomic library in “
phage,” which is a virus that infects bacteria, and
fixed the DNA onto afilter. (Tr. 4, 60). He obtained
the genomic library from Dr. Maniatis. (Tr. 6, 27).
He then screened or “ probed” the library by
exposing the filter to the EpV set of oligonucleotide
probes to determine which portions of the DNA the
probes would “ hybridize” or bind with. (Tr. 4, 60).
The probes carried a radioisotope tag which would
signal hybridization. (Tr. 4, 60). After hybridization,
Lin washed off the nonspecific hybridization signal,
and took an x-ray of the filter. The area of
hybridization showed up as a black spot in the film.
(Tr. 4, 60). Then, Lin cooked the filter to remove the
probes, and applied the EpQ set of probes taken from
a different region of the EPO internal amino acid
sequence.™? (Tr. 4, 60-61, 65). He followed the same
hybridization and x-ray procedure. (Tr. 4, 61). He
then matched up the two films; where the black spots
were the same, there was a good chance the EPO
gene had been isolated. (Tr. 4, 61). Lin then matched
the dark spots on the film with the original plate that
contained the phage and picked out the portions of
the phage which corresponded to the spots. (Tr. 4,
61). Those portions contained the clones with the
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positive hybridization signals. (Tr. 4, 61). Then, Lin
went through a rescreening and dilution process to
make sure the phage did not contain contamination
from aneighboring phage. (Tr. 4, 62).

*16 Thisis how Dr. Lin isolated the EPO gene and
pulled it out of the genomic library. (Tr. 5, 55). Dr.
Lin believed that his cloning method was different
from what people had done before, and was a
scientific advance, because he used big 128-sequence
complex mixtures of probes to screen a genomic
library which is a more complex library than one
made up of cDNA. (Tr. 5, 56, 59). He also believed
that the use of 128 probes was a larger number than
others had used to screen a genomic library. (Tr. 5,
95).

The successful cloning of the EPO gene took placein
September or early October, 1983. (Tr. 4, 64-66; 5,
123-124). This was the first time that Lin ever
designed, ordered and used two sets of probes, both
fully degenerate, from two different regions of the
EPO gene to screen a genomic library. (Tr. 5, 91,
124). Amgen (someone other than Dr. Lin)
seguenced the gene to confirm it was the EPO gene.
(Tr. 4, 74).

In late October, 1983, Lin cloned the monkey cDNA
EPO sequence. (Tr. 4, 72). On December 3, 1983,
Lin aso hybridized the human EPO gene to monkey
EPO cDNA so that he could determine from an
electron micrograph which area of the human DNA
consisted of introns, and what the sizes of the exons
and introns were. (Tr. 4, 68-72; PX 63-38).

Lin filed hisfirst patent application on December 13,
1983. (Tr. 4, 74). Amgen issued a press release at
about the same time. (Tr. 4, 76; PX 49). Amgen's
successful cloning of the gene was reported in
McGraw-Hill's Biotechnology Newswatch, dated
January 2, 1984. (Tr. 4, 77).

By January 10, 1984, Amgen had expressed human
EPO in human embryonic kidney cells called “ 293"
cells and in COS cells, which are monkey kidney
cels. (Tr. 4, 75-77; PX 63-39; PX 63-41). Someone
other than Dr. Lin did the work with the mammalian
expression system. (Tr. 5, 51-52). Lin was personally
involved in the E. Coli expression of EPO. (Tr. 5,
52). On February 13 and 14, 1984, Amgen conducted
experiments to show that the recombinant human
EPO produced in the COS cell was biologically
active. (Tr. 4, 80).

On February 21, 1984, Lin filed his second patent
application. (Tr. 4, 81).

From March 1-9, 1984, Amgen conducted an in vivo
bioassay and determined that the recombinant EPO
was biologically active. (Tr. 4, 82-83).

On March 15, 1984, Lin obtained the human full
length EPO cDNA gene. (Tr. 4, 83; 5, 28).

On April 5, 1984, Lin specified the nucleotides
necessary to synthesize a human EPO gene which
could be used for expression in yeast cells. (Tr. 4, 84-
85). When a gene is synthesized by chemical means,
theintronsare excluded, and it is easier to manipulate
the genefor expression in different organisms. (Tr. 4,
85).

By May 2, 1984, human rEPO had been expressed in
CHO cdls. (Tr. 4, 86). Jeff Browne and Ralph
Smalling worked together on the EPO project team,
which Lin continued to head through 1984, to
develop acdl linein 1984. (Tr. 6, 66). In developing
a cel line to express rEPO, Amgen used as starting
material a mammalian host cell called CHO DHFR-
(DuXBll) for transfection. (Tr. 6, 49; PX 2, Col. 26,
1. 51). This host cell was from a cell line devel oped
by Professor Lawrence Chasin a Columbia
University who has no connection with Amgen. (Tr.
6, 49). After transfection, Amgen had a
heterogeneous cell population, and used MTX
amplification and limited dilution cloning to develop
a production cel line. (Tr. 6, 55-56). A
heterogeneous cell population is called a cell strain,
and a homogeneous population developed from one
single cell is caled a cdl line. (Tr. 6, 65, 74). A
master cell bank is created from the cell line. (Tr. 6,
75). A cdl strain cannot be used for production
purposes, only a cel line. (Tr. 6, 98).

*17 By August 27, 1984, five different sublines of
human EPO-CHO (* huEPO-CHO” ) had been
produced. (Tr. 6, 66; DX 336). Browne had chosen
two of the lines, BIl 30/50/100 and BIl 50 for a
radioimmunoassay. (DX 336). Joan Egrie reported to
Lin in September, 1984 that she had studied the
huEPO-CHO cel line BIl 30/50/100 for EPO
production. (Tr. 6, 70). She also conducted a
radioimmunoassay (“ RIA” ) and in vivo assay of the
produced EPO. (DX 337). At that point, Amgen had
narrowed its consideration of cell strains to the Bl
30/50/100 host cell. (Tr. 6, 71). On September 19,

© 2007 Thomson/West. No Claim to Orig. U.S. Govt. Works.



Case 1:05-cv-12237-WGY Document 821-6

Not Reported in F.Supp.

Filed 08/16/2007 Page 13 of 64

Page 13

Not Reported in F.Supp., 1089 WL 169006 (D.Mass), 13 U.S.P.Q.2d 1737

(Citeas: Not Reported in F.Supp.)

1984, Dr. Browne told Lin that amplification of
huEPO-CHO cells with MTX was continuing, and he
was “ getting ready to create a master cell bank from
cel line BIl 30/50/100.” (Tr. 6, 73; DX 295). The
cel strain BIl 30/50/100 was the CHO BIl cel
transformed with the human EPO gene and amplified
through 30 nanomolar, 50 nanomolar and 100
nanomolar MTX. (Tr. 6, 93, 96; 10, 12). Nanomolar
is a concentration measurement. (Tr. 6, 96). This
strain was equivalent to BIl 3,. 1, which is a short-
hand way of describing the amplification process
from 30 nanomolar MTX amplification through 100
nanomolar MTX amplification. (Tr. 6, 99; 10, 12).

By October 19, 1984, Dr. Browne had written a
memorandum to Kirin-Amgen which identified
Amgen's “ current process for the production of
EPO” fromthe* production cdl line, CHO BII 3,.1.”
(DX 347). On October 31, 1984, Amgen decided that
it would stat making a master cell bank on
November 26, 1984. (Tr. 6, 84; DX 291). By
September, 1984, Amgen had decided that the best
way to express EPO was from mammalian cdls, not
yeast cells or E. Coli bacterial cells. (Tr. 6, 83, 106).
On November 30, 1984, Browne distributed to Lin,
among others, the November 28 Product
Development Team (“* PDT” ) meeting minutes
which stated: “ This first product will be EPO
secreted from a clone of the CHO cdll line BII-3,.1.”
(Tr. 6, 85; DX 349).

As of November 30, 1984, Amgen had made the
decision that a clone from CHO cell strain Bll 3,.1
would be used to produce EPO, and Dr. Lin knew
this. (Tr. 6, 84-89). On December 3, 1984, Dr. D.
Vapnek, research director at Amgen, wrote a
memorandum to Amgen's general counsel, R. Weist,
stating that the EPO-producing CHO cdl line
designated CHO BII 3,.1 was available for transfer.
(DX 350; Tr. 6, 90). The patent does not identify by
name any clones of CHO Bl 3,.1. (Tr. 6, 103).

Lin filed his third application for a patent on
September 28, 1984. (Tr. 5, 6). The fourth application
was filed on November 30, 1984. (Tr. 5, 6).

In September, 1984, Lin deposited with the American
Type Culture Coallection (* ATCC” ) in Bethesda,
Maryland, the best E. Coli cell strain used for the
production of EPO, but without the EPO gene in the
cells. (Tr. 6, 105). He also made a deposit of the best
yeast cell strain. (Tr. 6, 106). These cell strains did
not contain the EPO gene. (Tr. 6, 108). No

mammalian host cell strain or line, including any
CHO cdl, was ever deposited with the ATCC. (Tr. 6,
107, 118).

*18 In the February 25-March 6, 1985 issue of
Nature magazine, Amgen had an adverti sement that it
was sdlling recombinant human EPO to the research
community for research use. (Tr. 5, 31). In
November, 1985, Amgen filed an Investigative New
Drugs (“ IND” ) application with the Food and Drug
Administration (* FDA” ) asking for approval to try
out EPO on renal failure patients. (Tr. 5, 32). Amgen
received approval in December, 1985 for the initial
stages of this clinical experiment, and nineteen
months later received FDA approval for the last two
stages. (Tr. 5, 32).

On October 20, 1987, seven days before the patent
issued, Lin deposited an E. Cali cell transfected with
the monkey EPO done, and the human EPO clone in
“ lambda phage,” with the ATCC. (Tr. 5, 7). Lambda
phage is the tiniest living creature that will infect
bacteria. (Tr. 5, 7). The monkey and EPO clones
were availablein 1984. (Tr. 6, 113).

In November, 1987, Amgen filed a Product License
Application (* PLA” ), asking for FDA approval to
market EPO for the treatment of renal anemia
patients, and on June 1, 1989, the FDA granted this
approval. (Tr. 5, 33).

c. Genetics Ingtitute.

In late spring, 1981, Dr. Edward Fritsch became a
consultant to GI. (Tr. 25, 130). In November or
December, 1981, Dr. Maniatis, a founder of GlI,
talked to Fritsch about joining Gl, and he accepted
that offer before Christmas, 1981. (Tr. 25, 133). Dr.
Fritsch arrived at Gl in April, 1982, and became the
EPO project leader until 1984. (Tr. 22, 50). He
resumed this project leadership in late 1985 until
1986. (Tr. 22, 50).

Fritsch received a bachelor's degree in biology from
MIT; received a PhD from the University of
Wisconsin in 1977 in the field of molecular biology;
did postdoctoral work at the University of Southern
Cdlifornia in 1977 and 1978; did additional
postdoctoral work in molecular cloning at Cd Tech
during the years 1978 to 1980; and was an assistant
professor at Michigan State University teaching
molecular biology from 1980 to 1982. (Tr. 22, 49).
While at Cal Tech, he was one of the postdoctoral
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fellows working with Dr. Maniatis on the
deveopment of a complete human genomic DNA
library in early 1978. (Tr. 25, 42). He also taught
molecular cloning at Cold Spring Harbor, a private
research institute, and co-authored with Dr. Maniatis
and another scientig a manua on molecular cloning.
(Tr. 25, 59-60).

Maniatis and Fritsch used the library to isolate the
human globin gene cluster. (Tr. 25, 42). Globin genes
are the genes for two proteins that are present in
hemoglobin, which is the molecule involved in
transporting oxygen from the lungs to the rest of the
body tissue and carbon dioxide back to the lungs. (Tr.
25, 52). To clone this gene, Fritsch used one
extremely long probe made from an already existing
cDNA clone to screen the genomic library. (Tr. 25,
53).

In 1981, Fritsch discussed with Maniatis the
possibility of working on the EPO project. Maniatis
told Fritsch that Gl had some amino acid sequence
information from Dr. Rodney Hewick concerning the
EPO gene. (Tr. 25, 133). They also discussed that
there was no known tissue source available for EPO.
(Tr. 25, 133). Dr. Fritsch then considered how one
might approach the cloning of the EPO gene based on
having some availabl e sequence information, and the
idea of using two fully degenerate oligonucleotide
probes to screen a genomic library came to mind. (Tr.
25, 134).

*19 Dr. Fritsch was aware of a formula to compute
the number of clones that will hybridize with a probe
or a set of probes in a given library. (Tr. 25, 121-
124). There was nothing novel about this formula
(Tr. 25, 139). In November or December, 1981, in
connection with the EPO project, he used this
formula and made computations in the abstract
assuming a reasonable set of seguences for two
probes to see if in principle this approach of
combining both probes could lead to a very small
number of positive EPO clones. (Tr. 25, 126, 134).
He assumed one 14-mer probe of 48-fold degeneracy,
and another of similar length and degeneracy. (Tr. 25,
134). He concluded that the use of fully degenerate
probes in combination to screen a genomic library
would allow one to come down to areasonably small
number of unique positives for the purpose of
identifying the particular gene of interest and told Dr.
Maniatis of this idea before Christmas, 1981. (Tr. 25,
126, 135). When he conceived of this idea, he had
never personally used oligonucleotide probes before.

(Tr. 25, 138). He considered the concept of applying
thetwo different probesin combination to find within
a genomic library the sequences that would hybridize
to both to be novel. (Tr. 25, 139). Dr. Maniatis also
considered the strategy to be novel because no one
had thought of going directly from the amino acid
seguence of a protein to a genomic clone. (Tr. 36,
58).

In August, 1982, Dr. Fritsch prepared a document to
describe the two cloning approaches which Gl would
undertake. (PX 37A). The first approach primarily
relied on currently available n-terminal sequence
information for EPO from Dr. Hewick. (Tr. 26, 11).
The second doning approach involved obtaining
additional erythropoietin and then using additional
seguence information. (Tr. 26, 11). GI made a
decision in August or September 1982 to follow the
first approach, and focus its efforts on getting the
EPO gene on the basis of the n-terminal sequence.
(Tr. 26, 16). After discussions with Dr. Miyake
beginning in June, 1982, Gl initially decided not to
take the second approach because it could not afford
the terms demanded by Dr. Miyake for the EPO. (Tr.
26, 18).

When Hewick gave Fritsch the n-terminal sequence
information in early 1982, he did not know the amino
acids at positions 3 and 7, and was unsure of the
amino acid at position 27. (Tr. 26, 16). Based on the
n-terminal information, in September, 1982, Fritsch
designed three sets of fully degenerate probes from
amino acids 18 through 26. (Tr. 26, 21-23). The EPO
E probes were from amino acids 22 through 26; the
EPO D probes were from 18 through 22; and the
EPO ABC probes were from 18 through 24. (Tr. 26,
24-25). Fritsch later found out that the amino acid at
position 24 was wrong. (Tr. 26, 22). Therefore, one
of the sets of probes, EPO E, had an error in the
midde of it. (Tr. 26, 28). On October 13, 1982,
Fritsch began to screen the genomic library with the
EPO ABC set of probes, and on October 20, 1982,
rescreened with a second EPO E set. (Tr. 26, 32-33).
Fritsch was unsuccessful in isolating the gene
because the second probe had incorrect amino acid
information. (Tr. 26, 36).

*20 On January 5, 1983, Fritsch again probed the
genomic library using al three sets of probes, again
unsuccessfully. (Tr. 26, 48). In February, 1983, and
April, 1983, a third screen and fourth screen of the
genomic library were conducted using two of the
probes, including the E probe which had the
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inaccurate coding information. (Tr. 26, 51-54). None
of the screens was successful, in retrospect, because
the E probe had an error in the middle of it. (Tr. 26,
56).

By late April or May, 1983, Gl began to search for
additional EPO protein. (Tr. 26, 57). In May, 1983,
Fritsch contacted Dr. Arthur Sytkowski, an
investigator at Children's Hospital who had indicated
that he had some urinary EPO which Gl proposed to
jointly purify; no agreement was reached. (Tr. 26, 58-
60). Fritsch also contacted Dr. Judith Sherwood
because she had a cdl line that was producing EPO
but, after testing the cdl line, Fritsch concluded in
November/December, 1983 that there was not
enough EPO produced from Dr. Sherwood's cell line
to justify an effort to purify it. (Tr. 26, 60-64).
Sherwood did give GI some EPO which she had
received from Dr. Goldwasser but that was not
sufficient to obtain useful amino acid sequence
information. (Tr. 26, 64-66).

As aresult of the lack of success with the first four
screens, Dr. Fritsch decided to design probes from a
different region of the n-termina sequence between
residues 14 and 19. (Tr. 26, 67-68). This region was
highly degenerate and a fully degenerate set would
have required 576 probes. (Tr. 26, 68). Such a large
number of probes often increases the background
noise, and makes it harder to read hybridization
signals. (Tr. 26, 69). Fritsch designed a subset of 256
probes which, based on the codon usage rules, had
the highest probability of containing the correct
sequence. (Tr. 26, 71-72). During July and Augus,
1983, this subset was used with the fully degenerate
EPO ABC set of probes to conduct four screens of
genomic libraries, again unsuccessfully, because
again in retrospect, one of the codons was predicted
incorrectly. (Tr. 26, 79-80). In March or April, 1984,
Fritsch ordered a fully degenerate set from the region
15 through 19, but never used this probe because Gl
was close to getting additional purified urinary EPO
from Dr. Miyake. (Tr. 26, 81-82).

In April, 1984, Gl received purified EPO from Dr.
Miyake. (Tr. 15, 66). Dr. Hewick provided sequence
information from two tryptic fragments identified as
T-35 and T-30. (Tr. 26, 89-91). Dr. Fritsch designed
one set of fully degenerate probes from T-30 which
covered the amino acid region 145 through 150. (Tr.
26, 94-95). He also designed three sets of fully
degenerate probes from the tryptic fragment T-35
which covered region 46 through 52. (Tr. 26, 92).

Fragment T-35 covered the same region as that used
by Dr. Lin to design one of the probes he used to
successfully isolate the EPO gene. (Tr. 26, 91).

On May 30, 1984, the genomic library for isolating
the EPO gene was plated and hybridized using two
sets of probes, both fully degenerate, from different
regions of the amino acid sequence. (Tr. 26, 96-98).
This process resulted in the identification of two
clonesin July, 1984, both of which were the full gene
for EPO. (Tr. 26, 100-102). This was the first time
that Gl used two sets of fully degenerate probes
based on the correct amino acid sequence for EPO.
(Tr. 31, 46). Also, Dr. Fritsch used a hybridization
solution called TMAC, which had not been used by
Dr. Lin when he cloned the EPO gene. (Tr. 7, 101;
26, 86).

*21 The positive clones were then used to construct a
single long probe to screen a cDNA library
constructed from human fetal liver, and on August 6,
1984, cDNA clones were successfully isolated. (Tr.
26, 104-106). Gl transfected a CHO cell with a
cDNA clone for EPO; this was the expression system
with which GI was most familiar. (Tr. 26, 107).

Gl described its successful cloning of the EPO gene
in an article published in the February, 1985 issue of
Nature magazine. (PX 579). On January 3, 1985, Gl
filed a patent application (the“ * 285 application” )
claiming a purified and isolated DNA sequence,
vectors into which such a sequence has been inserted,
and transfected host cells.

In a related area, Gl was successful in 1983 in
cloning a portion of the Factor VIII protein which is
important in causing blood to coagulate. On
September 20, 1983, Gl successfully cloned a portion
of the Factor VIII gene using two sets of probes-one
fully degenerate and the other a guessmer-to screen a
genomic library. (Tr. 26, 83, 85). A patent issued to
Dr. Fritsch and Dr. John Toole on Factor VIII as a
result of a patent application filed on October 28,
1983. (DX 7).

d. Other Biotechnology Companies.

Prior to December, 1983, other biotechnology
companies had tried to clone the EPO gene. One
company, Biogen, began its EPO project at the end of
1981, and continued it as a full-scale project until
March, 1985, when the project was “ officialy
terminated.” (Tr. 8, 21-22). Biogen invested
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approximately $4,000,000 to $6,000,000 in that
project. (Tr. 8, 31).

Two major strategies were followed at Biogen to
clone the EPO gene. One strategy, which Biogen
scientists had used very successfully in cloning the
interferon gene, wasto identify both a good source of
erythropoietin messenger RNA and another source
that was poor in that particular messenger RNA and
then to use what is known as “ competition” to
purify the messenger RNA for EPO. (Tr. 8, 23).
cDNA libraries would then be constructed as the
meansto obtain and isolate the gene. (Tr. 8, 23-24).

In the beginning, rats made anemic, or hypoxic, by
treatment with chemicals were used as sources for
mRNA for erythropoietin. (Tr. 8, 24). At about the
same time, similar experiments were being carried
out in Biogen's Cambridge laboratories on baboons
that were made anemic by phenylhydrazine so that
they would produce more EPO. (Tr. 8, 24; 27, 23-
24). Oligonucleotide probes based on the n-terminal
amino acid sequence of human EPO were used to
screen the cDNA library prepared from the kidney
tissue of the phenylhydrazine-treated baboons. (Tr.
27,27-28).

The second strategy used at Biogen was to obtain a
source of the EPO protein, the hormone itself; to find
the sequence information for that protein; to design
oligonuclectide probes that corresponded to that
sequence; and then to use those oligonucleotide
probes to screen cDNA libraries. (Tr. 8, 25). To
obtain the erythropoietin, Biogen looked around for
people who might be able to supply it and started
collecting thousands of liters of urine from anemic
humans in an attempt to purify the gene itself. (1d.).
Requests made by Biogen to Dr. Goldwasser and the
National Institutes of Health in late 1981 and early
1982 for high purity EPO were turned down. (Tr. 37,
60-61; DX 390; DX 910). Also, Biogen's own effort
to purify EPO from the urine samples of anemia
patients was not successful in terms of providing pure
EPO. (Tr. 8, 41).

*22 The only known sequence for EPO that Biogen
had up until 1983 was the sequence of the n-terminal
region obtained by Dr. Hewick at Cal Tech. (Tr. 8§,
28-29). Biogen had only a single segment of the
segquence which was presented by Dr. Goldwasser at
a meeting in 1981. (Tr. 27, 48). Two Biogen
scientists were present at that meeting and they
copied it down as best they could, but there were

gaps at positions 19, 20 and 22. (Tr. 27, 48-49).
There were also errors in the sequence at residues 7
and 24 which were not discovered until much later in
early 1983. (Tr. 27, 50). Dr. Julian Davies, who was
director of research and subsequently also president
of Biogen in Geneva, Switzerland from 1980-1985,
believed that the errors were “ clearly one of the
factors which mitigated against successful cloning,”
although he did not know whether the amount of
seguence information would have been sufficient in
any event. (Tr. 8, 18-19, 29).

The oligonucl eoti de probing approach used at Biogen
was to employ two sets of probes-in general, fully
degenerate-to screen the libraries that contained the
gene of interest. (Tr. 27, 22). Biogen did not succeed
in isolating the baboon cDNA gene encoding for
EPO using this mixed oligonucleotide approach. (Tr.
27, 53). Dr. Richard Flavell, who was president of
Biogen's Cambridge, Massachusetts facility from
1982 t0 1988, said “ [w]e concluded at the end of '82,
beginning of '83, that there was something wrong"
with the sequence and therefore that “ our failure to
get the clones was that somehow or other our probes
werewrong.” (Tr. 27, 18-20, 54).

When it heard rumors that the sequence might be
incorrect, Biogen tried in 1983 to obtain sequence
information from crude human urinary EPO received
from Dr. Zanjani. (Tr. 27, 55). Biogen was unable to
obtain purified EPO from that shipment. (Tr. 27, 56).
At the end of 1983, Biogen received ancther sample
of EPO from Dr. Suyama at the Green Cross
Company in Japan. (Tr. 27, 64). From that sample,
Biogen was able to obtain n-terminal sequence
information, but the sequence determined by Biogen
scientists contained an error a position 24. (Tr. 27,
65, 67). A second shipment of EPO was obtained
from Green Cross in January or February of 1984.
(Tr. 27, 67). The material from that shipment was
fragmented and sequenced. (Tr. 27, 67-68). As a
result of that sequencing effort, Biogen was able to
obtain a new internal sequence of the first nine
residues useful for amaking a“ nice” 20-mer probe
of 128-fold redundancy or degeneracy. (Tr. 27, 68-
69).

Biogen, at some point, began to use a genomic library
asthelibrary for isolating the EPO gene. (Tr. 27, 75).
It decided to use genomic libraries for isolating the
gene for Factor VIII in 1983, and by the end of that
year or the beginning of 1984, it began to use the
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genomic library on the EPO project. (Tr. 27, 75-76).

Biogen eventually succeeded in cloning the EPO
gene in mid-1985, after the EPO project had been
officially terminated and after the full sequence for
the EPO gene had been disclosed in a publication by
Gl in the February, 1985 issue of Nature magazine.
(Tr. 8, 30, 32). According to Dr. Flavell, the limiting
factor in Biogen's effort to clone the gene was not
having an adequate amount of protein sequence from
which to derive good probes. (Tr. 27, 97). He said
erythropoietin was a “ rather rare commodity” and
the major person who had that material was Dr.
Goldwasser. (Tr. 27, 97-98).

*23 Another biotechnology company that attempted
to clone the EPO gene was Genentech. (Tr. 7, 12).
Genentech's EPO project began in 1981, and
extended over a period of 1 and 1/2 years, until the
end of 1982. (Tr. 7, 12, 17). At that time, Genentech
abandoned the project because it heard the rumor that
Amgen had succeeded in cloning the gene, which
later proved to be untrue. (Tr. 7, 17).

e. Prior Art.

During the period from 1980 through 1983, the
technology in the field of doning advanced very
quickly. (Tr. 8, 62-63). During that time period,
various publications were issued about cloning
techniques and cloning efforts, which added
incrementally to the information available in that
field. (Tr. 8, 63).

Fird, at the end of December, 1980 or the beginning
of 1981, Dr. Wallace and others published an article
which wasthe* seminal paper” on using probes. (Tr.
27, 101-102; DX 200). In that experiment, Dr.
Wallace used eight oligonucleotide probes, which
were not fully redundant, to hybridize with cloned
rabbit betaglobin DNA sequences. (Tr. 27, 102, 104-
105; DX 200). The article was useful because it
showed that correct probes in a mixture of both
correct and incorrect probes could distinguish the
clone by hybridizing with it, whereas the incorrect
probes would not. (Tr. 27, 104). No library was
screened in the experiment, and the article did not
mention using probes from different regions. (Tr. 27,
105-106).

In November, 1981, a second article was published
which had been submitted by Dr. Suggs and othersin
June of that year. (Tr. 27, 107; DX 189). Tha paper

went “ to the logical next step from what [Dr.]
Wallace did, which [was] to wuse mixed
oligonucleotide probes to screen an actua library.”
(Tr. 27, 109). In the experiment, a cDNA library was
used as well as two sets of probes. (1d.). The first set
of probes used to screen the library was a 15-mer
probe of 16-fold redundancy, and the second set was
an |l-mer probe of 8-fold redundancy. (Tr. 27, 109-
110). Only the second set of probes used was fully
degenerate. (Tr. 27, 110).

Next, in September, 1982, an article submitted in
June, 1982 by Dr. Woods was published. (Tr. 27,
110-111; DX 204). Woods article provided
additional information because two fully degenerate
sets of probes were used to screen a cDNA library.
(Tr. 27, 111-112). Thefirg set of probes was 32-fold
degenerate, and the second was 48-fold degenerate.
(Tr. 27, 112). The experiment showed that one could
isolate a cDNA clone from a complex cDNA library
using two sets of fully redundant probes. (1d.). Also,
the quality of screening was “ considerably better”
than before, with a much better signal-to-noise ratio
so that the positive looks very positive and the
negative looks very negative. (Tr. 27, 112, 114).

In 1982, an abstract by Reilly also was published in a
journal called DNA. (Tr. 27, 116; DX 183). The
abstract dealt with the cloning of a gene from a
genomic library. (Tr. 27, 116). Two probes of single
redundancy were used to screen a genomic library of
mouse DNA for the gene for transfer RNA. (Id.). The
probes were from separate regions of the tRNA
seguence, one being 15 bases long and the other
being 19 bases long. (Tr. 27, 117, 119). The abstract
showed that what had been learned with respect to
cDNA could be applied to genomic DNA. (Tr. 27,
118).

*24 In April, 1982, another abstract by Seki, et al.,
was published. (Tr. 27, 119; DX 185). In that
experiment, a genomic library was screened using
two sets of fully degenerate probes. (Tr. 27, 120).
Thefirst set of probes was a 16-mer probe of 48-fold
redundancy, and the second was a 14-mer probe of
16-fold redundancy. (Tr. 27, 121). They were derived
from different regions of the protein relatively close
to one ancther. (Tr. 27, 124). Whether Seki and his
colleagues were successful in isolating the gene they
wanted cannot be determined from the abstract
because they had not at that point sequenced the
materia which had hybridized to the probes. (Tr. 28,
3). The abstract added to the prior publications by
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showing that what had been done previously for the
cDNAs using two sets of redundant probes could also
be done for genomic DNA. (Tr. 27, 121).

In September, 1983, an article submitted by
Whitehead and others in May, 1983 was published.
(Tr. 28, 4; DX 203). That experiment involved the
use of a very complex single 23-mer probe of 384-
fold degeneracy to screen a human liver cDNA
library for the C4 gamma gene. (Tr. 28, 4-5, 7; DX
203). The set of probes used was fully degenerate.
(Tr. 28, 6). Earlier, in April, 1983, Derek Woods, one
of the authors of the article, presented this work at a
meeting. (I1d.). He indicated at the meeting that 384
probes had been used, and that he had found the gene
he was looking for. (Id.). The abstract handed out at
the meeting stated: “ A C4 cDNA clone was isolated
from the human adult liver cDNA library using a
synthetic oligonud eotide mixture containing all 384
possible sequences coding for amino acids 14-21 of
the C4 [gamma] chain.” (DX 203A).

On October 28, 1983, Drs. Toole and Fritsch filed an
application for a patent, which was eventually issued
on July 12, 1988. (DX 7). The patent covered the
screening of a genomic library with two probes to
isolate the porcine Factor VIII gene. (Tr. 28, 10). The
first probe was not fully degenerate, but was a long
probe or guessmer 45 nucleotides long of 4-fold
redundancy. (Tr. 28, 10-11, 14). The second probe
was a 15-mer fully degenerate probe of 16-fold
redundancy. (Tr. 28, 12). The Toole/Fritsch patent set
forth information in addition to the prior published
literature on probing and cloning in that it described
in great detail the use of redundant probes to
successfully isolate a genomic clone. (Tr. 28, 13).

The ' 008 patent application filed on December 13,
1983 described the screening of both a cDNA and
genomic library to successfully isolate the EPO gene.
(Tr. 28, 27-28). The patent reported that one set of
128 fully degenerate probes was used to screen the
monkey cDNA library. (Tr. 28, 24-27). Dr. Lin
testified that one partially degenerate set of probes of
16-fold redundancy was used on the monkey cDNA
library. (Tr. 28, 24-25). Two sets of fully degenerate
probes, each of 128-fold redundancy, were used to
screen the genomic library. (Tr. 28, 27-29).

*25 Dr. Flavell testified that these publications show
a*“ continuum” or “ gradual evolution” from the “
guantum leap” made by Dr. Wallace in the first
publication to use oligonucleotides. (Tr. 28, 23).

VII. PURIFICATION OF EPO
a. The Miyake purification procedure.

Prior to 1980, EPO was obtained by purifying the
urine of patients suffering from aplastic anemia; that
kind of urine was in short supply. (Goldwasser
Dep.Tr.Voal. 11 48-49). During the period from 1974
to 1976, Dr. Takaji Miyake, working with Dr.
Goldwasser, developed a procedure for purifying this
urinary EPO (* uEPO” ) in the laboratory of Dr.
Goldwasser at the University of Chicago.
(Goldwasser Dep.Tr.Val. 1l 49-50; Miyake Dep.Tr.
43). Miyake had begun working on the purification of
EPO in about 1964. (Miyake Dep.Tr. 27). He
believed that this procedure provided a homogeneous
pure EPO product in the 1976 and 1977 time frame.
(Miyake Dep.Tr. 159).

Dr. Miyake, Dr. Goldwasser and Charles K.H. Kung
published this seven-step procedure in an article
entitled “ Purification of Human Erythropoietin” in
the Journa of Biological Chemistry in 1977. (PX
528) (“ Miyake e a.” ). The authors reported: “
Human erythropoietin, derived from urine of patients
with aplastic anemia, has been purified to apparent
homogeneity. The seven-step procedure which
indluded ion exchange chromatography, ethanol
precipitation, gel filtration, and adsorption
chromatography, yielded a preparation with a
potency of 70,400 units/mg of protein in 21% yidd.”
(PX 528). The article also reported that Fractions 11
and I11A had a“ mean potency of 82,720 U/A” , and
that human EPO has a“ minima potency of 70,400
units/mg” . (PX 528). Table IV stated that Fraction 11
had a potency of 128,620 U/A. (PX 528). Further, the
article reported the apparent molecular weight
determined by SDS-gel electrophoresis to be 39,000
daltons. (PX 528, p. 5563).

A brief general discussion of purification techniques
is needed to understand Miyake's procedures for
purifying EPO. Chromatography was one of the
purification techniques used by Miyake In
chromatography, a liquid sample containing a
mixture of proteinsis poured into the top of a narrow
glass or metal cylindrical container, called a column,
containing finely divided solid or small particles of
beads. With the addition of a buffer solution, the
proteins migrate down the column at different rates
depending on the physiochemical properties of each
particular protein. The proteins are then “ eluted” or
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washed off, and collected into tubes at the bottom of
the column. The protein sample collected in each of
thesetubesis called a“ fraction.” (Tr. 17, 54-57).

There are various types of chromatographic columns
used for the separation and isolation of glycoproteins.
Chromatographic separations are accomplished by
taking advantage of differing physiochemical
properties, such as molecular size, solubility,
electrical charge, affinity for other materials
(adsorption) or hydrophobicity (the water-hating
quality of a molecule). One chromatography column
is called an ion-exchange column and separates
proteins based on electrical charge densty. (Tr. 17,
62-63). Another kind uses hydroxylapatite in the
column which separates proteins by their adsorption
properties; molecules with certain properties (for
example, with different numbers of hydroxyl groups)
are held in the column, while mol ecul es without these
properties are eluted off. (Tr. 17, 65-66, 88-89).

*26 Miyake measured the specific activity of the
fractions of urinary EPO (“ uEPQO” ). Specific activity
for EPO isusually measured in international units per
absorbance units at wavelength A280. An
international unit (* 1U” ) is a unit to measure the
potency of a substance. An “ absorbance unit” (*
AU” ) is the approximate amount of light that is
absorbed at a given wavel ength, and can be expressed
in milligrams (mg) of protein per millileter (ml) of
total protein concentration. (Recny Dep.Tr. 91). The
measurement of specific activity can be specified as
IU/AU or u/mg. To convert specific activity from
u/mg to IU/AU, u/mg is divided by an extinction
coefficient. (Tr. 22, 93-95). Fritsch used an extinction
coefficient of 1.31. (Tr. 23, 51). Miyake believed the
extinction coefficient was .851. (Tr. 24, 167).

The Miyake procedure was the standard procedure
for obtaining high purity EPO at least through 1981.
(Tr. 37, 42). The scientific community believed that
EPO purified by the Miyake mehod was
homogeneous and had a specific activity of 82,720
IU/AU or 70,400 u/mg. (Tr. 14, 95; DX 220, 324,
213, 326). Dr. Lin reported in his patent that the
seven-step Miyake procedure yielded “ a pure
erythropoietin preparation with a potency of 70,400
units/mg of proteinin 21% yield.” (PX 2, Cal. 7, 11.
29-35). Moreover, in one of the articles cited by
Amgen entitled “ Purification of Erythropoietin from
Human Urine and Anemic Sheep Plasma by High
Performance Liquid Chromatography,” which was
published in 1981 in Blood, the Journal of the

American Society of Hematology, the authors stated:
“ Erythropoietin (Ep) has now been purified to
homgeneity (Miyake et al; JBC 252: 5558, 1977)."
(PX 545). When Dr. Thomas Strickland of Amgen
attempted in 1984 to purify EPO using a modified
Goldwasser procedure, he did not use a kind of
chromatography called reverse phase high pressure
(or high performance) liquid chromatography (* RP-
HPLC” ) as a purification step, athough he was
familiar with that technique, because he believed the
UEPO purified by the Goldwasser procedure was “
pretty close to pure’” and of “ adequate purity” for
his purposes. (Tr. 14, 67).

b. Dr. Rodney Hewick.

Dr. Rodney Hewick arrived at Gl on September 1,
1981 to become Gl's senior protein chemist. (Tr. 15,
36). Prior to joining GI, Dr. Hewick worked at Cal
Tech, where he was one of the inventors of a device
known asthe “ gas phase sequenator.” (Tr. 10, 123).
At Cd Tech, he used the sequenator on EPO received
from Dr. Goldwasser's laboratory to determine the
amino acid sequence for thefirst 26 residues from the
n-terminus of the EPO gene. (Tr. 10, 130-31; 11, 23).
As noted earlier, some of this information turned out
to beincorrect. (Tr. 11, 22-23).

In early 1984, Gl sought EPO from Dr. Miyake to
obtain additional seguence information to construct
probes. Dr. Hewick received four shipments of EPO
from Dr. Miyake in April, May, July and November,
1984. (Tr. 11, 49-50). Miyake believed that the first
and third shipment of samples provided to Gl were of
the same purity as the 1976 samples he had prepared
with Dr. Goldwasser. (Miyake Dep.Tr. 338, 343-44).

*27 When Hewick received the first sample from Dr.
Miyake on April 23, 1984, he subjected it to SDS
PAGE analysis. (Tr. 11, 58; 15, 67). SDS-PAGE
electrophoresis is another technigue to isolate and
purify proteins according to molecular weight. A
mixture of proteins, which are stained, is poured into
a gd; the proteins migrate through the ge, and
separate solely according to size. The resting position
of a particular protein is marked by a band resulting
from the stain. Thus, a mixture of several different
proteins with different molecular weights will result
in different bands, somewhat akin to a ladder in
appearance, with the different rungs indicating
proteins of different weight. (Tr. 17, 71-77; 11, 54-
55). This ladder is compared to the molecular weight
of a known protein which is placed in a marker lane.
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Using SDSPAGE analysis;, Dr. Miyake had
determined that the molecular weight of EPO is
39,000 daltons.

When he examined the SDS-PAGE gel from the first
Miyake shipment, Dr. Hewick saw that there were
bands other than those he thought to be EPO. (Tr. 15,
74). He then ran the sample on the RP-HPLC, and
saw a series of peaks on the chromatogram. (Tr. 15,
79).

RP-HPLC is a form of chromatography which
separates proteins based upon hydrophobicity, or
water-hating qualities. As the proteins elute from the
column according to their different hydrophobic
characteristics, an optical detector, known as a
spectrophotometer, at the end of the RP-HPLC
column measures the intensity of light at a given
wavelength that passes through the solution as it
flows off the RP-HPLC column. The
spectrophotometer gives an absorbance value that
measures the amount of light which is actualy
absorbed by components in the protein. Typically, for
proteins, a wavelength of A280 is used; at that
wavelength, the absorbing componentsin proteins are
the amino acids, tryptophan and tyrosine. (Tr. 11, 73-
75). Protein chemists also use traces which reflect
absorbance at a wavelength of 214 nm. (Tr. 15, 50,
59, 76). A strip chart recorder signal is plotted in a
line or “ trace” form, called a chromatogram. Asthe
protein elutes off the chromatographic column
according to its hydrophobic characteristics, at
designated times, the spectrophotometer will record
the absorbance at A280, and a peak will appear. (Tr.
11, 75-82). A chromatogram will not measure the
relative mass of a protein coming off a column, but
rather its relative absorbance at 280 nm. (Tr. 11, 75-
82). If there are different proteins in a mixture,
different peaks will appear on the chromatogram. If
the mixture is homogeneous, only one peak will
occur.

RP-HPLC was not available in 1977 when Miyake
developed his procedure to purify EPO. By 1983, it
was used by the scientific community to separate
glycoproteins. Dr. Goldwasser began to use RP-
HPLC in about 1982, and used it for checking the
purity of previously prepared materias, including
EPO. (Goldwasser Dep.Tr.Vol. 11 39). Dr. John G.
Pierce, Amgen's expet, used RP-HPLC to
successfully purify the glycoproteins he was working
with in 1982 and 1983. (Tr. 18, 20-23). Two
published abstracts demonstrate the use of RP-HPLC

to purify EPO from biological fluidsin 1981 through
1982. (PX 545, 543). RP-HPL C was used to separate
the human thyroid-stimulating hormone, which is a
glycoprotein, in 1983. (PX 540).

*28 Hewick conducted a second run of the Miyake
material on RP-HPLC loading four to five times the
amount loaded during the first run. (Tr. 15, 87-88).
He saw peaks and plateaus on the 280 and 214 traces.
(Tr. 15, 88-89). A plateau in atrace, as opposed to a
peak, reflects heterogeneity; a large number of trace
amounts of proteins might produce a plateau. (Tr. 15,
90-91). Altogether, Hewick conducted five runs, and
al the chromatographs revealed a small peak
appearing at 17 to 18 minutes, a large plateau, and a
larger peak appearing at 36 to 38 minutes. (Tr. 15,
106-108). He sequenced the fractions from the fifth
run on the gas phase sequenator. (Tr. 15, 110-119).
The sequences indicated that only the fraction
corresponding to the large peak appearing at 36 to 38
minutes was EPO. (Tr. 15, 116-117).

Hewick subjected the EPO fraction from run 5 to
tryptic digestion, and then separated the fragments on
RP-HPLC. (Tr. 15, 120-122). The fragments
produced a good tryptic map, indicating areas of high
280 absorbance where the tryptic fragments
contained the amino acids tyrosine and tryptophan,
which facilitates the designing of probes. (Tr. 15,
123-26). Hewick chose two of these fragments, T-30
and T-35, for sequencing and delivery to Dr. Fritsch
for construction of probes. (Tr. 15, 128-30).

The second shipment of Miyake materia arrived on
May 30, 1984. (Tr. 15, 146). Dr. Miyake and his
colleague, Dr. Shimizu, sent a note stating that this
was a problematic sample and unrdliable. (Tr. 15,
146-148). Dr. Hewick confirmed this and did not rely
on shipment two in formulating his conclusons. (Tr.
15, 155).

The third shipment from Dr. Miyake arrived on July
22,1984. (Tr. 15, 156). Hewick received two samples
in shipment number 3, which were designated as
fractions two and three. Fraction two had an in vitro
specific activity of 83,005 IU/AU, and fraction three
had a specific activity of 11,266 IU/AU. (Tr. 15,
157). Hewick ran differing amounts of fraction two
material on RP-HPLC seven times, and determined
that the chromatographs were essentially the same as
thase from shipment one. (Tr. 15, 162-163). He took
the material under the large peak, subjected it to
tryptic digestion and sequencing, and determined that
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the material corresponding to the large peak was
EPO. (Tr. 15, 169-71). See Figure B for a
chromatograph of the EPO received from Dr. Miyake
asprintedin the‘ 195 patent. (PX 500, Fig. 1).

Dr. Hewick calculated the specific activity of pure
EPO by determining that “ at least fifty per cent” of
the area under the A280 trace of the chromatograph
of fraction 2 of shipment three, was attributable to
something other than EPO. (Tr. 15, 175-76). He did
this by photocopying the chromatograph and then
cutting out the area above the baseline. (Tr. 15, 175).
He weighed this piece of paper and then cut out and
weighed the EPO peak. (Tr. 15, 175). He then
calculated the ratio of the entire 280 area to the EPO
area and multiplied this figure by the specific activity
reported for this shipment, which was approximately
83,000 IU/AU. (Tr. 15, 175). Through this procedure,
Dr. Hewick determined that the EPO area was less
than fifty percent and that the specific activity should
be twice the 83,000 1U/AU figure reported in the
Miyake article or “ at least about 160,000 IU/AU.”
(Tr. 15, 176-177).

*29 As Amgen's own scientist conceded, the
procedure of cutting and weighing chromatographs is
a wel-recognized technique used by protein chemists
to examinethistype of data. (Tr. 15, 175-76; 14, 153-
154).

When Dr. Hewick performed work on shipment
three, Gl did not have the capacity to derive
guantitative information from in vivo or in vitro
bioassays. (Tr. 15, 171). Dr. Hewick receved a
fourth shipment from Dr. Miyake in October or
November, 1984. He injected this shipment onto the
reverse  phase column and the resulting
chromatograph  had the same characteristic
contaminants as shipments one and three. (Tr. 15,
194-196).

¢. Use of RP-HPL C by other scientists on uEPO.

In October, 1985, Dr. Kawakita, a scientist at
Kummamoto University in Japan, used a purification
procedure which did not follow the Miyake
procedure and which applied RP-HPLC to urinary
EPO at two different steps (although not the final
one), and found a specific activity level of 188,000
IU/AU. Chugai measured the material and found in
vivo a specific activity of 180,000 IU/AU. (PX 721;
Tr. 25, 24).

Charles Kung performed certain experimentsin 1987
which confirmed the conclusions reached by Dr.
Hewick. Kung has been using chromatographic
purification techniques for purifying proteins in Dr.
Goldwasser's laboratory at the University of Chicago
since 1960. (Kung Dep.Tr. 11). Kung is one of the
co-authors of the Miyake article. (PX 528). In the
mid-1970's, the specific activity of UEPO processed
in Dr. Goldwasser's laboratory ranged between
70,000 and 120,000 IU/AU. (Kung Dep.Tr. 16). He
believed in 1976 that this EPO was homogeneous.
(Kung Dep.Tr. 17).

In December, 1987, Kung subjected Fraction Il of
the UEPO, purified by Miyake on August 6, 1976, to
RP-HPLC. (Kung Dep.Tr. 44). The original Miyake
EPO had a specific activity of 53,973 IU/AU by in
vivo assay. (Kung Dep.Tr. 44, 45). After the RP-
HPLC, the Miyake EPO had a specific activity of
173,640 IU/AU. (Kung Dep.Tr. 44). The RP-HPLC
removed contaminants from the origina input
materia. (Kung Dep.Tr. 48). On July 21, 1987, Kung
subjected another Miyake EPO sample, which had
been purified on July 27, 1976, to RP-HPLC. (Kung
Dep.Tr. 51-52). The specific activity of the reverse
phase EPO was 2.6 times that of the original EPO.
(Kung Dep.Tr. 66). On August 29, 1988, Kung
subjected Fraction 111B from the 1976 Miyake EPO
materias to RP-HPLC, and found that its specific
activity was 134,130 IU/AU. (Kung Dep.Tr. 79-80).
Table IV of the Miyake et al. article reported Fraction
1B as having a specific activity of 71,250 IU/AU.
(PX 528). At least by December, 1987, RP-HPLC
became a standard final purification step used in the
Goldwasser laboratory for the purification of urinary
source EPO. (Kung Dep.Tr. 111-112).

d. Recombinant EPO purification efforts.

Jashir Singh Seehra joined Gl in May, 1983. (Tr. 20,
143). Originally listed as a co-inventor on the * 195
patent, Seehra was responsible for the portion of the
patent relating to the purification of recombinant
EPO. (Tr. 20, 144-45). He did no work on the
purification of EPO from natural sources. (Tr. 20,
151).

*30 Seehra had also worked on the purification of
recombinant Interleukin 2, which was produced in E.
Cali cells and not glycosylated. (Tr. 20, 150-151).
Seehra had to activate the protein before putting it on
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reverse phase. (Tr. 20, 157). The RP-HPLC did not
inactivate the Interleukin 2. (Tr. 20, 157). His work
on purifying recombinant tissue plasminogen
activator (* TPA” ), a glycosylated protein made in
mammalian host cells, was successful; however, he
was not successful in maintaining the activity of
tissue plasminogen activator after the use of RP-
HPLC. (Tr. 20, 152). In response to the question why
the reverse phase deactivated TPA and not
Interleukin 2, Seehratestified:

And that's the mystery of purification when you use
reverse phase, is that it may seem obviousto use it to
get purification, but you don't know what theresult is
going to be. You put it on and you basically take a
gamble. Sometimes you get activity, sometimes you
don't. Sometimes the protein comes off and
sometimes it doesn't.

In the instances that it does come off, you know, it's a
very powerful technique. It gives you a lot of
purification. But sometimes you lose your protein on
it.

(Tr. 20, 157).

On or about October 9, 1984, Seehra started work in
trying to purify rEPO as part of his effort to develop
large scale commercia purification procedures. (Tr.
20, 166, 197; PX 700). On or about November 19,
1984, Sechra provided a description of the
procedures he used in the purification of EPO from
COS-conditioned media to the patent attorneys. (PX
710, 711). The final purification step was RP-HPLC.
(Tr. 20, 165). Seehra reported that the “ pooled
fractions of EPO contained 15.5 ug of EPO in 25 ug
of total protein.” (PX 711).

In Example 2 of the * 195 patent, Seehra used the
following purification steps: acid precipitation;
carbonylmethyl sepharose chromatography, which
separates EPO from other proteins based on charge;
RP-HPLC on the mixture that was 2.5% EPO; and
another run of RP-HPLC on the resulting mixture
which was 33% EPO. (Tr. 20, 187-191). He did not
use the Miyake procedure to purify the rEPO. (Tr. 20,
198).

Seehra explained that the reason the RP-HPLC was
unsuccessful in purifying rEPO was that “ very
impure material” was going on to the reverse phase.
(Tr. 20, 200). If he had started off with “ either high
levels of expression or additional steps which

resulted in more pure materia before going on to
reverse phase,” he expected he would have been
successful because Dr. Hewick had shown that RP-
HPLC was successful in purifying uEPO. (Tr. 20,
200-201). Hewick himself testified that a good
expression of rEPO might make it easier to purify
rEPO than UEPO. (Tr. 13, 45-46). Seehra had never
compared the responsiveness of recombinant and
natural EPO to RP-HPLC, but he reached this
expectation based upon his reading of the literature
that recombinant and natural source proteins behave
the same on chromatographic columns. (Tr. 20, 201).
However, the literature did not compare the behavior
of recombinant and natural source proteins on RP-
HPLC. (Tr. 20, 201-202).

*31 The purification procedure used by Dr. Seehra,
and reported in the * 195 patent, did not result in
purified rEPO, but rather the resulting solution after
two runs of RP-HPLC had only 62 per cent EPO. (Tr.
20, 191-192).

The patent does not contain any procedures for
increasing the expression in COS cels or for
purifying rEPO to the point that RP-HPLC will be
successful. (Tr. 20, 202-203). The only initia
purification steps mentioned are the purification
procedures used by Dr. Miyake and Dr. Goldwasser
for urinary EPO. (Tr. 20, 203).

On November 25, 1985, Gl shipped rEPO expressed
from CHO cells which rose as a single peak on a
chromatogram and was about 90% pure. (Tr. 13, 42-
44; PX 760). The purification steps used to purify
this recombinant EPO were different from the
Miyake et al. paper, and did not use RP-HPLC as a
purification step. (Tr. 13, 41-45).

By July and August, 1986, Gl had concluded, based
on bioassays, that the in vivo and in vitro specific
activities of recombinant EPO were virtually the
same, approximately 169,000 IU/AU. (Tr. 24, 175-
76). In 1984 and 1985, Dr. Fritsch did not know what
the specific activity of rEPO was but believed it
would be the same as naturaly-occurring urinary
EPO. (Tr. 25, 13-14). He believed that the basic
machinery for transcribing that DNA information
into the protein should be the same in both the
mammalian cell, the recombinant CHO cell, and in
the naturally-occurring cell; and that based on his
past experience, the structure of the recombinantly
expressed protein was the same as the structure of the
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naturally-occurring protein both at the protein level
and at the glycoprotein level. (Tr. 25, 14).

Amgen itself specifies that the specific activity of
EPO made by its recombinant technology is at least
160,000 IU/AU as determined by an in vivo bioassay.
(PX 214; PX 525, Ex. C, p. 3).

e. Amgen's purification of rEPO.

In August, 1984, Dr. Thomas W. Strickland, an
Amgen scientist, began work on the purification of
human rEpo (“ rHUEPO” ). (Tr. 14, 72). He did not
use RP-HPLC until another scientist named Por Lai
suggested it on October 25, 1984. (Tr. 14, 75). He
had used RP-HPLC about a month earlier as one of
the steps to purify monkey rEPO, which is
glycosylated. (Tr. 14, 76). By September 28, 1984,
Amgen had also used RP-HPLC for the purification
of non-glycosylated rHUEPO produced by E.Coali
cells, the product was 95% pure. (PX2, Cal. 33,
1.137). In his November 30, 1984 patent application,
Dr. Lin suggested the use of HPLC to recover
mammalian cell expression products “ in
substantially purified form.” (PX 3, p. 64).

From October, 1984 through March, 1985, Dr.
Strickland experimented with purification processes
that involved reverse-phase hydrophobic
chromatography. (Tr. 14, 86). RP-HPLC is a subset
of hydrophobic chromatography and differs only in
the size of the particlesin the column and the amount
of pressure needed to push the liquid through. (Tr.
14, 88-89). On March 7, 1985, after analyzing certain
gels on RP-HPLC materials for the purpose of
discussions with the FDA, Strickland suggested a
purification process which included RP-HPLC. (Tr.
14, 83). The final purification process which Amgen
selected for rEPO  included reverse-phase
hydrophobic chromatography as a step. (Tr. 14, 90).

VI1IIl. DISCUSSION
a ' 008 PATENT
A. Validity
*32 Defendants have raised various arguments
challenging the validity of the * 008 patent. Pursuant
to 35 U.S.C. § 282, patents are presumed valid, and

the one attacking validity has the burden of proving
invalidity by clear and convincing evidence.

Hybritech Inc. v. Monoclonal Antibodies, Inc., 802
F.2d 1367, 1375 (Fed.Cir.1986), cert. denied, 480
U.S. 947 (1987). This heavy burden of proof is
deeply rooted in the nature of the judicial process, for
it reflects the deference owed to the considered
judgment of an expert, such as a patent examiner,
skilled in areas of complex and specidized
technology. Spaulding & EvenFlo Companies, Inc. v.
Acushnet  Co.,, 718 FSupp. 1023, 1031
(D.Mass.1989). The burden is made more difficult
when the prior art relied upon at trial is the same as
that which was before the PTO. Although the
introduction of prior art not before the examiner may
facilitate the challenger's meeting the burden of proof
on invalidity, the presumption remains intact and the
clear and convincing standard does not change.
Hybritech Inc. v. Monoclona Antibodies, Inc., 802
F.2d at 1375. The court will address each of
defendants arguments chalenging the patent's
validity separately bel ow.

1. Anticipation Defense

Defendants argue that the © 008 patent is invalid as
fully anticipated by Dr. Fritsch's EPO work at Gl.
Before the court can address this argument, it must
first determine what the * invention” is. According
to Amgen, the claimed invention is the DNA
seguence encoding human EPO. (Amgen's Post-Tria
Brief, tab 1, p. 16). In contrast, defendants argue that
the claimed invention is a “ purified and isolated”
DNA sequence encoding EPO, or in other words, the
cloned EPO gene, not the listing of 4000 bases.
(Defendants' Joint Post-Trial Reply Brief, p. 7n. 7).

The invention claimed in the ' 008 patent is not as
plaintiff argues the DNA sequence encoding human
EPO since that is a nonpatentable natural
phenomenon “ free to al men and reserved
exclusively to none.” Diamond v. Chakrabarty, 447
U.S. 303, 309 (1980). Neither is it the approach
called “ the invention” by defendants in DX 827.
Rather, the invention as claimed in claim 2 of the
patent is the “ purified and isolated” DNA sequence
encoding erythropoietin. (See PX 2).

Defendants argue that Dr. Fritsch was the first to
conceive this invention because he was the first
person to formulate the probing strategy of using two
sets of fully degenerate probes from two different
regions to screen a genomic library, which was the
strategy that eventually resulted in the successful
cloning of the EPO gene. (DX 827). Defendants
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further argue that Dr. Fritsch exercised reasonable
diligence in reducing the invention to practice, and
that the * 008 patent therefore is invalid under 35

U.S.C. §102(g).

35 U.S.C. § 102 providesin relevant part:

A person shall be entitled to a patent unless-

(g) before the applicant's invention thereof the
invention was made ... by another who had not
abandoned, suppressed, or concedled it. In
determining priority of invention there shall be
considered not only the respective dates of
conception and reduction to practice of the invention,
but also the reasonable diligence of one who was first
to conceive and lagt to reduce to practice, from atime
prior to conception by the other.

*33 Under this provision, the one who first conceives
the invention and exercises reasonable diligence in
reducing it to practice will be awarded priority, even
if another inventor reduced to practice first. See 3 D.
Chisum, Patents § 10.03[1], at 10-20 (1989) (and
cases cited therein).

a. Was the conception complete and operable?

Conception is the “ formation in the mind of the
inventor, of a definite and permanent idea of the
complete and operative invention, as it is hereafter to
be applied in practice.” Hybritech Inc. v. Monoclonal
Antibodies, Inc., 802 F.2d a 1376, quoting 1
Robinson on Patents § 532 (1890). The idea must be
of specific means, not just a desirable end or result,
and must be sufficiently complete so as to enable
anyone of ordinary skill in the art to reduce the
concept to practice. 3 D. Chisum, Patents § 10.03, at
10-45 (1989).

In certain “ unusual cases,” an inventor may be
unable to establish a complete conception of a given
subject matter prior to reduction to practice, and “ the
work of conception must be considered to proceed
simultaneously with the work of reduction to
practice” Alpert v. Satin, 305 F.2d 891, 894
(C.C.P.A.1962); see also 3 D. Chisum, Patents §
10.04[5] (1989). This doctrine was enunciated by
Robinson in his 1890 treatise as follows:

In many inventions the act of conception is clearly
distinct, in point of time, from tha of reduction.... In

many others the work of conception and reduction
goes forward almost simultaneoudly, so nearly so that
no date can be fixed as that before which the
conception was complete and after which the
reduction to practice was begun. Thisistruein nearly
all inventions which are the result of experiment,-
where the inventor, insead of evolving the entire art
or instrument out of his own thought, conjectures that
such an act or substance will subserve a given
purpose, and having tried it, finds that it
accomplishes the end.... Until that ingant it is mere
speculation, at most a probable deduction from facts
already known; and the same act which reduces it to
practice gives to the conception its definite and fina
form.

1 Robinson on Patents § 381 (1890) (emphasis
added).

The court in Alpert v. Satin, supra, stated that the
doctrineis*” rarely applied” to“ aresiduum of cases
where results at each gep do not follow as
anticipated, but are achieved empirically by what
amountsto trial and error. In thistype of research, the
inventor's mind cannot formulate a completed
invention until he finaly performs a successful
experiment.” 305 F.2d at 894.

The question is one of fact as to compl eteness of the
conception. Sandard Oil Co. v. Montedison, 494
F.Supp. 370, 407 (D.Dd.1980), aff'd, 664 F.2d 356
(3d Cir.1981), cert. denied, 456 U.S. 915 (1982). The
mental formulation of the invention will be deemed *
complete” if the inventor has conceived the means of
putting that formulation in the hands of the public
where no more than routine skill would be required to
do so. Rey-Bellet v. Engelhardt, 493 F.2d 1380, 1387

(C.C.P.A.1974).

*34 Defendants characterize the “ core dispute” with
respect to their Section 102(g) defense as whether Dr.
Fritsch's conception was a “ generalized approach”
which would result in “ repeated failure and
extensive experimentation” or whether it was an
approach which by the exercise of ordinary skill
ended in the isolation of the EPO gene. (Docket 391,
p. 11).

Defendants have not demongrated by clear and
convincing evidence that in 1981 when Dr. Fritsch
conceived his approach, which they characterize as “
the invention,” the approach would have enabled a
scientist of ordinary skill to isolate the EPO gene. Dr.
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Leroy Hood testified that although he started talking
in 1979 and 1980 about using microsequence analysis
to make probes to clone genes, “ [tlhere are many
technological difficulties that lie between being able
to synthesize probes and clone a gene.” (Hood Dep.
Tr. 29). In 1981, the path-breaking concept of using
oligonuclectide probes to hybridize with DNA
sequences had just been published. (DX 200). No
genomic library had been screened, and techniques
for screening the less complicated cDNA library were
in their infancy. Dr. Flavell testified that in 1981
there was “ so little known about the power of the
oligonucleotide screening methods.” (Tr. 28, 18).
Technical improvements, particularly in the use of
filters, were required to handle complex probe
mixtures, and scientists did not know whether alarge
number of radioactive probes would create too high a
background noise to read a positive signal. (Tr. 27,
114; 28, 54). Because the experiments were “ too
crude’ in 1981, Dr. Flavell believed that a scientist
could not have screened half a million plaques. (Tr.
28, 72).

The structure of the EPO protein-for example, where
the introns are located-was also unknown. Although
Amgen concedes it was known in the art in 1980-
1981 to prepare tryptic fragments from a protein and
to then purify those fragments by high performance
liquid chromatography to sequence the protein (AF
87), the art of seguencing was far from perfect in
1981. Dr. Hewick, an experienced protein sequencer
and one of the inventors of the gas phase sequenator,
was unable to obtain the correct n-terminal sequence
for EPO at Cal Tech in the fall of 1980; he was
unsure of the amino acids at positions 3 and 7, and
was incorrect about the amino acid at position 24.
Even in 1983, Biogen's attempt to sequence EPO
resulted in the same error a position 24. As Dr.
Davies and even Dr. Sadler, Chugai's expert,
testified, success could not be predicted until the gene
wasin fact isolated. (Tr. 8, 37; Sadler Dep.Tr. 95).

Given the utter lack of experience in probing
genomic libraries with fully degenerate probes and
the crudeness of the techniques available in 1981, it
would have been mere speculation or at most a
probable deduction from facts then known by Dr.
Fritsch that his generalized approach would result in
cloning the EPO gene. If any fact situation triggers
the simultaneous conception and reduction to practice
doctrine, thisisit. It wasnot until Dr. Fritsch actually
had the sequence information in hand that he could
give his conception its definite and fina form. For

example, Dr. Fritsch could not have possibly
determined whether probing with two fully
degenerate sets of probes from different regions was
even feasible until he saw the precise amino acid
seguence of the gene. If the sequences had been too
degenerate, guess mers might have been necessary or
subsets preferable, just as happened with the cloning
of the Factor VIII gene. As Dr. Sadler testified, the
approach to be tried depends on the kind of amino
acid sequence. (Sadler Dep.Tr. 87-88).

*35 The most compelling argument raised by
defendants against the use of the doctrine is that both
Dr. Fritsch and Dr. Lin succeeded in cloning the gene
in 1983 using this approach as soon as they obtained
accurate seguence information. However, with
respect to 1981, the year defendants urge as the
priority date, defendants have produced no evidence
that screening a genomic library with a large number
of mixed probes was not characterized by perplexing
and intricate difficulties arising every step of the way.

It istruethat Amgen held an advantage over the other
companies because it alone among the commercial
biotechnical companies had access in usable amounts
after 1981 to urinary source EPO, which was a *“
rather rare commodity,” from Dr. Goldwasser, the
primary person who had that material. But, that fact,
although making for an unequal playing field with
respect to the opportunity to reduce the invention to
practice, does not undermine this court's
determination that the doctrine of simultaneous
conception and reduction to practice is applicable.

Moreover, even if the doctrine were inapplicable, the
approach of using two sets of fully degenerate probes
from two different regions to screen a genomic
library was not complete and operable in 1981. Gl
has not provided clear and convincing evidence that
this information was sufficient to enable one with
ordinary skill in the art to reduce the invention to
practice in 1981 or even 1982. By 1982, Dr. Flavell
said it would be obvious to try to probe a genomic
library but he would be * anxious about the outcome
of it.” (Tr. 28, 75-76). No evidence was presented
that in 1982 a genomic library had been screened
successfully.  Although defendants argue that
constructing probes and screening DNA libraries
were “ all well-known techniques in the art,” they
point only to evidence indicating that these
methodologies were available to a person with
ordinary skill in the art in 1983. (DF 111-33, 34, 35).
This evidence is insufficient to amount to clear and
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convincing evidencethat Dr. Fritsch's conception was
complete and operablein 1981.™*

Defendants argue that any claim that Dr. Fritsch's
cloning strategy was incomplete is contradicted by
Dr. Lin's status as the sole inventor named on the
'008 patent. They state that Dr. Lin's contribution to
Amgen's EPO project was devising the successful
cloning drategy, and argue that if other inventive
work was necessary to reduce the invention to
practice-that is, work beyond that which could be
done by one with ordinary skill in the art-thereis no
explanation for Amgen's faillure to name the
responsible scientists as joint inventors on the '008
patent. However, this argument is a red herring
because even assuming in 1983, when Dr. Lin filed
his patent application, these other cloning skills were
routing, the focus for determining whether Dr.
Fritsch's conception was complete and operable is
1981. Moreover, the naming of Dr. Lin as the sole
inventor on the patent does not mean that the
invention was based solely on the formulation of the
successful  cloning strategy, but rather the
combination of that novel technique with other
techniques which by 1983 “ were available to those
of ordinary skill intheart.” ™*

*36 In the aternative, defendants argue that even if
the descriptions given by Dr. Fritsch to Dr. Maniatis
in 1981 were too general, “ there can be no similar
argument with respect to Dr. Fritsch's use of the
invention in October, 1982, almost a year prior to Dr.
Lin.” (Docket 388, p. 7). It is true that Dr. Fritsch
used two sets of fully degenerate probes to screen a
genomic library in October, 1982, before Dr. Lin.
Moreover, Gl has pointed to evidence that “ prior to
1983" certain cloning techniques, like synthesizing
oligonuclectide probes, were available to those of
ordinary skill in the art. (DF 111-34). However, even
though there is evidence that the screening techniques
were improving, defendants have not demonstrated
by clear and convincing evidence that even in
October, 1982 the conception would have enabled
one of ordinary skill in the art to reduce the invention
to practice by screening a genomic library.™®

b. Priority of conception.

In any event, even assuming that the doctrine of
simultaneous conception and reduction to practice
does not apply here, and that the conception was
sufficiently complete and operable in 1981, the court
would still reach the same conclusion that Dr. Lin has

priority over Dr. Fritsch as the inventor of the *
purified and isolated” DNA seguence encoding
erythropoietin  because Dr. Lin concelved the
approach first of using two sets of fully degenerate
probes from two different regions to screen a
genomic library.

As a generd rule, the date an application adequately
disclosing the invention is filed is presumed to be the
date of invention. 3 D. Chisum, Patents § 10.03[1], at
10-25 (1989). The inventor bears the burden of
proving an earlier date of invention by showing either
an earlier actua reduction to practice or an earlier
conception and diligence to reduction to practice. Id.
Conception must be proved by corroborating
evidence which shows that the inventor disclosed to
others his “ completed thought expressed in such
clear terms as to enable those skilled in the art” to
make the invention. Coleman v. Dines, 754 F.2d 353,
359 (Fed.Cir.1985), quoting Field v. Knowles, 183
F.2d 593, 601 (C.C.P.A.1950). It is well-settled that
the uncorroborated and undocumented testimony of
the patentee is insufficient to prove invention date.
Kardulas v. Florida Machine Products Co., 438 F.2d
1118, 1121 (5th Cir.1971).

Here, Dr. Lin testified that he discussed the screening
of cDNA and genomic libraries with two sets of
oligonucleotide probes to isolate the EPO gene with
Dr. Marty Cline prior to October 27, 1981. (Tr. 4, 32-
33). Dr. Fritsch tetified that he came up with his
cloning strategy a little later in November or
December, 1981 and told Dr. Maniatis about it before
Christmas, 1981 (Tr. 25, 126, 134-35). Dr. Lin's
testimony is corroborated by the notes of Dr. Cline
taken on October 27, 1981, which Dr. Cline
identified as his handwriting in his deposition before
the ITC.™® These notes stated in relevant part that
Phase 2 in January-March, 1982 would involve the
screening of cDNA libraries with two sets of probes,
and if such screening were negative, the screening of
genomic libraries. (PX 170A, 170B). Dr. Lin testified
that these notes refreshed his recollection about his
conversations with Dr. Cline, and reflected the
content of those conversations, and the court found
his testimony credible.

*37 Defendants argue that there is no evidence other
than Dr. Lin's testimony that Dr. Clin€'s notes were
based on conversations with Dr. Lin. Moreover, Dr.
Cline tedtified in general at his deposition that he
could not remember which suggestions for the EPO
project he generated and which suggestions were
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proposed by Amgen people. (Cline Dep.Tr. 12).
However, Dr. Lin was the head of Amgen's EPO
project at that time, and in fact he and his assistant
were the only two working on the EPO project at
Amgen. (Tr. 5, 33). Maureen Gilmore-Hebert, who
had been working on the EPO project before Lin
joined Amgen in August, 1981, did not work on the
EPO proect after his arival there. (Tr. 5, 79).
Therefore, the court finds from this evidence that it is
more probable than not that the notes arose from
conversations with Lin.

Defendants also argue that neither the notes nor Dr.
Cling's testimony describe in full the successful
cloning strategy used by Dr. Lin in 1983. They point
out that there is no evidence that Dr. Lin ever
designed or used two sets of fully degenerate probes
from two different regions to screen a genomic
library prior to September, 1983, whereas Fritsch
used this methodology early on, beginning in
September, 1982. However, the reference in Cline's
notes to two sets of probes could only have referred
to sets of probes from two different regions of the
amino acid sequence. Dr. Lin's notes in April, 1982
concerning an EPO project team meeting mentioned
the need for confirming genomic clones with a probe
from a second region of the amino acid sequence
after describing the aternative routes to looking for
the EPO gene pointed out by Dr. Cline. Moreover, as
early as March, 1982, Lin had designed two sets of
probes from different regions of the amino acid
sequence, one of which was fully degenerate. (See
PX 170C; Tr. 5, 107-108).

The question whether the corroborating evidence
shows that Lin conceived of using fully degenerate
sets of probes as early as October, 1981 is more
troublesome. Although Dr. Lin testified that he meant
sets of probes which could be fully or partialy
degenerate in his discussions with Dr. Cline, Dr.
Clin€'s notes are non-corroborative as they do not
mention the degeneracy of the probes at all.
However, Dr. Lin did order a fully degenerate set of
probes in early 1982 and did use a fully
degenerate probe as early as May 1982, which
indicates that he did have in mind the use of fully
degenerate as well as partially degenerate probes.
Defendants emphasize the fact that Dr. Lin did not
actually use two sets of fully degenerate probes to
screen a genomic library until 1983. Dr. Lin has
testified that his strategy was to try first the easier
approach of designing partially degenerate probes
with the highest probability of success before going

to the fully degenerate probes where the prognosis
was less clear. (Tr. 4, 56; 5, 61). This strategy makes
sense in light of Dr. Flavell's testimony concerning
the primitive nature of the screening techniques in
1981 and even 1982. In any event, even though Lin
had definitely not decided by October, 1981 that fully
degenerate probes were the only kinds of probes to
use or even the best kind, neither had Fritsch. Dr.
Fritsch himself decided to use partially degenerae
probes from the highly degenerate region between
residues 14 and 19, after failing to isolate the EPO
gene using fully degenerate probes from the amino
acid region 18-26. Moreover, on August 12, 1982, in
describing his cloning Approach I, Dr. Fritsch ated
that several probes “ of limited degeneracy could be
prepared” from available amino acid information.
(PX 37A).

*38 Accordingly, the court concludes that 35 U.S.C.
8 102(g) does not apply here as plaintiff has shown
by corroborating evidence that Dr. Lin conceived of
the probing methodology before Dr. Fritsch.

c. Diligence in Reduction to Practice.

In addition, the court further finds that even if Dr.
Fritsch were the first to conceive the invention,
defendants have not shown he was reasonably
diligent in reducing it to practice. The reasonable
diligence standard balances the interest in rewarding
the encouraging invention with the public's interest in
the earliest possible disclosure of invention. Griffith
v. Kanamaru, 816 F.2d 624, 626 (Fed.Cir.1987). The
case law revealsa“ common thread” that courts may
consider the reasonable everyday problems and
limitations encountered by an inventor as excuses for
inactivity in reduction to practice. Id. However, by
the same token, “ [o]ne having the first complete
conception of an invention cannot hold the field
against all comers by diligent efforts, merely, to
organize and procure sufficient capital to engage in
the manufacture of his device or mechanism for
commercial purposes.” Id. at 628 (holding that
Cornell University's decision against funding the
inventor's project, which caused a delay in reducing
the invention to practice while Cornell solicited
outside funding, was not an excuse for inactivity in
reduction to practice and congtituted an assumption
of “ the risk that priority in the invention might be
lost to an outside inventor” ).

Here, the evidence is undisputed tha Dr. Fritsch
decided in August or September, 1982 to focus his
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efforts on cloning the EPO gene using currently
available n-terminal sequence information from Dr.
Hewick. (Tr. 26, 11-12, 15-16). Dr. Fritsch had
abandoned the approach of obtaining additional
erythropoietin for further sequence information in
August or September, 1982 because the terms that
Dr. Miyake was asking for in exchange for supplying
EPO to Gl were “ well beyond what Gl at the time
could afford.” (Tr. 26, 18). Gabrid Schmergel,
president and chief executive officer of Gl, testified
that 10-20% of Gl's total resources would have been
required to satisfy Miyake's demands. (Tr. 29, 83).
No other attempts were made to obtain EPO from
Miyake until early 1984, after Dr. Lin had
successfully cloned the EPO gene, and there is no
evidence in the record that Gl even attempted within
the intervening period to obtain outside funding to
purchase the additional EPO from Miyake ™2 Dr.
Miyake testified in a deposition that he did not have
the facilities or staffing to purify EPO in September,
1982 and that he spent the following year on other
research. (Miyake Dep.Tr. 212-213).

By April or May, 1983, after four failed attempts to
clone the EPO gene from available sequence
information, Dr. Fritsch had concluded that there was
a problem with the available sequence information.
(Tr. 26, 56-57). On June 1, 1983, Gl contacted Dr.
Sytkowski to obtain additional urinary EPO or
sequence information without success. On July 12,
1983, Gl contacted Dr. Judith Sherwood because she
had a cdll line from a kidney carcinoma cell making
EPO. (Tr. 26, 61). The test results on the biological
activity were ambiguous. (Tr. 26, 62). In one case,
there was little evidence of EPO activity, and in the
other, there was good evidence of activity. (Tr. 26,
62). Gl entered into a collaboration with Dr.
Sherwood in October, 1983, but in November or
December, 1983 decided there wasn't enough EPO
produced by the cdl line to make it worth purifying.
(Tr. 26, 63-64). Dr. Sherwood also gave Gl some
partidly purified UEPO but there was not enough for
sequencing. (Tr. 26, 65-66). There isno evidence that
Gl during this time period tried to resume
negotiations with Dr. Miyake or tried to get funding
for the materials.

*39 The lack of evidence of any efforts to obtain
funding to afford EPO from Dr. Miyake undermines
Gl's claim of reasonable diligence. Attempts to get
EPO from Sytkowski and Sherwood, without more,
do not demonstrate reasonable diligence in obtaining
additional sequence information because Dr. Fritsch

had no reasonable assurances that either scientist had
sufficient amounts of pure EPO for seqguencing.
Indeed, in light of the fact that results of biological
activity tests on Dr. Sherwood's cell line were so
ambiguous, it was not reasonable to pursue only that
source for pure EPO through the end of 1983.

Because Dr. Fritsch knew by May, 1983 that it was
imperative to get new sequence information, and
because one of the primary sources for usable
amounts of urinary EPO for sequencing was Dr.
Miyake, the only reasonably diligent approach at that
point was to recontact Miyake and seek out funding
to obtain that information. Gl has not given any
explanation as to why it waited eight months to
contact Miyake again, and has not submitted any
evidence about its ability to afford Miyake's terms
after May, 1983. By making the financial decision to
pursue the aternative routes with Dr. Sytkowski and
Dr. Sherwood without seeking outside funding or
reinstating negotiations with Miyake earlier, Gl
assumed the risk that priority in the invention might
be lost to another inventor in theinterim.™

2. Obviousness

Defendants argue that the '008 patent is invalid as
obvious under 35 U.S.C. § 103 because in 1983,
when Dr. Lin cloned the EPO gene, the probing
strategies used by him had been disclosed in prior art
references and were widely practiced in the
bi otechnology industry. Pursuant to 35 U.S.C. § 103,
a patent may not be obtained “ if the differences
between the subject matter sought to be patented and
the prior art are such that the subject matter as a
whole would have been obvious at the time the
invention was made to a person having ordinary skill
in the art to which said subject matter pertains.”

In the landmark case on obviousness, Graham V.
John Deere Co., 383 U.S. 1 (1966), the Supreme
Court articulated the following test:

Under 8§ 103, the scope and content of the prior art
are to be determined; differences between the prior
art and the claims at issue are to be ascertained; and
the level of ordinary skill in the pertinent art
resolved. Against this background, the obviousness
or nonobviousness of the subject matter is
determined. Such secondary considerations as
commercial success, long felt but unsolved needs,
failure of others, etc. might be utilized to give light to
the circumstances surrounding the origin of the
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subject matter sought to be patented. As indicia of
obviousness or nonobviousness, these inquiries may
have relevancy.

Id. at 17-18.

The proper approach to the obviousness issue must
start with the claimed invention as a whole
Kimberly-Clark Corp. v. Johnson & Johnson, 745
F.2d 1437, 1448 (Fed.Cir.1984). The invention as a
whole embraces the structure, its properties and the
problem it solves. In re Wright, 848 F.2d 1216, 1219
(Fed.Cir.1988). The determination of whether a novel
structure is or isnot “ obvious’ requires cognizance
of the properties of that structure and the problem
which it solves, viewed in light of the teachings of
the prior art. Id.

*40 An invention is not obvious merely because it is
a combination of old elements each of which was
well known in the art at the time the invention was
made. Kimberly-Clark Corp. v. Johnson & Johnson,
745 F.2d at 1448; Reiner v. |I. Leon Co., 285 F.2d
501, 503 (2d Cir.1960), cert. denied, 366 U.S. 929
(1961). Rather, if such a combination is novel, the
issue is whether bringing them together as taught by
the patentee was obvious in light of the prior art.
United Sates v. Adams, 383 U.S. 39, 50 (1966). The
critical inquiry is whether “ there is something in the
prior art as a whole to suggest the desirability, and
thus the obviousness, of making the combination.”
Fromson v. Advance Offset Plate, Inc., 755 F.2d
1549, 1556 (Fed.Cir.1985) (emphass in origina),
citing Lindemann Maschinenfabrik GMBH v.
American Hoist & Derrick Co., 730 F.2d 1452, 1462
(Fed.Cir.1984). In other words, obviousness “ cannot
be established by combining the teachings of the
prior art to produce the claimed invention, absent
some teaching or suggestion supporting the
combination.” In re Fine, 837 F.2d 1071, 1075
(Fed.Cir.1988), quoting ACS Hospital Systems, Inc.
v. Montefiore Hospital, 732 F.2d 1572, 1577

(Fed.Cir.1984).

Whether a particular combination might be “ obvious
to try” is not a legitimate test of patentability. Id.
However, the meaning of this maxim is sometimes
lost since “ [a]ny invention that would in fact have
been obvious under § 103 would also have been, in a
sense, obvious to try.” In re O' Farrell, 853 F.2d
894, 903 (Fed.Cir.1988). The admonition that “
obvious to try” is not the standard under § 103 has
been directed mainly to the following situations: (1)

where what was “ obvious to try” would have been
to vary al parameters or try each of numerous
possible choices until one possibly arrived at a
successful result, where the prior art gave either no
indication of which parameters were critica or no
direction as to which of many possible choices is
likely to be successful; and (2) where what was “
obvious to try” was to explore a new technology or
general approach that seemed to be a promising field
of experimentation, where the prior art gave only
general guidance as to the particular form of the
claimed invention or how to achieveit. Id.

“ A patentable invention may lie in the discovery of
the source of a problem even though the remedy may
be obvious once the source of the problem is
identified.” In re Sponnoble, 405 F.2d 578, 585
(C.C.P.A.1969). “ Thisis part of the * subject matter
as a whole’  which should always be considered in
determining the obviousness of an invention under 35
U.S.C. § 103" Id. See also Eibel Process Co. v.
Minnesota & Ontario Paper Co., 261 U.S. 45, 68
(1923). Moreover, a patent may claim a previously
unattainable product, even if the product was known
to be clearly desirable, if the methods for making the
product were nonobvious. Cf. In re Coker, 463 F.2d
1344, 1348 (C.C.P.A.1972) (holding that a prior art
reference which showed the desirability of producing
certain compounds  as possible cancer
chemotherapeutics, but which employed an
unsuccessful process in making the compounds, did
not anticipate the claimed invention).

*41 The question is whether what the inventor did
would have been obvious to one of ordinary skill in
the art attempting to solve the problem upon which
the inventor was working. In re Wright, 848 F.2d at
1219. Obviousness does not require absolute
predictability of success; rather, al that is required
for obviousness under § 103 is a “ reasonable
expectation of success.” Inre O'Farrell, 853 F.2d at
903-04.

Here, plaintiff claims that the '008 patent is
distinguishabl e from the prior art because “ nowhere
in the prior art is found the genetic sequence coding
for human EPO.” (Amgen's Post-Trial Brief, tab 1, p.
31). Plaintiff also asserts that the vector and host cell
claims differ from the prior art because “ vectors and
transformed host cells containing the human EPO
gene aso were unknown prior to Lin's invention.”
(1d.). Although this argument may have been relevant
with respect to defendants anticipation defense,
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which requires defendants to demonstrate “ identity
of invention,” the standard is different for
determining obviousness or nonobvi ousness under 35
U.SC. 8§ 103. The question in the obviousness
context is whether what the inventor did would have
been obvious to one of ordinary skill in the art
attempting to solve the problem upon which the
inventor was working. See In re Wright, 848 F.2d at
1219.

In order to make a determination whether the '008
claimed invention was obvious, a review of the
prosecution history is helpful. During the prosecution
of the '008 patent, the patent examiner initialy
rejected certain claims as “ obvious’ based on prior
art references which taught in combination cdls from
which erythropoietin  RNA can be isolated, the
making of cDNA from RNA, and the cloning of a
desired strand of DNA. (DX 207, tab 8, p. 8). In
response, Amgen filed an amendment and reply
which provided in relevant part as follows:

It is highly pertinent to the issue of whether the cited
references render Applicant's invention obvious that
hisisolation of DNA encoding human erythropoietin
did not proceed by cDNA techniques attributed to the
references and that his isolation of monkey cDNA
encoding erythropoietin - employed DNA/DNA
hybridization methods and materials nowhere
described or suggested by the references. As
conspicuously noted in the present specification,
Applicant's isolation of human EPO-encoding DNA
was by screening of a human genomic library of
1,500,000 viral plagues... The improved
methodology employed by Applicant is itsdf the
subject of non-elected claim 60 which describes use
of multiple mixed probes, specific substrates,
protease enzyme treatment, specific  probe
concentrations and specific hybridization conditions.
The success achieved by Applicant through practice
of these procedures must be viewed in the context of
the essentialy concurrent pronouncement of the
Anderson, et al. reference ... that such screening
methods are “ ... impractical for isolation of
mammalian protein genes when corresponding
RNA's are unavailable.”

*42 (DX 207, tab 12, pp. 27-28) (emphads in
original).

After Amgen submitted this reply, the patent
examiner again rejected claims under consideration
as" obvious’ based on different prior art references.

(DX 207, tab 13, pp. 4-6). The patent examiner stated
in part that it would be obvious to isolate the human
EPO cDNA sequence by utilizing the erythropoietin
amino acid sequence data set forth in the Sue, et al.
prior art reference in order to devise oligonucleotide
probes for use in screening a cDNA liver library in
the manner taught by other prior art references. (1d.,

p.5).

In a second amendment and reply, Amgen responded
to the patent examiner's new obviousness concerns in
relevant part as follows:

Applicant succeeded in his discovery of DNA
encoding erythropoietin using screening procedures
which are themselves submitted to involve patentable
advances in the art of DNA hybridization.... More
specifically, Applicant employed two distinct sets of
mixed probes to find the human genomic sequence. A
first set consisted of a mixture of 128 20-mers.... The
amino acid sequence which formed the basis for
construction of the first set of probes is now known
to correspond to residues 46-52 of human
erythropoietin. Applicant used both the set of 128 20-
mers ... and a second set of 128 17-mers ( ... relating
to the sequence now known to correspond to
erythropoietin  residues 86-91) to jointly probe
1,500,000 phage plagues of human genomic library
for the human segquence.... Applicant's use of mixed
probes for screening a DNA library (and especialy a
mammalian genomic library) where the message
sought was present in low abundancy had been
projected as being “ impractical” shortly before
applicant's successful work.

(DX 207, tab 15, pp. 16-17) (emphads in original).
Amgen al so stated:

To Applicant's knowledge, 128 mixed probes had
never before been successfully employed in
screening a cDNA library, much less a human
genomic library which is approximately one hundred
times more complex than a cDNA library....

Because Applicant could not have used the Sue et €.
(sic) reference information to follow the Breslow et
al. and Woods et al. procedures to screen a human
genomic library or a monkey cDNA library without
substantialy departing from the quite simple
procedures disclosed in the references, it cannot
properly be argued that the claimed subject matter
would have been obvious to a person of ordinary skill
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in the art at the time Applicant's invention was made.

(1d., pp. 24-25).

After this second reply by Amgen, the patent
examiner rejected certain claims in a third office
action as “ obvious’ based on the prior art work of
Goldwasser et al., Weiss et al., and Egrie taken in
view of other prior art references (DX 207, tab 17, p.
5). The patent examiner stated that based on these
prior art references it would be obvious to prepare
EPO as a fused peptide by extracting the mRNA for
EPO from kidney cells known to be rich therein and
converting that mRNA into a cDNA library, and also
to use a prior art isolating technique together with
monoclonal antibody to human EPO as taught by
Goldwasser, Weiss and Egrie as a probe for isolating
a clone producing EPO. (Id., pp. 5-6). The patent
examiner concluded with the statement: “ At best
only routine genetic engineering techniques would be

involved.” (1d., p. 6).

*43 In response to this office action, Amgen filed a
third amendment and reply which provided in
relevant part:

Applicant notes a the outset that the presently
claimed subject matter involves novel DNA, not a
novel method for obtaining it.

(DX 207, tab 20, p. 17) (emphads in original).
Amgen went on to distinguish the prior art references
cited by the patent examiner, stating:

At best, the Examing can only state that the
invention might have been achieved by means other
than those employed by Applicant. Such speculation
is not an appropriate basis for a conclusion of
obviousness. Were Applicant claiming an invention
in an antibody screening method for isolating
erythropoietin-encoding DNA, the art relied on might
be pertinent. Applicant here claims specific new
products never before in the possession of the public.
That he might have brought them into existence by
some other, untested means alluded to by the prior art
referencesisnot pertinent to patentability.

(1d., pp. 22-23).

There were no other objections made on obviousness
grounds by the patent examiner.

The court concludes based on this review of the

prosecution higtory that the unique probing and
screening method employed by Dr. Lin in isolating
the EPO gene was what distinguished the invention
from the prior art. In diginguishing the prior art
references which Amgen believed were rdevant,
FEN10 Amgen did rely on Dr. Lin's use of two sets of
128 mixed probes to jointly probe the human
genomic library, which previously had been
pronounced asan “ impractica” method for isolating
mammalian protein genes, ™

Defendants have shown by clear and convincing
evidence that the probing and screening procedures
used by Dr. Lin were “ obvious to try.” Dr. FHavell,
defendants expert witness, who currently is the
chairman and professor of immunobiology at Yale
University and who was the president in charge of
research at Biogen in Cambridge, Massachusetts
from 1982 through the summer of 1988, testified that
based on the state of the art in September, 1983, it
would have been obvious to a person of ordinary skill
in the field of gene cloning to try to isolate the EPO
gene using two sets of fully degenerate probes
corresponding to different regions of the amino acid
seguence to screen a genomic DNA library. (Tr. 28,
18).

Dr. Julian Davies, who is professor and head of the
Microbial Engineering Unit at the Pasteur Ingitute in
Paris, and who held the equivalent position to Dr.
Flavell at Biogen's offices in Geneva, Switzerland
from 1980 through 1985, aso testified that it would
have been “ obviousto try” cloning the EPO gene if
the EPO fragments that were available to Dr. Lin in
1983 had been made available to Biogen. (Tr. 8, 51).
Dr. Lin himself testified that the use of two sets of
probes or the use of fully degenerate probes was not
particularly innovative. (Tr. 4, 52). Indeed, Dr.
Fritsch tried this approach as early as October, 1982
in his attempt to isolate the EPO gene at Gl. (Tr. 26,
21-23, 32-33).

*44 However, although the question is a close one,
defendants have not demonstrated by clear and
convincing evidence that there was a “ reasonable
expectation of success’ in cloning the EPO gene
based on this probing strategy. With respect to this
issue, there was a difference of opinion among the
experts. In his testimony at trial, Dr. Davies stated
that although “ it would be obviousto try,” he could
not say whether Biogen scientists would have
succeeded in cloning the EPO gene if Biogen had the
erythropoietin fragments that were available to Dr.
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Lin in 1983. (Tr. 8, 51). He did state in the ITC
proceeding that “ [i]f we had a fantastic library and
we had those same probes ... mentioned in the Lin
patent-1 am sure we would have doneit.” (Tr. 8, 53).
However, he qualified that statement by saying, “
But, you know, | am putting a lot of things together.”

(1d.).

Dr. Wall, one of plaintiff's expert witnesses who is
currently a professor in the Microbiology and
Immunology Department at the UCLA School of
Medicine and who has done extensive research
primarily in the fidd of genetics, molecular biology
and recombinant DNA technology since receiving his
PhD in microbiology in 1970, also testified at trial
that it would have been “ difficult,” no greater than a
50% chance, to find the EPO gene in September-
October, 1983 by screening a genomic library with
two sets of fully degenerate probes from two separate
regions of the amino acid sequence. (Tr. 3, 146-48).
He said, “ you couldn't be certain where in the
genomic DNA vyour probe might fall,” and
mentioned as an example that if the probe happened
to be a sequence which spanned an intron-exon
juncture, then it would not hybridize. (Tr. 3, 148). In
fact, that precise problem happened at Biogen since
the major probe used there-a 20-mer of 128-fold
redundancy based on the first nine residues of the
amino acid sequence-was interrupted by an intron.
(Tr. 27, 68-69, 78). Further, and most significantly,
no one had successfully screened a genomic library
using fully degenerate probes of such high
redundancy as the probes used by Dr. Lin. There was,
therefore, no way of knowing whether a high
background of radioactivity would occur making it
impossible to discern positive hybridizations.

On the other hand, Dr. Flavell did give an expert
opinion that by 1983 there was a reasonable
expectation of successin isolating the EPO gene with
the approach of using two fully degenerate sets of
probes corresponding to different regions of the
amino acid sequenceto screen a genomic library. (Tr.
28, 18-19). However, his testimony does not rise to
the level of clear and convincing evidence for a few
reasons. First, Biogen, the company where he worked
at the time, did not begin to use a genomic library in
screening for the EPO gene until the end of 1983 or
the beginning of 1984, after Dr. Lin had already
succeeded in cloning the gene. Second, Dr. Flavell's
testimony must be weighed againg the testimony of
plaintiff's experts, including Dr. Davies who was
Flavell's counterpart at Biogen's offices in

Switzerland.

*45 Finally, and most significantly, Dr. Flavell based
his opinion on prior art references which do not
show, even in combination, that such an approach
was likely to succeed. Only one of these prior art
references-the Seki, et al. abstract-dedt with the
screening of a genomic library using two sets of fully
degenerate probes. However, the probes used were
not highly degenerate, only of 48-fold and 16-fold
redundancy, and there is no indication in the abstract
that the experiment was actually successful in
isolating the gene of interest. (DX 185).

The prior art references relied on by Dr. Flavell did
show that two fully degenerate sets of probes could
be used to isolate a cDNA clone (DX 204); that a
single probe of extremely high degeneracy could
successfully isolate a gene from a human cDNA
library (DX 203); that two probes of single
redundancy from separate regions could successfully
be used to screen a genomic mouse DNA library (DX
183); and that two probes, one fully degenerate and
one not, could successfully be used to screen a
porcine genomic library (DX 7). But, none of these
prior art references suggests that the probing strategy
of using two fully redundant sets of probes, of
relatively high degeneracy, to screen a human
genomic library would be likely to succeed in pulling
out the gene of interest. The prior art references on
the screening of cDNA libraries do not support the
argument that there was the same expectation of
success in screening a human genomic library, which
is much larger and more complex. The prior art
references on the screening of genomic libraries are
distinguishable because they did not employ two
fully degenerate sets of probes or sets of probes of as
high a degeneracy as the probes used by Dr. Lin. Dr.
Flavell himself testified that the prior art publications
culminating in the '008 patent show a “ gradua
evolution,” which added incrementaly to the
available information in the field of cloning. (Tr. 28,
23).

Defendants have cited other testimony to support
their claim that there was a reasonabl e expectation of
success. Specifically, they refer to the trial testimony
of Dr. Axel Ullrich, one of plaintiff's expert witnesses
with respect to the fields of molecular biology,
recombinant DNA technology and gene cloning, who
is presently director of the Department of Molecular
Biology at the Max Planck-Ingtitut fur Biochemie in
West Germany and who worked at Genentech from
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1979 to 1988 first as a senior scientist and then as a
staff scientist. Dr. Ullrich testified that in 1983 there
was a probability of success in using mixed
oligonucl ectide probes to screen a DNA library. (Tr.
7, 76). However, his testimony was during a line of
guestions concerning his efforts to screen a cDNA
library. (Tr. 7, 75). He did not address whether the
use of fully degenerate sets of probes, of relatively
high redundancy, to screen a genomic library was
reasonably likely to succeed. Moreover, he later
testified that “ the crucial aspect” of his opinion was
that the approach was “ unpredictable,” and also
stated that although the approach “ appears to be
straightforward on paper, ... it is in reality not
straightforward at dl” and “ a problem with any one
of [the individud steps] can lead the experimenter
into difficulty.” (Tr. 7, 15, 70, 117).

*46 Defendants also rely on the testimony of Dr.
Jasper Sadler before the ITC. Dr. Sadler directs a
biochemical molecular biology research laboratory at
Washington University and cloned the plasminogen
gene. He was an expert witness on behalf of Chugai
during the ITC proceeding. He testified that he would
have expected that those skilled in the art could have
and would have been successful in cloning the EPO
gene using the approaches known and available in
1983 if the amino acid sequence information were
available. (Sadler ITC Tr. 826-27, 848). He aso
stated that as of 1983, the methodology Dr. Lin used
in the '008 patent was not a “ novel contribution.”

(Id. at 851-52).

However, Dr. Sadler's own deposition testimony
undercuts his ITC testimony. He testified: “ In
principle, a synthetic oligonucleotide probe should be
adequate to identify the right sequence in a genomic
library or cDNA library if it is present. In practice,
many factors can conspire to make the project
unsuccessful.” (Sadler Dep.Tr. 86). For example, he
pointed out that if a probe sequence is represented
hundreds or thousands of times, the number of false
positives would increase and there would be a
problem of seeing the true positive among the
potential false ones. (Sadler Dep.Tr. 87). He
described the approach taken by Amgen asa* highly
risky approach” which in 1982-1984 he would not
have had confidence would work “ in prospect.”
(Sadler Dep.Tr. 87, 95). Dr. Sadler said that given a
certain kind of amino acid sequence, the approach to
be tried isfairly predictable “ It istrial and error, but
the game is fairly clear.” (Sadler Dep.Tr. 87-88).
This testimony does not amount to clear and

convincing evidence that the approach used by Dr.
Lin in cloning the EPO gene could reasonably be
expected to succeed in 1983.

Accordingly, the court concludes that defendants
have not shown by clear and convincing evidence
that the probing and screening procedures used by
Dr. Lin to isolate the EPO gene were “ obvious’
when he first cloned the gene in September, 1983.
Defendants have shown that the techniques used to
isolate the monkey cDNA clone were obvious, as
evidenced by the approach used at Biogen to isolate
the EPO gene. However, the isolation of the monkey
cDNA clone occurred based on Dr. Lin's successful
isolation of the EPO gene from the human genomic
library using nonobvious procedures, and therefore
does not render the patent invalid under 35 U.S.C. §
103.

3. Bes Mode

Defendants argue that the '008 patent is invalid for
failure to comply with the best mode requirement of
35 U.S.C. 8§ 112 because Dr. Lin failed to disclose the
best host cells known to him as of November 30,
1984, the date he filed his fourth patent application.

35 U.S.C. 8112 providesin relevant part:

The specification shall contain a written description
of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and
exact terms as to enable any person skilled in the art
to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set
forth the best mode contemplated by the inventor of
carrying out hisinvention.

*47 (Emphasis added).

To condtitute adequate disclosure under this
provision, a patent specification must set forth both
the manner and process of making and using the
invention (the enablement requirement) and the best
mode contemplated by the inventor of carrying out
the invention (the best mode requirement). Spectra-
Physics, Inc. v. Coherent, Inc., 827 F.2d 1524, 1532
(Fed.Cir.), cert. denied, 484 U.S. 954 (1987) (“
Spectra-Physics ” ). The two requirements are
separate and distinct from each other; the essence of
the enablement provision is that a specification shall
disclose an invention in such manner as will enable
one skilled in the art to make and utilize it, whereas
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the essence of the best mode provision is that the
inventor disclose the best mode contemplated by him,
as of the time he executes the application, of carrying
out hisinvention. Id., citing In re Gay, 309 F.2d 769,
772 (C.C.P.A.1962). The Federal Circuit explained in
Spectra-Physics:

Enablement |ooks to placing the subject matter of the
claims generally in the possession of the public. If,
however, the applicant develops  specific
instrumentalities or techniques which are recognized
at the time of filing as the best way of carrying out
the invention, then the best mode requirement
imposes an obligation to disclose that information to
the public as well.

Id.; see also Dana Corp. v. |PC Limited Partnership,
860 F.2d 415, 419 (Fed.Cir.1988), cert. denied, 109

S.Ct. 2068 (1989).

The Manual of Patent Examining Procedure, 8§
608.01(p)(C) (the “ Manual " ), provides that patent
applicants whose inventions depend on the use of
microorganisms or other biological material “ must
take additional stepsto comply with the requirements
of 35 U.S.C. 8§ 112" when the microorganisms or
other biological material are not known and readily
available to the public. (DX 957). These additional
steps include the making of a deposit of the
microorganism or other biological material in a
depository that is readily accessible to the public no
later than the effective filing date of the application.
(Id.). The Patent and Trademark Office will aso
accept the deposit of a suitable microorganism or
other biological materia after the effective filing date
of the application so long as the microorganism or
other biological material is identified in the
application as filed and a suitable deposit is made
before the patent is granted. (1d.).

The cases addressing the deposit requirement have
discussed the issue in terms of enablement only
without addressing the best mode requirement. See,
eg, In re Wands, 858 F.2d 731, 735-36
(Fed.Cir.1988); In re Lundak, 773 F.2d 1216, 1220-
21 (Fed.Cir.1985); In re Argouddlis, 434 F.2d 1390,
1392-93 (C.C.P.A.1970); Ex parte Forman, 230
U.S.P.Q. 546, 547 (PTO Bd.Pat.App. & 1nt.1986); Ex
parte Jackson, 217 U.S.P.Q. 804, 806-07 (PTO
Bd.App.1982). See generally Hampar, Patenting of
Recombinant DNA Technology: The Deposit
Requirement, 67 J.Pat. & Trademark Off.Soc'y 569,

607 (1985) (* The deposit requirement is a
nonstatutory mechanism for ensuring compliance
with the * enabling’ provision under 35 U.S.C. 112.”

).

*48 The reason given in these cases for the deposit
requirement is that where an invention depends on
the use of living materials such as microorganisms or
cultures, it otherwise “ may be impossible to enable
the public to make the invention (i.e., to obtain these
living materials) solely by means of a written
disclosure.” In re Wands, 858 F.2d at 735; see also
In re Lundak, 773 F.2d at 1220 (“ [w]hen an
invention relates to a new biological materia, the
material may not be reproducible even when detailed
procedures and a complete taxonomic description are
incdluded in the specification” ). A deposit will be
deemed necessary for enablement where the *
starting materids’ -the living cells used to practice
the invention or cells from which the required cells
can be produced-are not readily available to the
public. In re Wands, 858 F.2d at 735. Even where
starting materials are available, a deposit is necessary
where it would require undue experimentation to
make the cells of the invention from the starting
materials. Id.

Although the case law does not address the question
whether a deposit of the “ best mode” isrequiredin
such cases to satisfy 35 U.S.C. § 112, the Manual
provision by its express terms draws no distinction
between the best mode and enablement provisions
and requires deposits to satisfy both requirements.
FNI2 Moreover, it has been held that a deposit may
satisfy the best mode requirement. In re Wands, 858
F.2d at 736. Although Amgen has argued that § 112
does not require deposits, it does not challenge the
PTO's authority to make depositing requirements. Cf.
Animal Legal Defense Fund v. Quigg, 710 F.Supp.
728, 732 (N.D.Cal.1989) (PTO interpretative rule-
that non-naturally oceurring, non-human
multicellular organisms are patentable subject matter
within the scope of 35 U.S.C. 8§ 101 et seq.-was
promulgated by the PTO within its statutory
authority). The purpose of the best mode requirement
isto ensure that the public, in exchange for the rights
given the inventor under the patent laws, obtains
from the inventor a full disclosure of the preferred
embodiment of the invention. Dana Corp. v. IPC
Limited Partnership, 860 F.2d 415, 418
(Fed.Cir.1988), cert. denied, 109 S.Ct. 2068 (1989).
The requirement that the best mode be described is
satisfied when the specification is sufficient to guide
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one skilled in the art to its successful application.
Sandard Oil Co. v. Montedison, 494 F.Supp. 370,
385 (D.Del.1980), aff'd, 664 F.2d 356 (3d Cir.1981),
cert. denied, 456 U.S. 915 (1982). This does not
mean, however, that a patentee must disclose data on
how to massproduce the invented product.
Christianson v. Colt Industries Operating Corp., 822
F.2d 1544, 1562 (Fed.Cir.1987), vacated on other
grounds, 486 U.S. 800 (1988) (* the law has never
required that a patentee who elects to manufacture its
claimed invention must disclose in its patent the
dimensions, tolerances, drawings, and other
parameters of mass production not necessary to
enable one skilled in the art to practice (as
distinguished from mass-produce) the invention” );
see also In re Gay, 309 F2d 769, 774
(C.CP.A.1962) (“ Not every last detail is to be
described, else patent specifications would turn into
production specifications, which they were never
intended to be” ); Sandard Qil Co. v. Montedison,

494 F.Supp. at 385.

*49 The specificity of disclosure required to comply
with the best mode provision is determined by the
knowledge of facts within the possession of the
inventor at the time of filing the application. Spectra-
Physics, 827 F.2d at 1535. Because the best mode
provision spesks in terms of the best mode *“
contemplated by the inventor,” there is no objective
standard by which to judge the adequacy of a best
mode disclosure. Id. Ingead, only evidence of *“
concealment,” whether accidental or intentional, is
considered. 1d. Because not complying with the best
mode reguirement amounts to concealing the
preferred mode contemplated by the applicant at the
time of the filing, in order to find that the best mode
requirement is not satisfied, it must be shown that the
applicant knew of and concealed a better mode than
he disclosed. Randomex, Inc. v. Scopus Corp., 849
F.2d 585, 587 (Fed.Cir.1988) ( “ Randomex ™ ).

Even though there may be a general reference to the
best mode, the quality of an applicant's best mode
disclosure may be so poor as to effectively result in
concealment. Spectra-Physics, 827 F.2d at 1536;
DeGeorge V. Bernier, 768 F.2d 1318, 1324
(Fed.Cir.1985). It is not up to the court to decide how
an inventor should disclose the best mode, but
whether he has done so adequately under the statute.
Spectra-Physics, 827 F.2d at 1537.

Is the best mode requirement complied with when an
inventor discloses his preferred  embodiment

indiscriminately with other possible embodiments? 2
D. Chisum, Patents § 7.05[1], a 7-78 (1989). The
Board of Patent Appeals and Interferences has stated:

There is no requirement in 35 USC 112 that an
applicant point out which of his embodiments he
considers his best mode; that the disclosure includes
the best mode contemplated by the applicant is
enough to satisfy the statute. Thereis no conceal ment
of best mode here since one of ordinary skill in the
art could readily determine the best operating mode.

Ernsthausen v. Nakayama, 1 U.S.P.Q.2d 1539, 1549
(PTO Bd.Pat.App. & Int.1985), aff'd, 809 F.2d 787,
788 (Fed.Cir.1986). In Randomex, 849 F.2d at 589,
the Federal Circuit agreed with the statement as “
applicable to the facts of this case” But see id. at
592 (Mayer, J., dissenting) (because the inventor
knew that among the disclosed solutions one was the
most effective, but only named it as one among many
possible solutions, he did not meet the best mode
requirement).

Defendants bear the burden of establishing that
Amgen failed to set forth the best mode by clear and
convincing evidence. Railroad Dynamics Inc. v. A.
Sucki Co., 727 F.2d 1506, 1517 (Fed.Cir., cert.
denied, 469 U.S. 871 (1984).

The question is extremely close whether the best
mode was adequately disclosed in the patent
specification. Dr. Lin testified that the best mode host
cell was disclosed in Example 10 of the '008 patent.
(Tr. 5, 19). Example 10 describes expression systems
employing CHO DHFR- cdlls. (PX 2, Cal. 26, 11.44-
46). The CHO DHFR- cell, known by its clone name
DuX-Bll, could be obtained from Dr. Chasin at
Columbia University. (Tr. 32, 21).

*50 Example 10 did set forth the steps for
transfection of the CHO DHFR-célls with plasmids
containing the carrier DNA, as well as the DHFR
gene necessary for the cells to survive, and for
growing the cells in a specified media where only
those cells transformed with the DHFR gene, and
thereby the EPO gene, would survive. (Tr. 32, 57-58;
PX 2, Col. 26, 11. 56-68; Col. 27, 11. 1-4). Example
10 also set forth, as step 3 of the process, a gene
amplification technique to amplify DHFR expression,
and thereby EPO expression, by using MTX
sdections. (Tr. 32, 59; PX 2, Cal. 27, 11. 27-46). The
patent provides that the cells subject to the MTX
procedure are a “ (geneticaly heterogeneous
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population.” (PX 2, Col. 28, 11. 9-10). Therefore,
the final step set forth in Example 10 is the
employment of “ [s]tandard screening procedures ...
in an attempt to isolate geneticaly homogeneous
clones with the highest production capacity.” (Id.,
11. 10-13). Dr. Lin testified that this last step meant
the use of routine limited dilution cloning procedures.
(Tr. 5, 19-20).

Dr. Simonsen agreed that Example 10 did discuss the
standard  procedures of  transfection, MTX
amplification and limited dilution cloning. (Tr. 33,
26).

Here, defendants concede that the '008 patent would
have enabled skilled scientists as of November 30,
1984 to make a host cell yielding some degree of
EPO production. (Defendants Joint Post-Trial Brief,
p. 19). Indeed, defendants own expert, Dr. Christian
Simonsen, testified that he had “ no doubt” that with
the vectors and sequences, as well as the transfection,
gene amplification and limited dilution cloning
techniques, described in Example 10 of the patent,
someone skilled in the art could generate cel lines
expressing some level of EPO, maybe better or
maybe worse in terms of EPO production. (Tr. 33,
25-27; see also Sadler ITC Dep.Tr. 848).

Relying on the Manual, defendants instead argue that
Amgen did not satisfy the best mode regquirement
because it did not deposit any CHO cells, including
any cdls derived from the CHO BIl 3,.1 cell strain,
with a publicly accessible repository or identify or
describe CHO BIl 3,.1 or any of its derivative cell
lines in the '008 patent, even though the inventor
knew that a selection had been made of a limited
number of promisng CHO BIl 3,1 cdl lines for
commercial production prior to the filing of the '008
patent application on November 30, 1984.

Defendants did establish by clear and convincing
evidence at trial that Dr. Lin, as head of the EPO
project (Tr. 6, 57), knew by November 30, 1984 that
the best way to express EPO was from mammalian
cells, not yeast cells or E. Cdli cells, and that a cell
line derived from 11 possible clones from the CHO
Bll 3,.1 cell strain was to be used for Amgen's master
working cell bank which was expected to be started
on November 26, 1984. The 11 clones to be
deve oped for the master working cell bank at Amgen
were from the CHO BIl 3, .1 cel strain, which is
scientific short-hand indicating that the host cell
resulted from the amplification of CHO DHFR-cells

transfected with the plasmid vector pDSVL-gHUEPO
and methotrexate selection at the levels of 30, 50 and
100 nanomolars of MTX. (Tr. 32, 53, 97).

*51 Despite this knowledge, Dr. Lin made no
deposits when he filed his November 30, 1984
application, having previousy deposited on
November 21, 1984 only the best E. Coli cell strain
and best yeast cdl strain without the EPO gene.
Approximately 3 years later, one week before the
patent issued, on October 20, 1987, Lin did deposit
an E. Coli cdl transfected with the monkey cDNA
EPO clone and a human EPO clone in “ lambda
phage,” and transmitted a Declaration as to Deposit
of Microorganism with the PTO indicating the
deposit of two clones, onein an E. Cali host cell. (PX
5).™M2 Amgen did not apply for a certificate of
correction to the patent to identify the 1987 deposits
until  April, 1989. Dr. Lin never deposited any
mammalian host cell strain, including any CHO cell,
with the ATCC.

Amgen counters that the patent adequately describes
in words the best mode of the invention. The patent
describes that cell strain CHO pDSVL-gHUEPO was
subjected to a series of inaessing MTX
concentrations of 30nM, 50nM, 100nM, 200nM, 1
miccomolar and 5 micromolar MTX. As of
November 30, 1984, the MTX amplification had
progressed to 1 micromolar, or 1000 nanomolars. (Tr.
10, 14-15). The patent gave EPO production rates for
both the 100 nanomolar MTX-amplified cells and the
1 micromolar-treated cells. (Tr. 10, 16-17; PX 2, Col.
28, 11. 1-8). The cells grown at 100 MTX had an
effective production rate of 1264 units per 10 to the
6th cells per 48 hours, whereas the cells grown at 1
micromolar MTX had an effective production rate of
2167 units per 10 to the 6th cells per 48 hours. (PX
303). Thereisno indication in the patent that the cells
grown at 100nM werethe preferred host cells, despite
Amgen's decision by November 30, 1984 to utilize
those cells as opposed to 1 micromolar-treated cells
for itsmaster cell bank.

Although plaintiff did not specifically name the cell
strain as CHO Bl 3., 1 in the patent, it did disclose
the best mode in Example 10 of the invention, when
it described the production rates of the 100
nanomolar-amplified cells and one micromolar-
treated cells. The tough question is whether this
disclosure was so inadequate as to effectivel y amount
to conceal ment.
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Firdg, the patent discloses many embodiments of the
claimed invention of a eukaryotic or prokaryotic host
cell transfected with th EPO sequence and expressing
EPO, but never discloses that the preferred
embodiment is the CHO cell. Indeed, Dr. Lin
deposited the E. Coli and yeast host cells, which were
not transfected, prior to filing the application but did
not deposit the preferred embodiment, the
mammalian host cell. However, the evidence is clear
that EPO is a glycosylated protein which cannot be
expressed in a sialated form in prokaryatic cells, like
E. Coli and yeast cdls. (Tr. 32, 49). Moreover, there
were recognized problems with using COS cells to
express protein in light of their lack of stability. (See
p. 22 supra). Therefore, athough Amgen did not
specify or deposit the preferred mode of embodiment,
there is no clear and convincing evidence that one
skilled in the art would not understand that CHO host
cells as described in Example 10 were the best mode.

*52 Second, while Dr. Lin did not distinguish
between cells amplified at 100 nM and 1 micromolar
MTX so as to indicate which cell strain was the
preferred best mode, the indiscriminate disclosure in
this instance of the preferred best mode along with
one other possible mode satisfies the best mode
requirement. Randomex, 849 F.2d at 589.

Defendants argue that the disclosure of the best mode
in the patent was inadequate. Dr. Simonsen testified
that one following the methods and techniques set
forth in Example 10 “ may not have been able to
reproduce [the] results and most certainly would not
have been ableto generate cell linesidentical to those
described later in the PLA, nor would they be able to
isolate an identical cell population to that described
in the patent, although what is described in ..
Example 10 ... you wouldn't know if the properties
arethesame.” (Tr. 33, 21-22) (emphasis added).

This argument is bolstered by the salient fact that
Amgen did not depaosit any CHO cell, much less a
sample from the CHO BIl 3,.1 cell strain, with the
ATCC despite the patent examiner's specific request
that a deposit be made. (See Tr. 34, 44; DX 207, tab
8, p. 4). Specifically, the patent examiner stated:

The specification is objected to under 35 U.S.C. 112,
first paragraph, as failing to provide an enabling
disclosure. The invention depends on certain specific
plasmids/microorganisms. As such, a deposit is
required under 35 U.S.C. 112.

Although the patent examiner did not specify exactly
what was to be deposited, defendants rely on the
testimony of Mr. Eugene Rzucidlo, a former patent
examiner and a member of the Patent Board of
Appeals, who testified that in his opinion the “
microorganisms’ referred to by the patent examiner
meant the host cells. (Tr. 34, 45).

Amgen strenuously argues that it was not required to
deposit host cells. However, it has never adequately
explained why E. Coli and yeast cdls, which are
available to the scientific community, were
deposited, but not the best mode mammalian cells.
The failure to deposit a CHO host cell despite the
Manual provision and the patent examiner's directive,
particularly in light of Amgen's willingness to deposit
other kinds of host cells, constitutes evidence of
concealment of the best mode.

Nonetheless, the court concludes that the failure to
deposit is not enough to constitute clear and
convincing evidence of concealment. Unlike the
situation in Spectra-Physics, as the Simonsen
testimony indicates, the details presented concerning
the amplification process in Example 10 were
sufficient to enable one of ordinary skill in the art to
make the best mode of the invention. There is no
evidencethat Dr. Lin knew of a better mode which he
failed to disclose at al. The patent examiner did
allow the issuance of the patent after the October 20,
1987, deposits a the ATCC even though the CHO
cell was never deposited. There is no evidence in the
record that the patent examiner was misled as to the
fact that an E. Coli cell transfected with a monkey
cDNA clone and a lambda phage clone were
deposited, instead of a CHO cell. (PX 5, Declaration
re: Microorganism Deposit, § 3). Therefore, the court
has no clear and convincing evidence, despite Mr.
Rcuzidlo's testimony as to his own interpretation of
the term “ microorganism,” that the deposit of the
CHO cdlls as opposed to the clone itself, had been
ordered by the patent examiner.

*53 Defendants argue that in the absence of *
information completdy characterizing the cell,” it
would be highly improbable that a different scientist
would select the same cells to clone as Amgen. (DF
IVV-30). However, they have pointed to no clear and
convincing evidence that Amgen had information by
November 30, 1984 about other characteristics,
which would have better enabled those of ordinary
skill in the art to identify the best mode host cell; or
that the description of the production rate combined
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with the amplification procedure was so poor as to
effectively constitute concealment.

Rather, defendants argue: “ What the patent does not
disclose, and given the inherent unpredictability of
available techniques could not disclose, are the
characteristics of host cells which a scientist could
reliably reproduce” (Docket 391, p. 5). However,
the court declines in the circumstances of this case to
hold that the only way to meet the best mode
requirement for a transfected host cell is to deposit,
although as Dr. Simonsen pointed out, a deposit is “
cheap insurance” to ensure this best mode
requirement has been met. (Tr. 33, 29). The
testimony is clear that no scientist could ever
duplicate exactly the best mode used by Amgen, but
that those of ordinary skill in the art could produce
mammalian host cell strains or lines with similar
levels of production identified in Example 10.

Accordingly, the court concludes that defendants
have not demonstrated under the clear and
convincing evidence standard that the best mode
requirement of § 112 has not been met here.

4. Enablement of Claim 7

Defendants contend that claim 7 (and claims 8, 23-27
and 29 which are dependent on clam 7) is invaid
under 35 U.S.C. § 112 because it is a single means
claim.

Claim 7 of the '008 patent reads:

A purified and isolated DNA sequence consisting
essentiadly of a DNA sequence encoding a
polypeptide having an amino acid seguence
sufficiently duplicative of that of erythropoietin to
allow possession of the biological property of causing
bone marrow cells to increase production of
reticulocytes and red blood cells, and to increase
hemogl obin synthesis or iron uptake.

Dr. John Wal, Amgen's expert, testified that “
sufficiently duplicative’” means that it either has the
sequence of erythropoietin or is very close to it. (Tr.
2, 30).

A “ single means claim” is a claim drafted in “
means-plus-function” format yet reciting only a
single element instead of a combination. In Re Hyatt,
708 F.2d 712, 713 (Fed.Cir.1983). Paragraph six of §
112 sanctions the use of the means-plus-function

format for combination claims only. 1d. See generally
O'Reilly v. Morse, 56 U.S. 62, 112-113 (1854);
General Elec. Co. v. Wabash Appl. Corp., 304 U.S.
364, 371 (1938) (“ A patentee may not broaden his
product claims by describing the product in terms of
function.” ).

The proper gatutory basis for the rejection of a single
means clam is the requirement of the first paragraph
of 35 U.S.C. § 112 that the enabling disclosure of the
specification be commensurate in scope with the
claim under consideration. In re Hyatt, 708 F.2d at
714. The long-recognized problem with a single
means claim is that it covers every conceivable
means for achieving the stated result, while the
specification discloses at most only those means
known to the inventor. Id. Thus, the claim is properly
regjected for what used to be known as “ undue
breadth,” but which has since been appreciated as
being, more accurately, based on the first paragraph
of 8§ 112. Id.; see also In re Borkowski, 422 F.2d 904,
909 (C.C.P.A.1970).

*54 Gl argues that claim 7 is a single means clam
which contains a single element, a DNA sequence,
defined only in terms of its properties or function.
(Docket 388, p. 20 n. 9). Amgen does not contend
that claim 7 is a combination claim but does dispute
that it is a single means claim. Amgen aso argues
that there is nothing wrong with the use of functional
languageto claim an invention.™* See, e.g., Rohm &
Haas Co. v. Dawson Chemical Co., 557 F.Supp. 739,
801 (S.D.Tex.1983), rev'd on other grounds sub nom.
Rohm & Haas Co. v. Crystal Chem. Co., 722 F.2d
1556 (Fed.Cir.1983), cert. denied, 469 U.S. 851
(1984) (where the claimed invention was a method
using a chemical compound for selectively killing
nearby undesirable plants and had been successfully
screened with respect to numerous crops, “ [t]he use
of functional language to claim an invention is
specifically approved by statute, the patent office and
the courts, particularly where, as here, it is obviously
impossible to enumerate all possible combinations of
weeds, crops and application rates of propanil which
will produce the recited useful selective, post-
emergence activity” ).

The essential question here is whether the scope of
the enablement in claim 7 is as broad as the scope of
the claim. See generally 2 D. Chisum, Patents §
7.03[7][b] (1989). In re Fisher, 427 F.2d 833
(C.CP.A.1970) ( “ Fisher " ), provides a useful
anaytic framework. That case related to the
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preparation of substances containing
adrenocorticotrophic  hormones (ACTH) in a
composition suitable for injection into human beings
in the treatment of certain forms of arthritis and other
human pathological conditions. One claim defined
the subject matter of the invention as a hormone
preparation of certain purity and potency being
further characterized as containing a “ polypeptide of
at least 24 amino acids’ with a certain sequence. The
court held that the patent application did not enable
such abroad claim for the following reason:

The parent disclosure mentions treating extracts from
“ hog, beef, lamb, and other animal pituitary glands,
and including also pituitary glands of whales.” From
the instant specification and the Li articles, we know
that the hog, beef and lamb ACTHSs will contain 39
amino acids, of which the first 24 will be in the
recited sequence. We do not know, from the record,
the chemical structure of ACTHs of whales or other
animals. Appellant's parent application, therefore,
discloses no products, inherently or expressly
containing other than 39 amino acids, yet the clam
includes all polypeptides, of the recited potency and
purity, having at least 24 amino acids in the chain in
the recited sequence. The parent specification does
not enable one skilled in the art to make or obtain
ACTHSs with other than 39 amino acids in the chain,
and there has been no showing that one of ordinary
skill would have known how to make or obtain such
other ACTHs without undue experimentation.

*55 Id. at 836 (emphasisin original).

The court also found that another claim which
involved a partially purified ACTH preparation was
not enabled by the application, stating:

It is apparent that such an inventor should be allowed
to dominate the future patentable inventions of others
where those inventions are based in some way on his
teachings. Such improvements, while unobvious from
his teachings, are still within his contribution, since
the improvement was made possible by his work. It is
equally apparent, however, that he must not be
permitted to achieve this dominance by claims which
are insufficiently supported and hence not in
compliance with the first paragraph of 35 U.S.C. §
112. That paragraph requires that the scope of the
claims must bear a reasonable correlation to the
scope of enablement provided by the specification to
persons of ordinary skill in the art. In cases invalving
predictable factors, such as mechanicd or dectrical

elements, a single embodiment provides broad
enablement in the sense that, once imagined, other
embodiments can be made without difficulty and
their performance characteristics predicted by resort
to known scientific laws. In cases involving
unpredictable factors, such as most chemical
reactions and physiological activity, the scope of
enablement obviously varies inversely with the
degree of unpredictability of the factorsinvolved.

Id. at 839 (emphasis added). See also Schering Corp.
v. Gilbert, 153 F.2d 428, 433 (2d Cir.1946) (“ Claim
4 covers by means of a broad elastic chemica
formula... not only the compounds illustrated by way
of examples in the specifications but also every
possible variation of them which might result from
further experiment. The specifications do not support
that sort of claim but are no more at best than
suggestions for experiment. Such experiment might
be practicaly endless and futile as a matter of fact....
The claim is for an enormous number of as yet
nonexistent compounds and is far broader than any
disclosure in the patent” ); Hormone Research
Foundation v. Genentech, Inc., 708 F.Supp. 1096,
1107 (N.D.Cal.1988) (the breadth of claims
supported by a patent's disclosure varies inversely
with the degree of unpredictability of the factors
involved).

To be enabling under § 112, a patent must contain a
description that enables one skilled in the art to make
and use the claimed invention. Atlas Powder Co. v.
E.l. DuPont de Nemours, 750 F.2d 1569, 1576
(Fed.Cir.1984) (where the patent disclosure listed
numerous salts, fuels and emulsifiers that could form
thousands of emulsions, but no commensurate
teaching as to which combination would work, the
clam was dtill enabled because there was a list
known to those skilled in the art as to how to sdect
the proper combination). That some experimentation
is necessary does not preclude enablement; the
amount of experimentation, however, must not be
unduly extensive. Id. Although it is not the function
of clams to specificaly exclude inoperative
combinations, if the number of such inoperative
combinations becomes significant, and in effect
forces one of ordinary skill in the art to experiment
unduly in order to practice the claimed invention, the
claims might indeed be invalid. Id.

*56 Use of prophetic examples does not
automatically make a patent non-enabling. Id. at
1577. The burden is on the one challenging validity
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to show by clear and convincing evidence that the
prophetic examples together with other parts of the
specification are not enabling. Id.

Here, the '008 patent provides. “ In addition to
naturally-occurring alleic forms of mature EPO, the
present invention also embraces other ‘ EPO
products' such as polypeptide analogs of EPO and
fragments of * mature EPO.” (PX 2, Col. 37, 11. 1-
4). The patent points out that under published
procedures, genes can be designed which differ from
mature EPO in terms of the identity or location of
one or more residues. In addition, modifications of
the gene may be accomplished by “ wel-known site-
directed mutagenesis techniques.” (PX 2, Col. 37,
11. 11-15). These altered genes are called analogs,
which have been defined as molecules that have
substantially the same biological properties as the
native molecules. (Elliott Dep.Tr. 97). The patent
describes certain projected analogs. (PX 2, Col. 37, II.
11-36). None was constructed before the '008 patent
application was filed. (Tr. 5, 27, 31). The patent also
covers pol ypeptide fragments duplicating only a part
of the continuous amino acid sequence or secondary
conformations within mature EPO, which fragments
may possess one activity of EPO and not others. (PX
2, Col. 37, 11. 36-41).

In the four to five years since the '008 application
was filed, Amgen has engaged in an ongoing EPO
analog program headed by Dr. Steven Elliott, who
has a PhD from the University of Californiaat Irvine
in molecular biology and biochemistry, and began
work at Amgen in 1983. (Tr. 9, 7-9; Elliott Dep.Tr.
5). One of the purposes of making EPO analogs isto
develop variants of EPO with improved properties,
like better biological activity or better stability.
(Elliott Dep.Tr. 14). To make one analog requires
from afew days to a few weeks. (Elliott Dep.Tr. 29).
In four years, Elliott has made 50 to 80 analogs, with
in vitro specific activity varying over two to three
orders of magnitude. (Elliott Dep.Tr. 29, 72). The
Elliott analogs have involved replacements,
substitutions, and deletions of the amino acids
described in the patent. (Elliott Dep.Tr. 189). Over
3,600 different analogs can be made by substituting
at only a single amino acid position; and over a
million different analogs can be made by substituting
three amino acids. (Elliott Dep.Tr. 18-19).

Dr. Elliott testified in a deposition that a scientist
might be able to predict the activity of some analogs
but not others (Elliott Dep.Tr. 30). He also testified

that no one could predict how many anaogs would
have increased or decreased activity, but that the
majority of analogs would probably not significantly
change the activity. (Elliott Dep.Tr. 38). Dr. Elliott
said that Amgen had not measured all of the
biological properties of the anal ogs he had made, and
he did not know whether the analogs had the
biological property of causing bone marrow cells to
increase production of reticulocytes and red blood
cels, and to increase hemoglobin synthesis or iron
uptake. (Elliott Dep.Tr. 191-192). Dr. Elliott did not
know if any of the plasmids described in the patent
(PX 2, Col. 37, 11. 33-35) had this biological
property. (Elliott Dep.Tr. 192).

*57 On March 17, 1986, Elliott and Lin prepared a
summary of EPO analog work which reported that
five synthetic EPO peptides had been created
containing portions of the EPO molecule, but that
only one had shown any EPO-potentiating activity in
the in vitro assay; no in vivo assay had been
conducted. (Elliott Dep.Tr. 94-95; DX 455). Elliott
did not know if these molecules were analogs. (Elliott
Dep.Tr. 95).

In April, 1989, Dr. Goldwasser testified concerning
his work in an ongoing study funded by the National
Ingitutes of Health to modify some of the amino
acids in the intact EPO structure to see the result of
those modifications on biological activity sites.
(Goldwasser Dep.Tr.Val. 11 140.) Scientists have not
yet sorted out which particular amino acid residue is
required for biological activity, and the data is
incomplete. (Goldwasser Dep.Tr.Vol. |l 140). Dr.
Goldwasser could not testify as to the effect of
reagants on certain amino acid residues without
empirical study because “ [t]here is no theory that
tells us what to look for.” (Goldwasser Dep.Tr.Val.
[1141).

Based on this evidence, the court concludes that
defendants have provided clear and convincing
evidence that the patent specification isinsufficient to
enable one of ordinary skill in the art to make and use
the invention claimed in claim 7 of the '008 patent
without undue experimentation. In making this
determination, the court relies in particular on the
lack of predictability in the art, as demonstrated by
the testimony of both Dr. Goldwasser and Dr. Elliott.
After five years of experimentation, Amgen is till
unable to specify which andogs have the biological
properties outlined in claim 7. Unlike Atlas Powder
Co. v. E.l. DuPont de Nemours, supra, where those
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of ordinary skill in the art had a list to select the
proper combination of chemicals, here, according to
Dr. Goldwasser, there is no theory which tells leading
scientists in the field what combination of amino
acids will have the biological property claimed in the
patent. As stated in Fisher, in “ cases involving
unpredictable factors, such as most chemical
reactions and physiological activity, the scope of
enablement obviously varies inversely with the
degree of unpredictability of the factors involved.”
427 F.2d at 839.

This conclusion of non-enablement with respect to
claim 7 and the dependent claims is not intended to
authorize infringement of the claimed invention in
claim 2 by means of insignificant del etions, additions
or substitutions of amino acids to the EPO protein
which have no substantial effect on the biological
activity of EPO. See Martin v. Barber, 755 F.2d
1564, 1567 (Fed.Cir.1985) (the doctrine of
equivalents dlows a finding of infringement when
the accused device and the claimed invention *“
perform substantially the same function in
substantially the same way to yield substantially the
same result” ); see also Graver Tank & Mfg. Co. v.
Linde Air Products Co., 339 U.S. 605, 609 (1950) (*
What congtitutes equivalency must be determined
against the context of the patent, the prior art, and the
particular circumstances of the case.... Condderation
must be given to the purpose for which an ingredient
is used in the patent, the qualities it has when
combined with the other ingredients, and the function
which it isintended to perform.” ).

*58 5. Inequitable Conduct

Defendants argue that '008 patent is unenforceable
because in prosecuting the '008 patent, Amgen failed
to disclose certain information which would have
been materid to the patent examiner in deciding
whether to alow the claims of the patent.

a. The Goldwasser tryptic fragments.

Defendants first claim that Amgen concealed the fact
that the tryptic fragments of the EPO gene from
which the sequence information was derived were
obtained from Dr. Goldwasser and were not made by
Amgen. The court, however, concludes that
defendants have not established by clear and
convincing evidence that there was any material
omission or misstatement made by Dr. Lin with
intent to mislead or deceive the PTO about the

Goldwasser tryptic fragments.

Defendants  specifically argue that  Amgen
misrepresented that Dr. Goldwasser had provided
only “ natural erythropoietin” as contrasted with its
in-house scientist, Por Lai, who had assisted in
seguencing “ fragments.” (Docket 388, p. 24). The
record demonstrates that the statement that “ Por H.
La .. was a research scientis who assisted in
seguencing fragments of the erythropoietin protein”
iscorrect. (Tr. 5, 43; DX 786).

Moreover, athough it is true that Goldwasser
provided fragments from the natural EPO he
possessed, not just natural EPO, there was no
showing that this was a material misrepresentation
since preparing the fragments was known in the art.
(PX 566, Col. 27, 11. 16-25). Defendants also have
not demonstrated that the mere preparation of the
fragments, without more, constitutes prior art which
would invalidate the patent under 35 U.S.C. § 102(f)
and (g) since the invention claimed here is cloning
the gene, not preparation of EPO fragments.

Finally, Amgen has claimed that its invention was not
obvious because of the use of a large number of
mixed fully degenerate oligonuclectide probes to
screen a genomic library, not because of any novel
fragmenting or sequencing technique. Regardliess of
who prepared the fragments, Dr. Lin was the one who
sdected the T-35 and T-38 fragments, designed the
probes based on sequence information obtained by
his assistant Por La, under his direction, and
screened the library. Even if Amgen should have
disclosed that fragments of natural EPO were
provided by Dr. Goldwasser, defendants have not
demonstrated that this omission was intentional since
Dr. Lin did not consider it material to what he
perceived in good faith to be the invention. The
failure to disclose that Dr. Goldwasser had provided
the EPO fragments was neither material nor
intentional.

b. Number of probes used to isolate the monkey
cDNA EPO gene.

Defendants next argue that Amgen misrepresented to
the patent examiner that he used 128 probes to screen
a cDNA library to isolate the monkey EPO gene.
Specifically, Lin stated to the patent examiner:

More, specifically, Applicant employed two distinct
sets of mixed probes to find the human genomic

© 2007 Thomson/West. No Claim to Orig. U.S. Govt. Works.



Case 1:05-cv-12237-WGY Document 821-6

Not Reported in F.Supp.

Filed 08/16/2007 Page 42 of 64

Page 42

Not Reported in F.Supp., 1089 WL 169006 (D.Mass), 13 U.S.P.Q.2d 1737

(Citeas: Not Reported in F.Supp.)

sequence. A firg set consisted of a mixture of 128
20-mers.... The amino acid sequence which formed
the basis for construction of the first set of probesis
now known to correspond to residues 46-52 of
human erythropoietin. Applicant used both the set of
128 20-mers of Table 11 and a second set of 128 17-
mers ... to jointly probe 1,500,000 phage plagques of
human genomic library for the human sequence.
Three positive clones were isolated. The set of 128
20-mers was thereafter used to successfully screen a
200,000 colony monkey kidney cDNA library, with
only seven positive clones being isolated from the
200,000 screened.

*59 (DX 207, tab 15, pp. 16-17) (emphasis in
original).

Lin later stated: “ To Applicant's knowledge, 128
mixed probes had never before been successfully
employed in screening a cDNA library, much less a
human genomic library, which is approximately one
hundred times more complex than a cDNA library.”
(DX 207, tab 15, p. 24). Lin aso pointed out that a
mixture of 128 oligonucleotide probes was “ far in
excess of 16 or 32 or 48 component mixtures of the
Breslow et al. or Woods et al. references.” (I1d.). The
Woods, et al. reference involved screening a cDNA
library with mixtures of probes that were 32-fold and
48-fold degenerate. (See p. 49 supra ). The patent
examiner had rejected the cDNA claims, stating that
they were unpatentable over these references, and
others which teach a monkey source for EPO. (DX
207, tab 13, p. 5).

At trial, Lin admitted he only used a subset of the
EpV 128 probes in screening the cDNA library. (Tr.
9, 96). He said there were 16 probes in that mixture,
not 128. (Tr. 9, 96). Lin was aware that other persons
in the field of cloning had successfully employed as
many as 32 probes to isolate genes from a cDNA
library. (Tr. 9, 97).

Defendants have presented clear and convincing
evidence of a misrepresentation. However, they have
not presented clear and convincing evidence that the
patent examiner would have considered the
misrepresentation important in deciding whether to
issue the patent. The primary thrust of Dr. Lin's
statement to the patent examiner was the use of 128
probesin screening a genomic library. Dr. Lin did not
isolate the monkey cDNA seguence until two or three
weeks after cloning the human genomic gene. (Tr. 4,
72). Amgen had already confirmed that the genomic

clone isolated was in fact the EPO gene because it
was sequenced. (Tr. 4, 74). Lin used a mixture of
EpV probes which had already proved successful in
isolating the gDNA EPO sequence. He could have
attempted initially to screen a monkey cDNA library,
instead of a genomic library, to isolate the monkey
MRNA as away to get the human gene because there
was no known human tissue that was enriched in
EPO messenger RNA. (Tr. 4, 73). However, he got
the human gene “ without the hassle of having the
monkey gene.” (Tr. 4, 73). Because Lin aready had
isolated the EPO gene, and determined the amino
acid sequence, defendants have not demonstrated that
the fact that Dr. Lin used a subset of the EpV
mixture, as opposed to the full set, would have been
materia to the patent examiner's determination.

6. Patent Misuse

Defendants argue that the '008 patent is
unenforceable because Amgen misused the patent by
its commencement of the ITC proceeding against
Chugai with knowledge that its claims were without
foundation and in an attempt to extend the '008
patent's monopoly. The court concludes that
defendants have failed to prove that Amgen's
assertion of the '008 patent before the ITC wasin bad
faith or constitutes patent misuse.

*60 After Amgen filed its first ITC complaint, the
Commission voted to institute and investigate under
the Tariff Act of 1930, 19 U.S.C. § 1337a, whether
there was a violation of the Act in the * unlawful
importation of certain recombinant erythropoietin
into the United States, or in its sale, by reason of
alleged manufacture abroad by a process’ which
would if practiced in the United States infringe
Amgen's patent. (PX 43, p. 2). Amgen contended that
the '008 patent covered certain “ intra-cellular
processes which occur in connection with the
manufacture of EPO by transfected host cells,” and
that the host cell claims in the patent were “ unique
hybrid claims containing both product and
processes.” (PX 43, pp. 21-22). Chugai's mation for
summary determination was denied. (PX 43, p. 3).

After a period of discovery, and a review of
depositions, exhibits and testimony supporting
proposed findings of fact, the administrative law
judge made an “ initial determination” that the “
claims of the '008 patent do not cover a process
which is used to manufacture EPO.” (PX 43, pp. 60-
61). The ITC dismissed the complaint, ruling, anong
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other things, that as a matter of law the '008 claims
cannot cover these intracellular processes. (DX 466,
pp. 10-11).

The court does not find clear and convincing
evidence that Amgen pressed the ITC complaint in
bad faith. Defendants argue that the '008 patent
claims* are clearly product-not process-claims,” and
that Amgen knew that the '008 patent did not contain
any process claims at the time it made its allegations.
(Docket 388, pp. 27-28). However, although Judge
Young ruled that the '008 patent does not contain any
process claims covering the process of manufacturing
recombinant erythropoietin, he recognized it “ may
well be that the word * process in 19 U.S.C. sec.
1337a ... should be interpreted more broadly than the
above interpretation of * process made by this Court
in the context of patent law.” Amgen, 706 F.Supp. at
110-111. Amgen's argument concerning the hybrid
process and product claims was unique and
ultimately was rejected; but the technology involved
was novel, and the ITC itself beieved it had a
sufficient basis for commencing an investigaion. It
was only after an elaborate fact-finding process that
the argument was rejected.

On February 3, 1989, Amgen filed its second
complaint with the ITC seeking inditution of an
investigation pursuant to 19 U.S.C. 8§ 1337 of unfair
methods of competition and unfair acts by Chugai in
connection with the importation of recombinant EPO
into the United States from Japan. (DX 837). It relied
on the following statement by the adminigtrative law
judge in the “ initial determination” on the first
complaint:

There are a number of facts and circumstances
established in the record which could justify a
broader based investigation. Fird, it is clear that
Chuga entered into a licensing agreement with
Genetics Ingtitute knowing that Amgen had both
cloned the gene first and applied for a patent first....
Respondents and the collaborator Genetics Institute
were aware of potential patent problems which might
hinder their joint venture, and sought to escape from
U.S. laws by manufacturing recombinant EPO
abroad.... Respondents removed transfected host cells
from the United States prior to issuance of Amgen's
patent to use abroad to produce recombinant EPO
with the intent of importing it into the United States.

*61 Since the biotechnology industry is newly

emerging ... and is an important industry for the
United States, the Commission may wish to
reingtitute this investigation on a different basis, and
determine whether there are unfair trade practices
involved in respondents (sic) importation of EPO,
which may fall short of or not involve patent
infringement.

(PX 43, pp. 28, 30).

Although the ITC dismissed the complaint by
unanimous vote, Amgen ingituted the second
complaint as a result of this language in the
adminigrative law judge's opinion. (DX 837).
Therefore, defendants have not demonstrated that
Amgen ingtituted the second complaint in bad faith.

B. Infringement
1.Gl

Gl has not produced any evidence disputing that it
has infringed the claims of the '008 patent, and
appears not to contest infringement in any of the
post-trial memoranda. Accordingly, the court finds
that Gl has infringed claims 2, 4, 5, 6, 7, 8, 23, 24,
25, 27 and 29 of the '008 patent. (See Tr. 2, 26, 29
35).FN15

2. Chugai

Amgen also claims that Chugai has infringed claims
2, 5 and 6 of the '008 patent. It bases its charge of
infringement on Chugai Admission No. 155 and the
testimony of Dr. Fritsch. Chugai's response to
Amgen's Request for Admission No. 155 states in
relevant part: “ Chugai denies that it has ' shipped’
DNA for the purpose of alowing Gl to clone that
DNA. Chugai admits that it has * shipped DNA
seguences from its host cells in Japan to Gl for the
sole purpose of conducting DNA stability studies
required by the U.S. FDA.” (Docket 286).

David C. Heitz, the executive vice president of G.H.
Besselaar Associates (* Bessdaar” ), testified on
behalf of Chugai. Besselaar is in the business of
providing clinical development services to its clients
seeking the approval of new drugs in the United
States. (Tr. 31, 94). In 1987, Chugai asked Besselaar
to assist it in the clinical development of EPO. (Tr.
31, 96). Besselaar filed a product license application
(* PLA” ) on behalf of Chugai in September, 1988,
which contained clinical information relevant to the
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safety and efficacy of the new drug EPO in its
intended use. (Tr. 31, 97).

The FDA requires DNA sability data in connection
with the regulatory approval process. (Tr. 31, 74).
Chugai shipped two samples of DNA to GI, which
were received on May 3, 1988, so that Gl could
perform DNA stability studies on Chugai's behalf.
(Tr. 31, 75-76). Chugai requested that Gl clone the
EPO gene and perform DNA sequence analysis to
determine the DNA sequence of the EPO coding
region. (Tr. 31, 77). The two DNA samples as
received were incapable of producing EPO. (Tr. 31,
75). Gl did not use any biologically functional
vectors as defined in claim 5 of the '008 patent, but
only used cloning vectors which would not permit
EPO to be expressed. (Tr. 31, 78-79). Gl dso made
no use of any transfected host cells which are
described in claim 6 of the '008 patent in connection
with the stability studies. (Tr. 31, 79).

*62 Gl made no use of theinformation generated as a
result of the stability studies other than send it to
Chugai. (Tr. 31, 77-78). Besselaar submitted the
stability data to the FDA as part of Chugai's PLA.
(Tr. 31, 106).

Based on this evidence, the court concludes that
defendants have demonstrated that Chugai's May,
1988 shipment of two DNA samples to Gl for the
conduct of stahility studies was “ solely for uses
reasonably related to the development and
submission of information under” reporting
requirements of federal drug laws, which is permitted
under 35 U.S.C. 8§ 271(e)(1). See Scripps Clinic &
Research Foundation v. Genentech, Inc., 666 F.Supp.
1379, 1395-96 (N.D.Cal.1987), aff'd in part and
modified in part on other grounds on
reconsideration, 678 F.Supp. 1429 (N.D.Cal.1988) (“
The statute's meaning is clear: the use of a patented
invention is protected so long as that use is solely for
purposes reasonably related to meeting the reporting
requirements of federal drug laws.” ).

Amgen relies on Heitz's testimony that he assumed
the information from the EPO stability studies was “
useful”  as it pertained to the Chugai commercial
production process. (Tr. 31, 109). However, Heitz
also testified that he had no knowledge as to whether
Chugai made any use of the DNA dability study
other than for submission to the FDA. (Tr. 31, 108).
In addition, Amgen points to the testimony of Dr.
Fritsch, who stated that the EPO stability data

collected by Gl was the “ kind of information anyone
would like to have,” and the fact that Dr. Fritsch's
letter transmitting the data to Dr. Tanaka made no
mention of the FDA and did not restrict the use of the
information in any way. (Tr. 31, 80, 82). However,
Dr. Fritsch testified further that the * whole purpose
of demonstrating stability was for the purposes of the
FDA.”  (Tr. 31, 82). Chugai stated that this
information was used only for the FDA (Response to
Amgen's Request for Admission No. 155), and
Amgen has introduced no evidenceto the contrary.

To support its claim of infringement, Amgen also
pointsto Chugai's response to Request for Admission
No. 56, which contains the following admission: “
Chugai admits that Gl transferred to Chugai, but did
not sell, asmall quantity of host cells transfected with
a cDNA sequence encoding EPO after October 27,
1987. These cells were used by Chugai in Japan for
experimental rather than commercial purposes.”
(Docket 286).

This claim of infringement is without merit for three
reasons. First, Amgen did not provide Chugai with
any notice in its pretrial statements or supplemental
interrogatory  responses that it was alleging
infringement based on the single host cell transfer,
thus precluding any opportunity for Chugai to present
evidence in defense. (Docket 238, p. 3 and Ex. A).
Second, Amgen has not met its burden of showing
that the host cells were manufactured or used in the
United States after the issuance of the '008 patent or
that the host cells were sold. Ecodyne Corp. v. Croll-
Reynolds Engin. Co., 491 F.Supp. 194, 197
(D.Conn.1979) (sale requires payment or promise of
payment). Third, Amgen has provided evidence only
of one single transfer of host cells and has not
demonstrated that this host cdl transfer is anything
other than a de minimus occurrence which does not
congtitute infringement. Fife Mfg. Co. v. Sanford
Engin. Co., 299 F.2d 223, 226 (7th Cir.1962).

*63 3. Willfulness.

Amgen argues that defendants are liable for willful
infringement because neither had an opinion of
counsd to rely upon before they began to infringe Dr.
Lin's claimed invention.

The court concludes that there was no willful, wanton
or deliberate infringement here because the validity
of the patent was open to honest doubt.
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Fird, Amgen filed four different applications
covering the subject matter of the '008 patent and had
its claimsrejected numerous times by the PTO before
the patent was finaly issued on October 27, 1987.
(DX 805).

Second, Gl obtained the ora opinion of inside and
outside counsd that the '008 patent was invalid
before beginning commercia production of EPO in
June, 1988 pursuant to an agreement with Boehringer
Mannheim, which had been entered into in 1986, for
shipment of rEPO to Europe. (Tr. 29, 89-91). The
written opinion from the outside firm was received
on July 25, 1988. (DX 820; Tr. 20, 131).

Finally, the PTO declared an interference between
the '258 application (representing Dr. Fritsch's work)
and the '008 patent. Although this court has ruled
against defendants on their anticipation defense, see
pp. 67-84 supra, the declaration of an interference
indicates that defendants defense was not frivol ous.
Moreover, both the“ obviousness’ and “ best mode’
defenses raised close factual and legal questions.

b. '195 Patent
A. Validity

Amgen raises five arguments to support its claim that
the '"195 patent is invalid, each of which is discussed
separately below. As discussed earlier with respect to
the '008 patent, see p. 67 supra, Amgen has the
burden of proving the patent is invalid by clear and
convincing evidence.

1. Anticipation Defense
a. Miyake et al. article.

Amgen argues that the product claims are invalid as
anticipated by Miyake et al. under 35 U.SC. §
102(b). Section 102(b) provides that a person shall be
entitled to a patent unless “ the invention was
patented or described in a printed publication in this
or a foreign country ..., more than one year prior to
the date of the application for patent in the United
States.”

It is settled that a party asserting that a patent claim is
anticipated must demonstrate, among other things,
identity of invention. Tyler Refrigeration v. Kysor
Indus. Corp., 777 F.2d 687, 689 (Fed.Cir.1985).
Identity of invention is a question of fact and the

chalenger must demonsrate it by clear and
convincing evidence. 1d. at 689-90. One who seeks
such a finding of anticipation must show that each
eement of the clam in issue is found, either
expressly described or under principles of inherency,
in a single prior art reference. Kalman v. Kimberly-
Clark Corp., 713 F.2d 760, 771 (Fed.Cir.1983), cert.
denied, 465 U.S. 1026 (1984).

Claim 1 of the '195 patent claims as the invention
homogeneous erythropoietin characterized by a
molecular weight of about 34,000 daltons on SDS
PAGE, movement as a sngle peak on reverse phase
high performance liquid chromatography and a
specific activity of at least 160,000 |U per absorbance
unit at 280 nanometers. Claim 4 includes the same
characteristics except states a specific activity of “ at
least about " (emphasis added) 160,000 IU/AU. The
two pharmaceuticad composition claims 3 and 6 refer
to the same characteristics. (See PX 500).

*64 The first eement in the clams is that
homogeneous EPO has a molecular weight of about
34,000 daltons on SDS-PAGE. Gl does not dispute
Amgen's argument that the Miyake article anticipates
this clamed characteristic of homogeneous EPO.
(Docket 391, p. 35). The Miyake article specifies a
molecular weight of 39,000 daltons, and Dr. Pierce
testified that “ about” 34,000 covers the range of
30,000 to 40,000. (Tr. 18, 127-128).

The second element in the claim is that homogeneous
EPO moves as a single peak on RP-HPLC. Amgen
concedes, as it must, that the Miyake article does not
expressly anticipate the claimed invention since RP-
HPLC did not even exist in 1977. However, Amgen
does claim that this characteristic of movement as a
single peak was an “ inherent property” of Fraction
Il derived from the hydroxylapatite (* HT” )
chromatography of EPO prepared by Miyake on June
30, 1976, which was reported to have a specific
activity of 128,620 IU/AU. (PX 528, Table V)

Amgen relies on a test conducted by Dr. Strickland
and witnessed by Dr. Pierce on June 23, 1989 on that
fraction which had been frozen in Dr. Goldwasser's
laboratory at the University of Chicago. Dr. Pierce
testified that 97.08% of the input materia in TS
Sample 4 moved as a “ single peak” , and the
chromatogram bears that out. (PX 837). No
representative of Gl was present at any of the
experiments. The court allowed the introduction of
evidence concerning those tests over defendants
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objection.

Only limited reliance on ex parte tests is warranted
because acts that are not observed or corroborated by
an opposing party may be entirdy self-serving. In Re
Newman, 782 F.2d 971, 974 (Fed.Cir.1986).

The court finds that Amgen has not demonstrated by
clear and convincing evidence that an inherent
property of Fraction Il is that it moved as a single
peak. First, the sample tested by Amgen was thirteen
years old, and had been stored in Dr. Goldwasser's
freezer. (PX 822; Goldwasser Dep.Tr. Val. Il 742).
Goldwasser's laboratory had freezer failures, and it is
unpredictable what the effect of those failures would
be. (Goldwasser Dep.Tr. Voal. |1 743).

Second, when Dr. Goldwasser prepared the sample
for shipment in 1989, he found some fibrous
materias which he removed by centrifugation before
sending it to Amgen. (PX 822, Ex. C). Dr. Hewick
testified that it was highly likely that EPO and non-
EPO proteins in the sample bound to those proteins,
and that removal of the fibers would have a larger
impact on quantifying the trace components than the
major component EPO. (Tr. 21, 100).

Third, the sample amount Dr. Strickland loaded onto
the column to do his runs was one-tenth the amount
loaded by Dr. Hewick on runs 4 and 5 of shipment 3.
(Tr. 21, 88). Loading such a small amount can result
in underrepresentation of minor contaminants on the
resulting chromatogram. (Tr. 21, 88-89).

Fourth, Dr. Strickland used a different gradient than
Dr. Hewick did during the run on Sample 4 upon
which Dr. Pierce based his opinion. (Tr. 18, 88-96).
Dr. Hewick testified that the change in the gradient
for TS Sample 4 resulted in the elongation of thetime
axis of the chromatogram, making it more difficult to
observe contaminants. (Tr. 21, 95-96; 19, 94-96). Dr.
Strickland testified that he changed the gradient
because he observed an ambiguous area at around 8
minutes which he thought was due to the large jump
in acetonitrile concentration, and he couldn't be sure
whether there were any contaminants or any other
peaks in that area because there was so much
discontinuity from the buffer change. (Tr. 14, 167).
Although the court does not doubt Dr. Strickland's
motives in changing the gradient, this gradient
change makes a comparison of Dr. Hewick's runs and
Dr. Strickland's much less clear.

*65 The court also finds it noteworthy that Dr. Pierce
was not shown the run on TS Sample 3 of HT
Fraction Il where Dr. Strickland used the same
gradient as that used by Dr. Hewick. (DX 870). Dr.
Hewick testified that the areas of contamination were
“ remarkably consistent” with the runs he had
performed. (Tr. 21, ??). Dr. Pierce conceded that
there was an “ absorbancy of possible significance’
from minute 7 /2 to minute 12 on Dr. Strickland's
chart of the TS Sample 3 run. (DX 869).

Accordingly, the court finds that Amgen has not
demonstrated by clear and convincing evidence based
on the 1989 ex parte tests tha Fraction 1l had the
inherent property of moving as a single peak on RP-
HPLC.

The third element in claim one is that homogeneous
EPO has a specific activity of at least 160,000
IU/AU. Table 1V of the Miyake article only describes
Fraction 11 as having a specific activity of 128,620
IU/AU. As the patent examiner noted, the
characteristic “ ‘ at least 160,000 ... patentably
distinguishes over the highest possible activity
reported by Miyake.” (PX 501-AC).

A more difficult analysis is required to determine
whether the Miyake article anticipates the element of
“ at least about ” 160,000 IU/AU in claim 4 because
the term “ about” is so ambiguous. However, since
the court has found that the single peak is not an
inherent characteristic of Fraction Il disclosed in the
Miyake article, that element of the claim need not be
anayzed here but will be analyzed under the defense
of indefiniteness. (See p. 154 infra).

b. Prior Use.

Pursuant to 35 U.S.C. 8§ 102(a), a person is entitled to
a patent unless the “ invention was known or used by
others in this country, or patented or described in a
printed publication in this or aforeign country, before
the invention thereof by the applicant for patent.”
The statutory language, “ known or used by othersin
this country” means knowledge or use which is
accessible to the public. Carella v. Sarlight Archery
& Pro Line Co., 804 F.2d 135, 139 (Fed.Cir.1986),
amended on rehearing, 1 U.SP.Q.2d 1209

(Fed.Cir.1986).

Amgen argues that Dr. Goldwasser sent out samples
of his pure 1976 UEPO preparations to researchers
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throughout the country, that these samples were “
known by researchers to be pure EPO,” and that the
“ samples were publicly used by the other researchers
from at least as early as January, 1978 up to the May,
1984 date of Dr. Hewick's ‘ discovery’ and beyond.”
(Docket 386, p. 88).

Amgen relies on two samples to support this
argument. Firgt, it points to HT Fraction 11l of the
Goldwasser preparation completed July 27, 1976.
There was no testimony about this Fraction Il in
court, and Amgen relies on exhibits and deposition
transcripts to show identity of invention. With respect
to the two chromatograms run on HT Fraction 111 in
July, 1987 and October, 1988, Dr. Goldwasser never
testified that they rose as a single peak and thereisno
evidence in the record from any of the experts to
provide this anaysis. (PX 646, 647; Goldwasser
Dep.Tr. Vol. 1l 43-44, 769-770). As the conflicting
testimony of Dr. Hewick and Dr. Pierce indicates,
two experts can disagree on the interpretation of
these chromatograms as to where the traces indicate
contamination, and the court does not have the
expertise to make this analysis on itsown.

*66 Dr. Goldwasser did testify that there was “ only
one peak” on the RP-HPLC chromatograph run in
February, 1982 on an EPO sample, called native EPO
(beta). (PX 645; Goldwasser Dep.Tr. Vadl. Il 778-
780). The court has certain concerns about this
testimony. First, Dr. Goldwasser had just received his
RP-HPLC equipment, and Amgen has not pointed to
any evidence in the record to establish his expertise
in reading chromatograms at that point in time.
(Goldwasser Dep.Tr. Vol. Il 779). Second, there was
no testimony as to the gradient used, the time ling,
the base line or the amount loaded onto the column
which al affect the way in which these
chromatograms are analyzed. The wavelength on the
exhibit PX 645 is 220 nm, but all the testimony in
court focused on wavelengths of 280 nm or 214 nm.
Indeed, the patent claims specify a wavelength of 280
nm. Further, it is not clear that Fraction Il was
|loaded onto the column, since the exhibit itsalf refers
to the native EPO beta, and Goldwasser's deposition
testimony indicates that this native EPO beta is a
different sample than HT 7/27/76 Fraction IlI.
(Goldwasser Dep.Tr. Vol. Il 778).

Finally, Kung testified that he subjected HT 7/27/76
Fraction 111 to reverse phase HPLC on July 21, 1987,
and that the sample after reverse phase had a specific
activity 2.6 times that of the origina EPO. (Kung

Dep.Tr. 51-52, 66). This testimony indicates that
prior to reverse phase, the sample was probably
contaminated. Amgen urges the court not to consider
this comparison because the “ specific activity of the
RP-HPLC input material was measured in vivo while
the output material was measured in in vitro ” ;
however, the transcript pages cited by Amgen in
support of this argument are confusing and do not
clearly demonstrate this, and the exhibit cited as PX
814 does nat exist. (Docket 390, p. 36 n. 4).

Thus, the court finds that Amgen has not established
an identity of invention with respect to that element
of the claim asserting movement as a single peak on
RP-HPLC.

With respect to the element claiming specific activity
of at leagt 160,000 IU/AU in claim one, Amgen
points to Dr. Miyake's deposition testimony that he
conducted a bioassay on Fraction Il and noted
specific activity values of 79,537 and 161,653.
(Miyake Dep.Tr. 126). The deposition transcript is
unclear as to whether these specific activity values
are in IU/AU or u/mg. Because of the “ lack of
reliability of bioassays,” Miyake had conducted two
such assays, and then took an average of the two
values, which came to an average specific activity of
120,595. (Id.). Evidence that one assay of Sample Il
indicaed a specific activity of 161,563, which
Miyake himself did not believe was a reliable data
point, does not constitute clear and convincing
evidence that Fraction |1l anticipated the element in
clam 1 of a specific activity of at least 160,000
IU/AU.

Moreover, as defendants point out, the “ EPO Sent
Out” lig indicates that the EPO sent on January 17,
1978 to Dr. Axdrod, “ HT 7-27-76 Fr 3" had a
specific activity of 78,000 1U/AU; the EPO sent to
Dr. Paul on December 21, 1981, “ HT 7-26-76 Fr 3,”
had a specific activity of 98,910 IU/AU; and the EPO
sent to Amgen on December 22, 1982, “ HT 7-26-76
Fr 3 Beta EPO,” indicated no specific activity value.
(PX 649; DX 358). This evidence further refutes
Amgen's claim based on Fraction 111 prepared on July
27, 1976 that the invention was known and used
before May, 1984.

*67 In support of its defense of prior use, Amgen
argues that HT Fraction Il of Dr. Goldwasser's July
26, 1976 UEPO preparation was also sent to
researchers around the country, including to Dr.
Golde in 1979 and 1980. This was the fraction
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sequenced by Dr. Hewick at Cal Tech in the fall of
1980. However, the “ EPO Sent Out” list indicates
that the specific activity of the samples sent to Golde
was 79,000 IU/AU. There is no evidence in the
record that this Fraction Il was uncontaminated and
moved as a single peak on RP-HPLC. The mere fact
that Hewick obtained n-terminal  sequence
information from this EPO does not indicate it was
pure since a partially contaminated sample can yidd
good sequence information even if there is a large
number of minor contaminants. (Tr. 15, 16-21; 37,
35-36). Moreover, Dr. Hewick testified that he did
not see a single peak on the chromatogram at Cal
Tech, but recollected a fairly high background and a
relatively small signal. (Tr. 16, 64-65).

c. Dr. Goldwasser's prior invention.

Pursuant to 35 U.S.C. 8 102(q), a person is entitled to
a paent unless “ before the applicant's invention
thereof the invention was made in this country by
anothe who had not abandoned, suppressed, or
concedled it.” Amgen argues that “ homogeneous’
EPO was made in Dr. Goldwasser's laboratory in
1976, and that this was a prior invention of the
subject matter in the '195 patent product claims.
However, Amgen has not shown by clear and
convincing evidence that Fraction Il or Il of the
Miyake Sample of June 30, 1976 was homogeneous.

The court will not address Amgen's arguments with
respect to the method claims 2 and 5 as these were
abandoned by Gl prior to trial.

2. Obviousness

Amgen contends that the '195 patent product claims
were “ obvious” under 35 U.S.C. § 103 at the time
the invention was made because in light of the prior
at in 1983, “ there existed every reasonable
expectation for success in using RP-HPLC for
purifying a partially purified EPO preparation which
had not previously been subjected to separation from
contaminants on the basis of hydrophobicity.”
(Docket 386, p. 92). The standards for determining
the obviousness or nonobviousness of an invention
are discussed supra at pages 84-87. Defendants
apparently do not dispute Amgen's contention that the
hypothetical person having ordinary skill in the
relevant art is a person with a PhD degree in protein
chemistry; with practical experience in the field of
protein purification, including the purification of
glycoproteins; familiar with standard purification

techniques and principles, including RP-HPLC; and
with an underganding of bioassays and specific
activity measurements of biological substances.

Amgen relies on various articles to support its clam
of obviousness. Firgt, it points to an article entitled “
A New Preparative Method for Isolation of Human
Erythropoietin -~ With  Hydrophobic  Interaction
Chromatography,” published by Sylvia Lee-Huang
in Blood in October, 1980. (PX 534). She reported “
[a] new preparative method for isolation of human
urinary  erythropoietin” using hydrophobic
interaction chromatography on “ crude urine and
urine concentrates from anemic patients ... without
prior manipulation.” (PX 534, p. 620). She reported
that the prior purification procedures of EPO such as
Miyake et al., which separated on the basis of
solubility, charge, size and adsorption, were not able
to separate EPO from urinary contaminants with
similar size, charge and carbohydrate content. (PX
534, p. 623). Her experimental results demonstrated “
excellent potential and genera applicability” of the
hydrophaobic interaction chromatography procedure
in purifying EPO on the basis of a “ different and
independent property, hydrophobicity.” (ld.). She
emphasized: “ It is especially well suited for initial
processing of crude starting materia. Urine
concentrates and unconcentrated urine samples can
be applied directly to the column without any prior
treatment.” (ld.). Although Dr. Huang's technique
did not involve high pressure columns, it made use of
the same hydrophobic interaction separation principle
as RP-HPLC.

*68 Amgen relies on six other articles and abstracts
to support its position that it was obvious in 1983 to
apply RP-HPL C to purify and separate glycoproteins,
including EPO. (PX 541, 540, 543, 544, 545, 546). It
also relies on the fact that Dr. Goldwasser applied
RP-HPLC to the EPO fractions prepared in 1976 and
in February, 1982 as soon as hereceived his first RP-
HPLC equipment.

Amgen has provided clear and convincing evidence
that in 1983 it was obvious to apply RP-HPLC to
separate and purify glycoproteins. However, it was
not obvious to apply RP-HPLC to EPO prepared by
the Miyake et al. procedures because the undisputed
evidence is that the scientific community believed
that materia to be pure already. (PX 545; see p. 55
supra). Although Dr. Goldwasser had used RP-HPLC
as an “ analytical step” beginning in 1982, Dr.
Goldwasser's laboratory did not use RP-HPLC as a
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fina purification step until 1987. (Kung Dep.Tr. 109-
12; Goldwasser Dep.Tr.Vol. Il 433-436; DX 385).
Indeed, it is noteworthy that Goldwasser used RP-
HPLC in 1982 on EPO prepared in 1976, and
interpreted the chromatogram as risng in a single
peak, see p. 139 supra. Apparently believing that the
Miyake et al. procedures adequately purified EPO, he
did not ingitute RP-HPLC in his laboratory until
1987. Amgen does not explain why RP-HPLC was
ingtituted in 1987, and the court can only infer that
Dr. Goldwasser concluded at that point that RP-
HPLC would further purify the EPO he had once
believed was already pure.

Dr. Pierce testified that it would be obvious to apply
RP-HPLC even to materia which had been reported
in the art as aready purified to apparent
homogeneity. He said: “ In this case with any
biologically active substance, biologically active
protein, particularly when no structural-significant
structural information was available at that time, it
would be absolutely ridiculous when a new technique
like that comes along not to apply it even to material
of apparent homogeneity.”  (Tr. 19, 21). This
testimony is not persuasive for the following reasons.
Fird, thereis no evidence that anyone in fact applied
RP-HPLC to further purify urinary EPO dready
purified by the Miyake et al. methods until May,
1984 when Dr. Hewick did it. Indeed, Dr. Strickland,
Amgen's scientist working on the purification of
UEPO, who was quite familiar with RP-HPLC, did
not use RP-HPLC in mid-1984 to further purify
UEPO which already had been purified according to a
modified Goldwasser procedure. (Tr. 14, 66-67).
Second, Dr. Pierce did not testify that it was obvious
to use RP-HPLC as a purification step when the
material was already thought pure, but rather as an
analytical tool concerning a protein about which there
was little significant structural information. Further,
thereisno evidence that an ordinary person skilled in
the art in 1984 would have read a chromaogram of
EPO subjected to the Miyake et al. procedures; would
have concluded, as did Dr. Hewick, that the EPO was
only partially pure; and then would have prepared
homogeneous EPO with the characteristics in claim
1

*69 The articles and abstracts that Amgen relies on
demonstrate attempts to apply RP-HPLC to purify
EPO from crude urinary starting materials which had
not been purified by the Miyake procedures. None of
the abstracts reports a specific activity higher than
Miyake's or purports to have purified EPO to

homogeneity. (Tr. 19, 120-121). For example, PX
546 showed a procedure for the purification of EPO
from the urine of patients suffering from certain
anemias using RP-HPLC as a step, which resulted in
specific activity of approximately 40,000 u/mg. PX
544 reported the “ rapid preparation of human urinary
erythropoietin - by high  performance liquid
chromatography,” using urine from a patient with
aplastic anemia, resulting in a specific activity of
only 16,800 u/mg.

Amgen has not demonstrated by clear and convincing
evidence that there was anything in the prior art to
suggest the desirability of applying RP-HPLC to
Miyake et al. EPO preparations, or that there was
anything in the prior art which would have made the
subject matter of the claimed invention-in particular,
the claim of specific activity of at least 160,000
IU/AU, and movement as a single peak on RP-
HPL C-obvious to a person skilled in the art in 1984.

3. Indefiniteness

35 U.S.C. 8§ 112 provides in relevant part: “ The
specification shall conclude with one or more claims
particularly pointing out and distinctly claiming the
subject matter which the applicant regards as his
invention.”

“ The statutory requirement of particularity and
distinctness in claims is met only when they clearly
distinguish what is claimed from what went before in
the art and clearly circumscribe what is foreclosed
from future enterprise” United Carbon Co. v.
Binney & Smith Co., 317 U.S. 228, 236 (1942). “ A
zone of uncertainty which enterprise and
experimentation may enter only at the risk of
infringement claims would discourage invention only
alittle less than unequivocal foreclosure of the field.”
Id.

A decision on whether a claim is invalid under this
provision requires a determination of whether those
skilled in the art would understand what is claimed
when the claim is read in light of specifications.
Seattle Box Co. v. Industrial Crating & Packing, 731
F.2d 818, 826 (Fed.Cir.1984). If the claims, read in
light of the specifications, reasonably apprise those
skilled in the art both of the utilization and scope of
the invention, and if the language is as precise as the
subject matter permits, the courts can demand no
more. Shatterproof Glass Corp. v. Libbey-Owens
Ford Co., 758 F.2d 613, 624 (Fed.Cir.1985).
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Claims are not rendered indefinite by the use of
relative terms so long as one of ordinary skill in the
art would understand what is claimed when the claim
isread in light of the specification. Seattle Box Co. v.
Industrial Crating & Packing, Inc., 731 F.2d at 826
(* substantidly equal to” ); Rosemount, Inc. v.
Beckman Ingruments, Inc., 727 F.2d 1540, 1547
(Fed.Cir.1984) (“ close proximity” ); In re Marosg,
710 F.2d 799, 802 (Fed.Cir.1983) (“ essentially free
of” ). But cf. United Carbon Co. v. Binney & Smith
Co., 317 U.S. at 234 (“ ... what on first impression
appears to be a reasonable certainty of dimension
disappears when we learn that * approximately one-
sixteenth of an inch in diameter’ includes a variation
from approximately 1/4 th to /100 th of aninch™ ).

*70 Amgen argues that the criteria for determining “
homogeneous’ EPO are vague. First, it contends that
the patent and prosecution record is silent as to what
rangeis covered by “ about” 34,000 daltonson SDS
PAGE. However, Amgen has not demonstrated that
this term is indefinite to those skilled in the art. Dr.
Pierce testified that in the context of the weight of a
glycoprotein measured on SDS-PAGE analysis, the
word “ about” would mean a range of values from
30,000 to 40,000 daltons on SDS-PAGE gd analysis.
(Tr. 18, 128; PX 812, p. 49). Amgen points out that
on Chugai's IND application, the molecular weight is
specified as 32,000 to 42,000. (PX 809, p. 1).
However, there is nothing in the record which shows
that the difference of 2,000 daltonsin the context of a
glycoprotein on SDS-PAGE analysisis material.

Next, Amgen argues that the term “ single peak” is
indefinite. However, Dr. Pierce testified that his
understanding of the characterizing factor
movement as a sngle peak on reverse-phase HPLC”
is“ that thetracing is primarily or essentially moving
as a symmetrica peak but there are shoulders or
inflections.” (Tr. 18, 129). He also described the
peak to the right of 30 minutes on Figure 1 of the
'195 patent asrisingasa*“ single peak.” (Tr. 18, 129-
130). Amgen itself used the term “ single peak” to
describe its own EPO in its literature. Amgen, 706

F.Supp. at 102.

Amgen argues that certain chromatograms in the
Chugai IND application “ clearly” are not made up
of single peaks, and indeed there appears to be a
second small peak immediately adjacent to the large
peak in these chromatograms. (PX 809, pp. 274-276).
However, Amgen points to no expert testimony

concerning these chromatograms, and therefore the
court does not find them to be clear and convincing
evidence of indefiniteness.

Third, Amgen argues that the characteristic of “ a
specific activity of at least 160,000 |U per absorbance
unit at 280 nanometers’ isindefinite in a number of
respects. Amgen points out that the patent is silent as
to how specific activity isto be measured: whether by
in vivo or in vitro assay. With respect to uEPO, Dr.
Hewick testified that since the procedures in the
patent are designed to eliminate desialation, “ there
should be good correspondence between the in vitro
and in vivoassay.” (Tr. 13, 28; PX 500, Cal. 7, 11.
53-56). The patent describes two kinds of in vitro
assays which can be used to quantify EPO. (Tr. 13,
28).

With respect to rEPO, Dr. Fritsch testified that the in
vivo and in vitro assays yielded nearly identica
results. (Tr. 24, 174). Although Amgen points to
some data which did not show identical results with
respect to in vivo and in vitro tests for rEPO (PX
791), Dr. Fritsch explained that the best data
comparing results from in vitro and in vivo assays
from five different production batches showed a one-
to-oneratio. (Tr. 30, 62-63).

Amgen argues that the assumption that thereis a one-
to-one correlation between in vitro and in vivo assay
data isincorrect and in fact the in vitro assay values
for UEPO are inherently higher than its in vivo assay
values. (AF 1091). Amgen relies on Chugai's IND
application which states: “ The in vivo specific
activity of the highly purified urinary EPO appears to
be approximately 65% that of recombinant EPO
while the in vitro specific activity (6.1.2.4.B) of
urinary EPO appears identical to recombinant EPO.”
(PX 811, p. 984). This document indicates that the
specific activity of highly purified uEPO differs
depending on whether it is measured by in vivo or in
vitro bioassays, and does seem to contradict Hewick's
testimony that it is immaterial whether the specific
activity of UEPO is measured by in vitro or in vivo
activity.

*71 Certainly, it is“ curious’ , to use Dr. Fritsch's
expression, that the patent did not specify whether the
claim covered 160,000 IU/AU specific activity as
measured by in vivo or in vitro bioassays. Although
the evidence establishes that there is a one-to-one
correspondence between the in vitro and in vivo
bioassays for rEPO, the IND application indicates a
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materia difference with respect to uEPO. However,
Dr. Fritsch, Dr. Hewick and Amgen's expert Dr.
Pierce all agreed that the bioactivity of EPO had to be
measured by in vivo testing because that is the only
valid way of assaying material that is proposed to be
used therapeutically. (Tr. 19, 11; 13, 29; 30, 70). In
light of the fact that all the experts testified that an in
Vivo activity measurement was ultimately required to
determine the specific activity, Amgen has not
produced clear and convincing evidence that this
element of the claim is indefinite to one of ordinary
skill in the art.

Finally, Amgen argues that the '195 clams are
indefinite with respect to the terms “ at least” and “
at least about” 160,000 IU/AU. However, Amgen
has not demonstrated that those skilled in the art do
not recognize a range of assay variability when
putting a value on a particular specific activity.
Indeed, the evidence is to the contrary.

Dr. Jaime Caro, a professor of medicine at Thomas
Jefferson University in Philadelphia, has over twenty
years of experience in conducting EPO bioassays by
in vivo and in vitro tests, and worked as a consultant
doing in vivo bicassays for Gl and Chuga. He
testified that the range of variation for in vivo specific
activity data for EPO “ could be up to 20 per cent.”
(Caro Dep.Tr. 29). Caro tedtified that the variability
is “ mostly due to the fact that this is a biological
assay that uses live animals as compared to chemical
assays. Animals vary; they range.” (Caro Dep.Tr.
23). When Caro reports the results of the in vivo
bioassay work to GI, he does not give a range of
variation for the particular sample assayed, but
instead cal culates amean. (Caro. Dep.Tr. 24).

Dr. Fritsch testified that the range of error for the in
vivo bioassays of rEPO was a little bit under 25%.
(Tr. 24, 176). He reported arange of 20 to 30 per cent
to the patent examiner in the summer of 1986. (Tr.
24, 177). Dr. Michael A. Recny, who was the head of
Gl's structural protein chemidtry lab and responsible
for the biochemical characterization of rEPO and
UEPOQ, tedtified that the generaly accepted standard
deviation for the in vivo biological assay is about 20
to 25 per cent. (Recny Dep.Tr. 28). He testified that
the same standard deviation applied to the in vitro
assay technique used by Krystal as disclosed in the
patent. (Recny Dep.Tr. 30; PX 500, Col. 7, 11. 53-
56).

Dr. Pierce, Amgen's own expert, testified that a

protein chemist or a person with ordinary skill in the
bioassay field, would | ook at a specific activity figure
and know that there would be a range of error. (Tr.
19, 159-160). Dr. Pierce aso testified that biological
activity in his experience is only one criterion of
purity and acriterion which isnot “ very rigid or very
desirable.” (Tr. 19, 162). He believed that
conducting a bioassay was*“ rather dicey,” and not of
much value unless a series of assays were conducted.
(Tr. 19, 117).

*72 Dr. Fritsch dso tetified about the difficulty in
developing a bioassay protocol to give reliable
specific activity dataat Gl. (Tr. 24, 172-173).

An in vivo bioassay in which EPO is injected into
living beings, like mice, looks at the incorporation of
iron into reticulocytes. (Tr. 24, 148). This
incorporation in a particular mouse is measured
against a standard measurement of activity. (Tr. 24,
147-148). Dr. Fritsch testified that there are three
kinds of data used in conducting bioassays. “ sample
data’ ; the“ best estimate of the true mean” ; and the
“ true mean.” (Tr. 24, 169-170). If a scienti¢ has a
protein which is put into a bioassay to measure the
specific activity, the resulting sample data will not
necessarily be the actual mean activity of that sasmple
because of the variation in bioassays conducted on
living animals. (Tr. 24, 171). The “ true mean”
would be the specific activity of EPO if a scientist
could measure it an infinite number of times. (Tr. 24,
158-159). “ The best estimate of the true mean”
would be the value that could be obtained based on
all theavailable data. (Tr. 24, 159).

A person of ordinary skill in the art would understand
the figures 70,400 u/mg and 82,720 IU/AU in the
Miyake article (PX 528) to be the best estimate of the
true mean potency of EPO. (Tr. 24, 168, 170).
Subsequent authors reported the specific activity of
EPO to be 70,400 u/mg, without indicating this figure
was a mean or that it carried a range of error. (PX
536, 531). An experienced scientist would not rely on
128,620 as a mean value because that was the
specific activity value for an individua sample within
a normal range of variation from the true mean. (Tr.
24, 169).

Gl has demondrated that those skilled in the art
would understand the specific activity value of
160,000 IU/AU in the '195 patent to refer to the best
estimate of the true mean potency of EPO. (Tr. 24,
170).
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The fact that Gl does not specify a range of error
does not render the clam to “ at least” 160,000
fatally indefinite. In its own product specification,
Amgen's EPO is described as greater than 160,000
units; this value is not identified as a mean and does
not provide a standard deviation or range of error.
(PX 525, Ex.C; DX 214).

Amgen relies on an internal document from Jeffrey
Browne, PhD, the head of Amgen's molecular cell
biology department, to the vice-president of Amgen's
exclusive licensee Ortho Pharmaceutical Corporation,
which reports an average specific activity value and a
range of error of 19 percent to support its argument
that a range of error should be specified. (DX 889).
However, that document was written expressly to
compare Gl's and Amgen's rHUEPO, and was nhot for
scientific publication. It points out that the
measurement of the in vivo biological activity is” far
from precise.” (DX 889). Amgen also relies on an
article published by its scientis which reports a
range of error in bioassays. (DX 323, p. 217).
However, other leading scientists, including Amgen's
own Dr. Strickland, have reported specific activity
values without reporting that range of error. (See PX
528, 531, 536; Tr. 14, 95-96). Accordingly, the
documents cited by Amgen do not refute by clear and
convincing evidence defendants' contention that a
person of ordinary skill in the art would understand
160,000 1U/AU to denote a mean value with arange
of error between twenty and thirty percent, the range
reported to the patent examiner.

*73 Whether the term “ at least about 160,000”
(emphasis added) is indefinite poses a much closer
guestion. Judge Y oung did not address this question
as Gl relied on evidence that the potency of Amgen's
EPO was greater than 160,000. Amgen, 706 F.Supp.
at 103. Thereis no dispute that biocassays provide an
imprecise form of measurement with arange of error.
Although GI has persuasively demonstrated that a
person of ordinary skill in the art would understand
160,000 to refer to a mean potency with a range of
error, the term “ about” 160,000 gives no hint as to
which mean value between the Miyake et al. value of
128,620 and the mean specific activity level of
160,000 constitutes infringement.

There is no evidence that Amgen, Gl or any of the
prior art references has used the term “ about” in
describing the potency of EPO. Rather, the scientific
literature either places a value on specific activity

which those of ordinary skill in the art understand to
be a mean with a certain range of error or it provides
a specific activity value specifying the range of error
in terms of percentages or specific values. Compare
PX 579, p. 809 and DX 323, p. 217 (citing specific
range of error values) with PX 536, p. 488 and PX
531, p. 3651 (citing only mean value). Chugai's own
documents reflect the difficulties created by the word
“ about.” On March 25, 1987, Chugai's International
Devel opment Department reported that Chugai's then
product current value for EPO was 138,000 IU/AU,
and then stated: “ Problematic Point: Based on
ambiguities of in vivo activity and glucoprotein (sc)
measurements, it is difficult to antici pate the impact.”
(PX 884).

The history of the patent application for the '195
patent sheds some light on the genesis of the word “
about” . On or about January 15, 1987, the patent
examiner did not alow the broader claim originaly
asserted by defendants of specific activity of “ at least
120,000" because of “ the disclosure in Miyake at p.
5561, Table 1V, fraction Il which shows a product
with a U/A of 128,620." (PX 518). On January 16,
1987, Patent Examiner Schain and attorney Eugene
Moroz had a telephone conference about the addition
of three claims which basically “ track the previously
allowed claims except for the presence of the word
about’ before the term * 160,000 1U per absorbance
unit at 280 nanometers” " (PX 501-AF). Chugai's
attorney, Eugene Moroz, explained the addition of
the word “ about” in the document entitled *“
Amendment under 37 CFR 1.312” submitted to the
PTO on February 10, 1987 as follows:

In the aforesaid January 16, 1987 telephone
conference, the Examiner indicated his willingness to
allow such claims on the foll owing bases:

(1) At page 15 of the specification, it is stated: “ The
EPO protein eluted by R-P HPLC is about twice as
pure as the material eluted from the hydroxylapatite
column (STEP E)” . The aforesaid disclosure is
supportive of the phrase “ about 160,000 IU per
absorbance unit at 280 nanometers.”

*74 (2) Further support for the aforesaid phrase is
found in the specification at pages 4 and 6 which
discloses a specific activity of at least 120,000 1U per
absorbance unit at 280 nanometers, and more
preferably 160,000 1U.

It is respectfully submitted that claims 27, 28 and 29
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presented herein, are supported by the teachings of
the specification, do not constitute new matter and
comprise subject matter to which applicant is duly
entitled.

(PX 501-AF).

However, Dr. Hewick testified that the area under the
EPO pesk was less than 50 percent of the total
proteins present in the sample as calculated by using
the technique of cutting and weighing the areas above
the baseline on the chromatograph; he concluded
from this that the specific activity of EPO would be
more than twice the 83,000 specific activity value
provided by Miyake. (Tr. 15, 175-177; Tr. 12, 77, 88;
PX 501-W, § 7; PX 501-T, § 6). The last minute
addition of the word “ about” seems to constitute an
effort to recapture as a clamed specific activity a
mean activity somewhere between 120,000, which
the patent examiner found was anticipated by the
prior art, and 160,000 |U/AU.

If theterm “ about” isintended to reflect the concept
that 160,000 IU/AU is a mean value with a range of
error, it is redundant with respect to claim one, as
explained by defendants. Unfortunately, neither of
the parties focused on the differences between what
clam one and four encompassed as the claimed
invention. Particularly in light of the inherent
imprecision in quantifying specific activity by
bioassay, the fact that “ at least 160,000" aready
reflects a range of error of between 20 and 30 percent
as recognized by the scientific community, that no
other scientific publication seems to use the word “
about” in reference to specific activity, and that
Chugal itself seemed unclear as to whether its
138,000 product value for EPO was encompassed by
the claimed invention, the court finds that there is
clear and convincing evidence that claim 4 and claim
6, which incorporates the claimed invention of claim
4 by reference, are indefinite and do not clearly
circumscribe what is foreclosed from future
enterprise. United Carbon Co. v. Binney & Smith Co.,
317 U.S. at 236.

4. Unenforceability

Amgen contends that the patent is rendered
permanently unenforceable because defendants
violated 37 C.F.R. 8§ 1.56 which imposes a duty of
candor and good faith on an inventor and each
attorney or agent who prepares or prosecutes a patent
application toward the PTO, and a duty to “ disclose

to the Office information they are aware of which is
materiad to the examination of the application.”
Section 1.56 further provides: “ Such information is
material where there is a substantial likelihood that a
reasonable examiner would consider it important in
deciding whether to allow the application to issue as

a patent.”

The essential elements in any proof of fraud or
inequitable conduct include intent and materiality.
Rohm & Haas Co. v. Owens-Corning Fiberglas
Corp., 196 U.SP.Q. 726, 743 (N.D.Ala1977). A
patent should not be held invalid or unenforceable for
less than an intentional misrepresentation to the
examiner, but for which the patent application would
not have been allowed. 1d. Materiality is not merely
relevance but rather is directed to facts which would
have or should have altered the examiner's decision
to allow the application. 1d.

*75 (a) Amgen argues that defendants failed to
disclose the inoperativeness of Example 2. However,
that was disclosed in the '195 patent. (PX 500, Coal. 8,
11. 43, 44).

(b) Amgen argues that defendants failed to disclose
that Example 2, dealing with purification of rEPO,
was deleted from the PCT application. However,
Amgen has provided no explanation as to why
omitting to tell the examiner of this deletion would
have affected his decision since the claimed invention
in the PCT application was the same. If anything, one
could argue that the deletion of Example 2 from the
patent application would have constituted an
omission of a materia fact. The admission of failure
in purifying rEPO was a reflection of candor, not
duplicity.

(c) Amgen criticizes Gl for not revealing that Miyake
et al. discloses a UEPO product having a specific
activity of 128,620 u/AU. Amgen correctly points out
that this is material since Gl's clams, as initidly
worded, contained a specific activity limitation of “ at
least 120,000" u/AU, and since the patent examiner
found this claim invalid as anticipated by the 128,620
specific activity value in Miyake et al. Dr. Hewick
knew of this specific activity value. (Tr. 12, 7-8).

The court finds that Amgen has not met its heavy
burden of showing by clear, unequivocal and
convincing evidence any fraud or inequitable
conduct. Kangaroos U.SA., Inc. v. Caldor, Inc., 778
F.2d 1571, 1576 (Fed.Cir.1985). First, Gl did bring
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the Miyake article to the patent examiner's attention,
even if it did not specifically point out the 128,620
specific activity figure in Table IV. Second, the
Miyake paper itself reports a mean potency of 82,720
IU/AU for two of the fragments of EPO purified by
the seven-step procedure, and the introductory
abstract discusses a potency of 70,400 u/mg. (PX
528, pp. 5558 and 5562). Although, Miyake et al.
does refer to the specific activity value of 70,400
u/mg as a “ minima potency” in the discussion
section of the article (PX 528, p. 5563), other
scientists of ordinary skill in the art similarly
interpreted the Miyake article as reporting a 70,400
u/mg potency value for EPO, and did not mention the
128,620 figure. (See, eg., PX 531, 536; Tr. 14, 95).
As Dr. Fritsch testified, one with ordinary skill in the
art might have fairly interpreted the 128,620 figure as
a single sampl e data point, rather than a best estimate
of the potency of EPO. (Tr. 24, 169-170). Thus,
although it would have been preferable to have
highlighted the 128,620 figure to the patent examiner,
Dr. Hewick did not engage in inequitable or
fraudulent conduct in failing to do so.

(d) Amgen argues that Gl failed to disclose that the
range of assay variations was plus or minus 20-30
percent, but the record refutes this claim. Dr. Fritsch
told the patent examiner that bicassays had a
reasonably high standard of error relative to other
physical types of measurements, and that the standard
error was in the range of 20 to 30 percent. (Tr. 24,
88-89, 173-177).

*76 (€) Amgen points out that the examiner was not
aware of the public distribution of Dr. Goldwasser's
UEPO in the 1978-1983 time period. However,
Amgen has not provided clear and convincing
evidence that this uEPO was homogeneous, and
therefore this omission is not material. (See pp. 133-
142 supra).

(f) Amgen argues that Gl engaged in a“ blatant and
knowing misrepresentation” of materia facts by
failing to disclose that the actual assay data for uUEPO
or for rEPO available to Gl in November, 1986 did
not support the claims to “ homogeneous’” EPO
having a specific activity of at least 160,000 |U/AU.
On November 6, 1986, the patent examiner asked for
“ [an explanation of just how the Hewick data
supports [all pending] claims 21-24" in order “ to
evaluate the declaration under 37 CFR 1.131." (PX
501-AB). On November 11, 1986, Eugene Moroz
submitted a “ record of interview” which described

the interview with the patent examiner that took place
on October 31, 1986. 9PX 501-Z). During the
interview, Dr. Fritsch and counsel discussed the
Kirin-Amgen patent applicaion and whether the
Hewick Declaration established a date of invention
earlier than Kirin-Amgen's earliest date of disclosure
(November 30, 1984), the Lee-Huang patent
application, and another Gl patent application. The
patent examiner suggested that the applicant “
annotate” the ealier Fritsch and Hewick
Declarations. (PX 501-2).

Hewick submitted a supplemental declaration which
explained how he calculated the actual specific
activity of EPO. In thisdeclaration, he aso stated that
he reached his conclusions prior to November 30,
1984. (PX 501-W). The earlier declaration had not
explained how these calculations were done. (PX
501-T). The examiner did not request bioassay
information, and there is no information in the record
that Gl misrepresented the existence or values of
existing bioassay information.

The harder question is whether Gl failed to disclose
materia information regardless of whether or not the
patent examiner actually asked for it. Amgen argues
tha Gl should have disclosed certain information
submitted on November 5, 1986 by Chugai in an IND
application to the FDA that Gl had purified uEPO by
applying RP-HPLC to a partially purified product and
had reported an in vivo specific activity of 109,000
plus or minus 28,000 IU/AU (PX 811, pp. 978, 985).
Docket 386, p. 102).

The datain the IND application is not so clear-cut. It
discloses that the average in vitro specific activity of
UEPO is 218,000 plus or minus 21,000 units/mg;
divided by the extinction coefficient of 1.31, this
average value amounts to approximatey 166,412
IU/AU. (PX 811, p. 983). It aso reports the average
in vivo specific activity of human urinary EPO as
143,000 plus or minus 37,000 units/mg; this average
value amounts to approximately 109,000 after
dividing by the extinction coefficient. Chugai
explained:

The in vivo specific activity of the highly purified
urinary EPO appears to be approximately 65% that of
recombinant EPO while the in vitro specific activity
(6.1.2.4.B) of urinary EPO appears identical to
recombinant EPO. This implies that the urinary
protein is capable of eliciting the same biological
effect on responsive cdls but it may be inactivated or
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cleared more rapidly than recombinant EPO when
injected into a living animal. It iswell known that the
in vivo biological activity of glycoproteins is affected
by the extent to which the carbohydrate chains are
capped with sialic acid. Proteins containing uncapped
chains are much more rapidly cleared from the
bloodstream than fully sialated glycoproteins and
therefore have reduced activity. Since urinary EPO is
purified from much cruder starting material than
recombinant EPO, it is probable that urinary EPO is
more exposed to the neuraminidase enzymes which
can desialate glycoproteins. This may well explain
the reduced in vivo activity of the urinary EPO.

*77 (PX 811, p. 984).

On June 15, 1987, Chugai reported to the FDA that
rEPO displayed an in vivo specific activity greater
than 200,000 units/mg polypeptide, in contrast to the
132,000 units/mg in vivo specific activity for uEPO.
(PX 812, p. 1051). Chugai again noted it was not
surprising to observe that rEPO is of higher in vivo
specific activity than uEPO because “ EPO purified
from pooled urine has been excreted through the
kidney and therefore exposed to a variety of enzymes
that could conceivably degrade the native protein and
affect itsin vivo efficacy.” (PX 812, p. 1052).

This is a most troublesome point. All the experts
agree that the claims in the patent to a specific
activity of 160,000 1U/AU should be measured by the
in vivo method. Yet, there is evidence in the IND
application that the in vivo tests for uEPO in
November, 1986 yielded results of 109,000 IU/AU.
The in vitro tests of uEPO, and the in vitro and in
vivo tests of rEPO, yielded results over 160,000
IU/AU.

The issue is even further confused by the fact that
Amgen's own scientists conducted in vivo and in vitro
tests and a RIA, which measures immunoreactivity,
to compare rEPO and UEPO and concluded: “ These
experiments indicate that the human urinary and
recombinant EPO are indistinguishable in the
parameters of biological and immunological
reactivity that can be measured by these assay
systems.” (DX 323, pp. 217-218).

Unfortunately, Amgen has not pointed the court to
any testimony which would clear up the confusion
from the conflicting evidence in the record, and
therefore has not provided clear and convincing
evidence that there is a substantial likelihood that the

failure to disclose the in vivo test results of UEPO in
the IND application would have affected the patent
examiner's decision to issue the patent.

(@) Amgen dso argues that Dr. Hewick failed to
disclose certain computations which showed a higher
calculated value for the specific activity of EPO. (PX
515). However, these calculations were made by Dr.
Fritsch, and Dr. Hewick neither saw them nor recalls
discussing them. (Tr. 12, 95). Moreover, since the
values were higher than 160,000, Amgen has not
demonstrated why there is a substantial likelihood
that the calculations would have affected the patent
examiner's decision-making.

(h) Amgen argues that Gl improperly failed to
disclose that actual bicassay data available in
November, 1986 showed in vivo specific activity
levels less than 160,000 IU/AU. Amgen relies on
certain specific activity data generated in June, 1986,
which indicate that the mean specific in vivo activity
of rEPO was less than 160,000 in four out of seven
samples. (PX 778). Other data from early 1986
indicate similar results. (PX 786; Tr. 30, 56).
However, Amgen has failed to demonstrate any
fraudulent intent or inequitable behavior since Dr.
Fritsch testified that when he became directly
involved in the project as of October, 1986, at the
time Gl's documentation was sent to Chugai, Gl
looked at the sum of all the data with respect to in
vitro and in vivo analysis and found specific activity
values over 160,000 IU/AU. (Tr. 30, 60).

*78 Amgen also points out that Chugai determined
that the potency value of its rEPO was 138,000
IU/AU in areport to the FDA. (PX 809, p. 212). On
June 5, 1987, Chugai submitted IND application
documents to the FDA which reported: “ The mean
potency value resulting from this computation was
180 x 10 [to the third power] IU/mg EPOCH
polypeptide.” (PX 809, p. 206). However, Fritsch
had never seen this report or heard of those values.
(Tr. 30, 50-51). These values were sent to the FDA
just three weeks before the patent issued on June 30,
1987. Dr. Fritsch testified he could not discuss the
Chugal data because in the past Chugai had used a
different method for estimating protein concentration
which gave lower specific activity figures, and he did
not know which form of protein concentration
measurement was used to generate the specific
activity valuesin PX 809. (Tr. 30, 51-52).

Moreover, Amgen's reliance on this submission is
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undercut by Chugai's FDA submission ten days later
reporting specific activity levels higher than 160,000
by both Gl and Chugai. (PX 812, pp. 95-97). In any
event, even if the 138,000 1U/AU potency value were
materia, there is no evidence that Dr. Hewick, or
indeed anyone at Gl, had seen Chugai's specific
activity value of 138,000 IU/AU intimeto report it to
the patent examiner; therefore, Amgen has failed to
meet its burden of proof on intent.

(i) Amgen argues that Gl should have disclosed that
rEPO could be purified to 90 per cent purity without
the use of RP-HPLC. On November 25, 1985, certain
Gl scientists, excluding Dr. Hewick, used procedures
different from Miyake to purify rEPO, and then used
RP-HPLC to analyze the purity. The chromatograms
showed that the purified rEPO rose as a single peak.
(PX 760; Tr. 13, 45). However, the fact that EPO
could be partially purified without RP-HPLC does
not refute the statement in the patent that it is “
essential” to treat purified EPO compositions by RP-
HPLC in order to obtain homogeneous EPO protein.
(PX 500, Col. 2, 11. 49-52). Amgen has introduced
no testimony that those skilled in the art would
consider a 90% pure composition to be “
homogeneous,” and has not introduced any
testimony that there is a substantial likelihood that
this information would have affected the patent
examiner's decision.

(j) Amgen argues that Chugai's attorney, Mr. Moroz,
knew or should have known that he was
mischaracterizing the Parsons et al. reference.
However, that reference was equally available to the
patent examiner.

(k) Amgen asserts that Gl engaged in inequitable
conduct by failing to disclose miscelaneous facts.
Amgen has failed to adequately brief or document
this catchall clam. As a preliminary matter, the
record is devoid of any evidence that would establish
deliberate knowing withholdings of any kind by Dr.
Hewick or Gl. Dr. Hewick was a credible witness
who spoke carefully and candidly about his work.
Even Amgen's own expert, John Wall, conceded that
Dr. Hewick was an expert in the field of protein
chemistry whose analysis he was prepared to rely on.
(Tr. 37, 44). Moreover, even if Dr. Pierce's analysis
were better than Dr. Hewick's with respect to a
particular assumption or conclusion, at most the
differences in analysis represented disagreements
between two men of ordinary, indeed extraordinary,
skill in the art, not fraudulent conduct. There is no

evidence that Dr. Hewick withheld any information
he believed was material to the patent examiner. The
court now deals with the specific facts which Amgen
claims were misrepresented.

*79 i. Amgen argues that the procedures used by Dr.
Miyake and his assistant, Dr. Shimizu, to purify the
shipments of EPO to Gl in 1984 differed in
significant ways from the procedures used in Dr.
Goldwasser's laboratory in 1976.

With respect to the second shipment, Dr. Shimizu
believed that the purification procedures were *“
slightly different” and there was “ contamination
with other proteins and desialylation of EPO.” (PX
588, p. 47). Dr. Hewick confirmed that the sample
was unrepresentative. He conducted an SDS-PAGE
analysis and ran reverse phase chromatograms, and
saw that the results were not only inconsistent with
shipment one and “ atypical,” but aso that the
patterns were “ too complex.” (Tr. 15, 154-55). Dr.
Hewick felt it wasa*“ very dirty prep.” (Tr. 15, 154).
There were more bands spread over a wide molecular
weight range on SDS gels, and there was a complex
pattern of peaks and zones on the 280 and 214
absorbance traces. (Tr. 15, 154).

Therefore, Amgen has not presented clear and
convincing evidence that the contamination in
shipment 2 supports its argument that the differences
in the purification procedures used by Miyake in
1976 and 1984 created a contaminated EPO in
shipments 1, 3, and 4. Even if Amgen's analysis were
correct, it has not demonstrated that Hewick made
any material misrepresentations or omissions to the
patent examiner.

ii. Amgen argues that Gl failed to disclose material
facts about the specific activity data for the uEPO in
shipment three. In particular, Dr. Ferce, Amgen's
expert, attacked the mean value of 83,005 IU/AU
computed by Dr. Miyake from 15 data points, since
the three values which were averaged-112,740,
87,671, and 48,604 IU/AU-were “ so divergent that
you cannot get meaningful information by a simple
averaging.” (Tr. 12, 74-75; 18, 119). Dr. Pierce also
testified that only the 112,740 value fell along the
range of the standard curve. (Tr. 18, 120). However,
Dr. Miyake had been calculating specific activity
values for EPO for at least eight years, and in fact,
the average value of 83,005 IU/AU is consistent with
the values reported in the Miyake et al. paper. Dr.
Pierce's testimony does not provide clear and
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convincing evidence that Dr. Hewick was acting
unreasonably in relying on Miyake's reputed average
specific activity level.

Amgen also criticizes Dr. Hewick for not reporting
that he assumed the assay was “ in vitro ” only.
However, Dr. Hewick believed there was a good
correspondence between the in vitro and in vivo
specific activity values of UEPO. (Tr. 13, 28). Thisis
corroborated by the fact he assumed the UEPO he put
into the chromatographic column was sialated so that
the in vivo and in vitro values would be the same. (Tr.
12, 34). If the uEPO were desialated, the liver would
destroy the hormone and the molecule would not be
able to stimulate red blood cell production. (Tr. 12,
34). Although data subsequently developed by
Chuga cast doubt on this assumption, see pp. 149-
150 supra, thereis no clear evidence that Dr. Hewick
failed to disclose information he knew to be material.
Even if his assumption turned out to be incorrect,
Amgen has not provided clear and convincing
evidence that the in vivo values specifically would
have been so different as to have undermined Dr.
Hewick's conclusions, particularly since the Miyake
et al. article reported a mean value of 70,400 u/mg by
in vivo biocassay (the fasted rat method). (PX 528, pp.
5558, 5563).

*80 iii. Although Amgen concedes that Dr. Hewick
discovered some contamination in the 1984 uEPO
materiasreceived from Dr. Miyake, it argues that Dr.
Hewick could not reasonably assume that his
observations with respect to the 1984 materials were
equally applicable to the materials made in Dr.
Goldwasser's laboratory in 1976 and published in the
1977 Miyake et al. paper because there were
substantial differences in the procedures used by Dr.
Miyake in 1984 and the 1976 procedures used in Dr.
Goldwasser'slaboratory. (AF 1120-1121).

Amgen points to the following differences. In 1976,
Dr. Miyake used phenol treatment to deactivate the
natural enzymes which attack UEPO and cause it to
lose potency, but in 1984, he instead used heat
treatment. This change in procedures was reported in
the '195 patent. In addition, Dr. Miyake used DEAE
cellulose in 1984, but DEAE agarose in 1976.
However, Dr. Miyake testified changes in the heat
treatment from 1976 to 1984 made no difference.
(Miyake Dep. Tr. 343-44). Miyake specifically
informed Dr. Hewick that the substitution of heat for
the phenol treatment and DEAE cellulose for agarose
made no difference in the resulting purity. (Tr. 11,

42). Miyake confirmed with Dr. Fritsch that the heat
treatment substitution made no difference. (Tr. 24,
154-155).

Also, Dr. Hewick testified that he had personaly
used DEAE agarose and cellulose, and there are no “
rea functional differences’ between the two
techniques. (Tr. 15, 152). Dr. Pierce had no persona
experience using any of these Miyake procedures on
EPO or on any other glycoprotein. (Tr. 19, 150).
Moreover, at a deposition in June, 1989, Dr. Pierce
stated he had not reached any conclusion as to
whether there was any significance to using heat
treatment rather than phenol treatment, even though
at trial he said he had reached a conclusion based on
his own experience with other glycoproteins and his
review of the literature. (Tr. 19, 152-153). In light of
his dearth of personal experience with the Miyake
purification procedures on EPO and his changed
testimony on the subject, Pierce's testimony is not
clear and convincing evidence that the differences in
procedures were material. (Tr. 19, 155-156).

Moreover, even if these differences were materid,
thereisno indication Dr. Hewick knew this and made
mi srepresentations to the examiner.

Amgen also points to the fact that ingead of using
calcium chloride as the salt solution, Dr. Miyake
substituted sodium chloride; that Miyake changed the
salt concentration of the eluting buffers in the DEAE
purification step; and that Dr. Miyake did not use
lithium chloride in the ethanol fractionation
purification step, as had been done in 1976. Dr.
Pierce tetified that these changes could affect the
purity of the EPO composition. (Tr. 18, 78-82).
However, the differences in procedures were derived
from the notebooks of Dr. Miyake, and Amgen has
pointed to no evidence that Dr. Hewick knew about
these differences. (Tr. 18, 72-84). Therefore, there is
no evidence of a misrepresentation. Moreover, Dr.
Pierce did not testify about the extent to which the
changes would affect the purity, and therefore his
testimony does not provide clear and convincing
evidence that any resulting decrease in purity was
material.

*81 iv. Amgen argues that the purification
procedures which resulted in Miyake shipment 1
were spread over an inordinately long time. However,
there was no expert testimony that this time span
made a difference. Indeed, the chromatograms and
SDS-gels on shipments 3 and 4, upon which Dr.
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Hewick relied, were consistent with those done on
shipment 1. Therefore, there is no clear and
convincing evidence that the time span was material.

v. Amgen argues that the actual data obtained from
the 1976 and 1984 preparations shows they were
different. (AF 1122). However, Dr. Miyake's own
gels on the 1984 materid s showed a single band, just
as reported in the Miyake article. (Tr. 24, 153-154).
Dr. Hewick was using a different gel system from Dr.
Miyake, and a ten-fold more sensitive staining
procedure than Dr. Miyake. (Tr. 15, 74; 11, 62).
Therefore, the fact that one gel system showed
multiple bands and another only one band reflects a
difference in the sensitivity of the gel system, not an
indication that the composition of the materials was
different. (Tr. 11, 62). Moreover, the 128,620 specific
activity value could reasonably have been considered
one data point, not a mean value, see p. 153 supra,
and the ex parte test on the June 30, 1976 material
does not provide clear and convincing evidence that
the 1976 material was pure. (See pp. 135-37 supra ).

vi. Amgen argues that Dr. Hewick could not
reasonably assume that al of the material under the
EPO peaks of the chromatograms was EPO and that
al of the material under the non-EPO peaks was not
EPO. However, Dr. Hewick conducted n-terminal
seguence analysis on shipments one and three which
confirmed his conclusions. (Tr. 15, 110-123, 169-
171). To support its position that the EPO peak
included non-EPO moalecules and the non-EPO peak
included EPO molecules, Amgen relies on SDS
PAGE gels about which there has been no expert
testimony.™° (AF 1081-82). Therefore, there is no
clear and convincing evidence that Dr. Hewick's
assumptions  were incorrect as to  which
chromatogram areas reflected EPO and which
reflected non-EPO.

vii. Amgen further argues that Dr. Hewick could not
reasonably correlate the amount of absorbance or
peak area with the amount of protein present because
the peaks only reflect the proportionate absorbance of
ultraviolet light. (AF 1125). Dr. Pierce testified: “
You cannot equate the amount of absorption under a
peak with the weight or mass of material that is
there” (Tr. 18, 125). Dr. Hewick testified that the
trace at the wavelength of 280 gives a“ relative idea
of how much thereis,” but the comparative amounts
depend on the extinction coefficient of the proteins-*
some proteins may have a higher amount of
tryptophan or tyrosine in them, so they will absorb

more for the actual mass of protein than, say, another
protein that has, say, fewer numbers of tyrosine or
tryptophan.”  (Tr. 11, 76). However, Dr. Hewick
testified that in a complicated mixture a trace will
reflect a relative amount of one protein compared to
another. (Tr. 11, 76). Moreover, he testified that the
fact that the tracing does not reveal the relative mass
of the protein but only the reative absorbance is “
irrdevant in terms of computing from those
chromatograms what the specific activity of EPO is
since it's described in terms of absorbance units of
protein.” (Tr. 11, 81). Amgen has not provided clear
and convincing evidence that Dr. Hewick's testimony
iswrong.

*82 viii. Amgen argues that Dr. Hewick failed to take
into account “ differentia hangup.” Dr. Pierce
testified that EPO could have been preferentidly
hungup on the column which would affect the
chromatogram. (Tr. 19, 6-7). However, Dr. Pierce
conceded that neither he nor anyone else had any data
on what percentage of EPO absorbance units came
through this column. (Tr. 19, 6). Dr. Hewick testified
that he ran blank gradients on the reverse phase after
he conducted the runs on the Miyake materials and he
did not see any “ ghost peaks’ which would indicate
differential hangup. (Tr. 21, 83-85). Moreover, he did
multiple injections of the samples with differing
amounts and saw a proportiond increase in all parts
of the chromatogram, which indicated no differential
hangup. (Tr. 21, 85). Accordingly, there is no
evidence that differential hangup affected Dr.
Hewick's cal culation of specific activity.

ix. Amgen challenges Dr. Hewick's method of
calculating specific activity by measuring the area
under the peak. However, as even Dr. Strickland,
Amgen's scientist, conceded, Dr. Hewick's cutting
and weighing of the areas above the baseline on the
chromatographs is a well-recognized technique for
examining specific activity. (Tr. 15, 175-176; 14,
153-154). Dr. Goldwasser's testimony to the contrary
is too ambiguous and conclusory to be persuasive.
(Goldwasser Dep. Tr.Vol. Il 772-774, 803). The
court already has rejected Amgen's argument that Dr.
Hewick improperly relied on the specific activity of
83,005 for shipment 3, and as to why he refused to
rely on the 112,740 specific activity value from
shipment 2. Amgen argues that Hewick should have
relied on the mean in vitro specific activity value of
148,000 1U/AU for shipment four. However, it points
to no testimony from Dr. Hewick or any expert as to
whether this specific activity value casts doubt on Dr.
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Hewick's conclusion as to the purity of shipment 4.
Moreover, this specific activity value was not
generated until July, 1985, after the patent application
was filed, and Dr. Hewick had never seen Miyake's
reported data until his testimony at trial. (Tr. 13, 9).
(PX 672).

5. Enablement

Pursuant to 35 U.S.C. 8§ 112, the patent specification
“ shall contain a written description of the invention,
and of the manner and process of making and using
it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it
pertains, or with which it is most nearly connected, to
make and use the same.”

That some experimentation may be necessary in
order to practice the invention does not render an
application non-enabling under § 112 so long as the
amount of experimentation is not unduly extensive.
Phillips Petroleum Co. v. U.S. Sed Corp., 673
F.Supp. 1278, 1291 (D.D€l.1987), aff'd, 865 F.2d
1247 (Fed.Cir.1989). Whether an application is
sufficiently enabling is to be determined as of its
filing date rather than as of the date of trial. Id. Thus,
post-filing developments in the art are irrdevant to
the enablement inquiry. Id. The critical inquiry is
whether at the time the application was filed, the
application contained a description sufficient to
enable one skilled in the art to practi ce the invention.
Id.

*83 Here, the claimed invention is homogeneous
erythropoietin with certain characteristics. Amgen
has failed to establish by clear and convincing
evidence that the specification fails to enable one
skilled in the art to obtain a pure EPO composition
with these characteristics.

Firg, Amgen contends that the patent does not enable
one skilled in the art to obtain UEPO meeting the
claims 160,000 1U/AU specific activity test for “
homogeneous’ EPO. Amgen relies primarily on
specific activity data for natural EPO submitted to the
FDA by Chuga and data reported by Dr. Kawakita.
With respect to Dr. Kawakita's data, Amgen points
out that the RP-HPLC was applied to partialy
purified UEPO, and an in vivo specific activity level
of only 101,000 IU/AU was obtained. (PX 721, p.
11). Amgen stresses that the 188,000 1U/AU specific
activity was ?? only by using an additiona step “
Superose 12"  However, it appears from Dr.

Kawakitas table demonstrating the specific activity
resulting from his purification steps, that the specific
activity of the uEPO put on the RP-HPLC column
was only 22,200. (PX 721, p. 11). The '195 patent
teaches that a “ purified” EPO composition *“
preferably having a specific EPO activity of at |east
about 50,000, preferably at least about to 80,000 U
per absorbance unit at 280 nm” should be obtained
before application of RP-HPLC. (PX 500, Cal. 3, 11.
7-12). The fact that Dr. Kawakita's use of RP-HPLC
did not result in pure EPO is therefore not clear and
convincing evidence of hon-enabl ement.

With respect to the data submitted to the FDA which
show specific activity levels below 160,000 1U/AU,
Amgen has provided no evidence to indicate that
those samples were prepared by the Miyake et al.
procedures or their equivalent, and that the materials
applied to the HPLC column had a specific activity of
at least 50,000 IU/AU as taught by the patent. (PX
811, p. 978).

Using the procedures taught by the '195 patent, Kung,
one of the co-authors of the Miyake et al. paper and a
colleague of Dr. Goldwasser, Amgen's consultant,
used RP-HPLC on uEPO prepared by the Miyake
procedures and obtained homogeneous EPO; also,
Dr. Goldwasser's laboratory in 1987 adopted RP-
HPLC as a final step in the purification procedures
for UEPO. Amgen never addressed these two strong
pieces of evidence cited by Gl in support of
enablement.

A more troubling argument is that the '195 patent
fails to enable the purification of rEPO. It is
undisputed that Gl tried and failed to purify rEPO
using RP-HPLC, and this failed experiment is
discosed in Example 2 of the patent. Indeed,
although Amgen had at one point considered using
RP-HPLC to purify rEPO, it ultimately used a
related, but not identical, purification technique of
reverse phase hydrophobic chromatography.

From a legd point of view, a patent is valid if it
enables a person of ordinary skill in the art to make
the invention. Here, the '195 patent enables a person
of ordinary skill in the art to obtain homogeneous
EPO from natural sources. At the time of thefiling of
the '195 application, those of ordinary skill in the art
had not yet successfully developed a method of
purifying EPO from recombinant sources. The fact
that different methods for obtaining homogeneous
EPO by purifying rEPO were subsequently
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developed does not make the '195 patent
specifications non-enabling. It is well-established that
a state of the art coming into existence after the filing
date of an application cannot be used in determining
enablement under 35 U.S.C. § 112. In re Hogan, 559
F.2d 595, 605 (C.C.P.A.1977) (where an application
enabled those skilled in the art in 1953 to make and
use a “ solid polymer” and disclosed the only way
then known to make such a polymer in crystalline
form, the claim was not invalid as non-enabling as to
solid polymers in amorphous form which did not
exist until 1962). With respect to this firm precedent
against use of a later state of the art in determining
enablement, there is no distinction between
mechanical or electrica fields of invention where
there is a high level of predictability, and fidds of
invention invalving a lower level of predictability in
chemical reactions and physiological activity. 1d. at
606. See also Phillips Petroleum Co. v. U.S Sesl
Corp., 673 F.Supp. at 1292 (“ A patent applicant is
not required, however, to predict every possible
variation, improvement or commercial embodiment
of hisinvention.” ). Cf. Scripps Clinic & Research
Foundation v. Genentech, Inc., 666 F.Supp. at 1390-
95 (where Factor VII1:C, an agent essential to blood
clotting, was purified from human or porcine plasma
in 1982 and was subsequently manufactured through
recombinant techniques in 1984, the recombinant
product “ having the same materia structural and
functional characterigics as the plasma-derived
preparation,” was found to be an infringement of the
patent covering the natura product).

*84 Amgen argues that the uEPO is a different
product than the rEPO. It relies on the data generated
by defendants that the in vivo specific activity of the
highly purified urinary EPO appeared to be
approximately 65% that of recombinant EPO because
of the degradation of EPO purified from pooled urine
which has been excreted through the kidney. (PX
811, p. 984; PX 812, p. 36). Amgen also points to
testimony by Dr. Hewick that the use of RP-HPLC
on rEPO in Example 2 of the '195 patent did not work
because the level of expression of the rEPO probably
was not high and the EPO was contaminated with a*
different set of ... proteing” i.e, CHO or COS
proteins, than the contaminants of UEPO. (Tr. 16,
136).

However, the overwhelming evidence, including
Amgen's own admissions, establishes that uEPO and
rEPO are the same product. The EPO gene used to
produce rEPO is the same EPO gene as the human

body uses to produce UEPO. (Tr. 25, 14). The amino
acid sequences of human uEPO and rEPO are
identical. (Chugai's Reg. Adm. to Amgen No. 436;
Egrie Dep. Tr. 2-165). There are no known
differences between the secondary structure of rEPO
produced in a CHO cell and EPO produced in a
human kidney. (Chugai's Req. Adm. to Amgen No.
437).

Amgen's own scientists have concluded that by all
criteria examined, rEPO is the “ equivalent to the
natural hormone.” In particular, they noted that the
UEPO preparation had an equivalent biological
activity in the RIA and bioassays. (DX 323, pp. 217-
218).

Amgen's Product License Application to the FDA
states that all “ physical tests performed on both r-
HUEPO and u-HUEPO ... show these proteins to be
indistinguishable’ ; that r-HUEPO and u-HUEPO are
“ indiginguishable in their biologica and
immunological properties’ ; and that testing “
confirms the similarity of the secondary and tertiary
protein structures of r-HUEPO and u-HUEPO as
predicted by the equivalence of their immunological
and biological activities.” (DX 328, pp. 762, 782,
789).

Further, Dr. Sadler, who directs a biochemica
molecular biology research laboratory at the Howard
Hughes Medical Institute at Washington University
in St. Louis, testified in a deposition that rEPO is “
indistinguishable”  from its natural counterpart.
(Sadler Dep. Tr. 31-32).

Certainly the difference between the in vivo specific
activity of UEPO and rEPO as reported by defendants
in the IND ispuzzling and relevant to the equivalence
of rEPO and UEPO. However, there was no expert
testimony by Amgen concerning any differences
between the two products, and Amgen's own
publications and documents seem to dispute any
differences. Therefore, Amgen has failed to
demonstrate by clear and convincing evidence a
difference between the two products.

Finally, Amgen argues that the '195 patent does not
enable attainment of specific activities within the
upper ranges of the “ open-ended” claim to specific
activity values falling within the “ at least 160,000”
limitation, such as, for example, 190,000. Relying on
Fisher, Amgen argues that no specific activity value
in that range has been even arguably attained by
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defendants, yet the claim would cover any future
improvement in processing that resulted in such a
higher value. In Fisher, the court held that a claim to
a hormone with a potency of at least 1 international
unit of activity per milligram did not bear a “
reasonable correlation to the scope of enablement
provided by the specification to persons of ordinary
skill intheart.” 427 F.2d at 839. It ruled:

*85 The issue thus presented is whether an inventor
who is the first to achieve a potency of greater than
1.0 for certain types of compositions, which potency
was long desired because of its beneficial effect on
humans, should be allowed to dominate all such
compositions having potencies greater than 1.0,
including future compositions having potencies far in
excess of those aobtainable from his teachings plus
ordinary skill.

Our conclusion isin no way opposed to the principles
of the cases cited by appellant in support of his
contention that he is entitled to coverage of the
breadth now sought. [Those cases] each involved
claims to substantially pure compositions. Such
claims do not present the same breadth problem as
here, because in those cases the possible range of
further purification was either small or nonexistent.
Such claims have an inherent upper limit of 100%
purity, whereas in the present case it would appear
theoretically possible to achieve potencies far greater
than those obtained by appe lant.

Id. at 839-840.

Here, the claim is to a homogeneous preparation of
EPO. Amgen has not provided clear and convincing
evidence that a composition with the characteristics
outlined in claim 1 is not substantially pure, or that
other compositions have substantially higher specific
activity characterigtics.

B. Infringement

On February 24, 1988, Judge Young granted a
motion for partial summary judgment that
recombinant EPO infringes claims 1, 3, 4 and 6 of the
'195 patent.™ To the extent Amgen wants to raise
the issue of “ reverse doctrine of equivalents” it
should request reconsi deration by Judge Y oung.

With respect to claims 2 and 5, defendants do not
assert infringement, and judgment declaring

noninfringement will be entered on behalf of Amgen
on those claims. Environmental Instr., Inc. v. Sutron
Corp., 877 F.2d 1561, 1566 (Fed.Cir.1989) (where a
patent owner decided not to pursue a clam of
infringement on the eve of trial, but did not move to
dismiss the claim, the clam of infringement
remained in the case).

C. Willfulness

In determining whether an infringer acted in bad faith
as to merit an increase in damages awarded against
him, the court will consider the totality of the
circumgances, including (1) whether the infringer
deliberately copied the ideas or design of another; (2)
whether the infringer, when he knew of the other's
patent protection, investigated the scope of the patent
and formed a good-faith belief that it was valid or
that it was not infringed, and (3) the infringer's
behavior as a party to the litigation. Bott v. Four Star
Corp., 807 F.2d 1567, 1572 (Fed.Cir.1986).

When a potential infringer has actual notice of
another's patent rights, he has the duty to “ exercise
due care to determine whether or not he is
infringing.” 1d. Thisusually includes the duty to seek
and obtain competent legal advice before engaging in
activity that may result in infringement. 1d.

*86 Amgen presents the following evidence to
demonstrate lack of willful infringement. The '195
patent issued on June 30, 1987. By August 28, 1987,
Amgen had received a*“ strongly held” opinion from
the Allegretti firm that the '195 patent was not
infringed by Amgen. (PX 866). On October 22, 1987,
this non-infringement opinion was independently
confirmed by the Marshall, OToole firm. (PX 864).
In October, 1987, Amgen received two written
opinions from these two firms that the '195 patent
wasinvalid.

Although Dr. Rathmann, a founding officer of
Amgen and its chief executive officer until 1988,
could not recall reading or seeing an opinion of
outside counsel, in-house counsd, Robert West,
communicated these opinions orally to Dr.
Rathmann. (Rathmann Dep. Tr. 241-248).

Following Judge Young's entry of partial summary
judgment of infringement on February 24, 1988,
Amgen sought and received a 72-page written
opinion from a New York firm, Pennie & Edmonds,
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dated May 2, 1988, that the '195 patent was invalid
and unenforceable. (PX 868).

Defendants argue willfulness because Amgen did not
obtain any opinions of outside counsel concerning the
195 opinion after Judge Young issued his written
opinion dated January 31, 1989 detailing the basis for
his ruling that Amgen had infringed the '195 patent,
and continued to manufacture recombinant EPO after
that date. However, defendants do not point out how
the written opinion differed from the oral entry of
partid summary judgment on February 24, 1988 so
that a new opinion of counsel was required.

Defendants obtained three different opinions on the

invalidity of the '195 patent, which were written in

great detail. The court finds no evidence of bad faith

which would justify a finding of willful infringement.
IX. CONCLUSION

For thereasons stated herein, the court finds that.

1) Claims 2, 4 and 6 in the'008 patent arevalid;

2) Claims 7, 8, 23-27 and 29 in the '008 patent are
invalid;

3) Gl hasinfringed claims 2, 4-8, 23-25, 27 and 29 in
the '008 patent;

4) Chugai has not infringed the '008 patent;

5) Claims 1 and 3 in the '195 patent are valid.

6) Claims 4 and 6 in the '195 patent areinvalid.

7) Amgen has infringed claims 1, 3, 4 and 6 in the

195 patent.

8) Amgen has not infringed claims2 and 5in the'195
patent.

9) Thisisnot an “ exceptional” case under 35 U.S.C.
§ 285 warranting an award of attorneys fees, costs
and expenses to any party.
FIGURE A
ERY THROPOIETIN PROTEIN

TABULAR OR GRAPHIC MATERIAL SET AT
THISPOINT ISNOT DISPLAYABLE TABLE

FIGURE B
U.S. Patent Jun. 30, 1987 Sheet 1 of 2 4,677,195

TABULAR OR GRAPHIC MATERIAL SET AT
THISPOINT ISNOT DISPLAYABLE TABLE

FN1. The trial transcripts are cited with the
first figure reflecting the volume, and the
figures following the comma reflecting the
pages. The notation “ AF’ dands for
Amgen's proposed findings of fact. The
notation “ DF’ stands for defendants
proposed findings of fact. Deposition
transcripts (“ Dep. Tr.” ) are separately cited
with the name of the deponent given.

EN2. Before using the EpQ set of probes,
Lin had used the EPO-17 set of probes from
the n-terminal sequence, which did not
successfully hybridize with the EPO gene.
(Tr. 4, 65).

ENS3. Although the question would be much
closer if the rdevant year were 1983, the
court has found that even though it would
have been obviousto one of ordinary skill in
the art to try this screening approach in
1983, there would have been no reasonable
expectation of success in 1983. (See p. 93
infra).

ENA4. In any event, Dr. Lin was the head of
the EPO project at Amgen through 1984
with supervisory power over all aspects of
the invention.

EN5. Defendants point out that the PTO
declared an interference in a letter dated
May 9, 1989 forwarding the case to the
Board of Patent Appeals and Interferences.
(DX 441). However, this declaration is
merely a determination that a prima facie
case has been presented based on an ex parte
showing by the applicant. (See Tr. 35, 14-
15).

FENG6. The court denied Gl's in limine motion
to exclude the deposition of Dr. Cline, a
witness residing in California, taken under
oath during the course of the ITC
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proceedings pursuant to Fed.R.Evid.
801(b)(1) and Fed.R.Civ.P. 32(a)(3). Fird,
Chugai, the defendant in the ITC
proceedings, is Gl's exclusive licensee, and
has an identity of interest with respect to the
validity of the '008 patent. It had the
opportunity and identical motive to examine
Cline, who was Amgen's consultant on EPO.
Moreover, the instant law suit was pending
so that both Chugai and Gl were on notice
of the significance of Clin€'s testimony.
Second, dthough the ITC was operating
under a different Satutory standard, the
adminigrative law judge focused on many
of the same issues with respect to the
validity of the '008 patent as were examined
in this proceeding. (PX 43, pp. 133 et seq.).
Third, in order to expedite discovery and to
obviate the need to duplicate document
production and retake depositions, the court
ordered the parties to share the discovery
taken during the course of the ITC
proceedings. Gl never notified the court of
any objection to using depositions taken
during the course of that proceeding in this
trial. Finaly, in light of the significance of
the Cline deposition and the possible
prejudice to Gl, the court gave Gl the
opportunity to take Dr. Clin€e's deposition in
Cdlifornia during the course of the trial. Gl
never sought to introduce any supplemental
deposition transcripts of Dr. Cline.

EN7. The evidence is unclear whether Dr.
Lin ordered these probes as early as January,
1982 or in March, 1982. (Seep. 30 supra ).

EN8. Dr. Fritsch did testify that Gl was
contacting companies, such as Sandoz and
Toyobo, “ with the hope that they might be
able to support us.” (Tr. 26, 18). However,
no testimony was offered as to whether
these contacts continued after Gl decided to
abandon the approach of obtaining
additional EPO in 1982.

EN9. In addition, it took nine months after
Dr. Fritsch concelved the approach in
December, 1981 to start the EPO project at
Gl. Although Dr. Fritsch had certain pre-
existing teaching commitments, such as
teaching at Cold Spring Harbor over the
summer, which precluded him from starting

earlier, this persona weighing of prioritiesis
not an excuse for such a long period of
inactivity in reduction to practice. Further,
there is no explanation as to why Gl could
not hirea scientist of ordinary skill in the art
to begin the project, under Dr. Fritsch's
supervision, while he was teaching.

FN10. Amgen contends that the level of
ordinary skill in the art at the time of filing
the application was a person with a PhD or
perhaps an M.D. doing research at that time
and having one or two years of post doctoral
experience in DNA research. (AF 166).
Defendants do not contest this assertion.
(DF 111-20).

FN11. Amgen has not argued that obtaining
sequence information for the EPO protein
was inventive. Wall testified that if a person
skilled in the art in September, 1983 were to
receive fragments from the EPO protein, he
would have been able to obtain amino acid
sequences for those fragments. (Tr. 3, 128).
Indeed, Amgen has conceded it was “
known in the art in 1980-81 to prepare
tryptic fragments from a protein and to then
purify those fragments by high performance
liquid chromatography (HPLC) to sequence
the protein.” (AF 87).

FN12. See also PX 341, p. 38 (Statement of
Thomas G. Wiseman, Supervisory Primary
Examiner for the Biotechnology Group of
the PTO, who said “ It is probable that a
deposit may be needed to meet the best
mode requirement.” ). Defendants objected
to the introduction of this document on the
ground of hearsay. Plaintiff moved to
introduce it to impeach defendants expert's
testimony that deposits of host cells were
required in the circumstances of this case.
The court gives the document no weight
with respect to the key issue whether
deposits were required here because Mr.
Wiseman's examples are not clearly
applicable to this case, and he did not testify
as an expert.

FN13. This document was not stamped as
received until November 2, 1987.

EN14. Although Amgen challenges the legal
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standard asserted by defendants to be
applied here, it does not raise any arguments
based on the facts. (See Amgen's Post-Trial
Reply Brief, pp. 6-8).

FN15. Of course, since claims 7, 8, 23, 24,
25, 27 and 29 have been invalidated as non-
enabling under 35 U.S.C. § 112, see p. 112
supra, Gl will not be held liable for
infringement of those claims.

FN16. Amgen also argues that Dr. Mufson's
group a Gl conducted in vitro bioassays on
the fractions and found EPO activity from
the non-EPO peaks. (AF 1094-1096).
However, Dr. Mufson told Hewick that there
was no significant activity in the non-EPO
peaks. (Tr. 16, 52). Amgen's reliance on
Jane Aghgjanian's calculations in her
laboratory notebook, which are
incomprehensive in  the absence of
explanation by an expert, is not clear and
convincing evidence to the contrary.

EN17. The court has found that clam 4 and
clam 6, which incorporates clam 4 by
reference, are invalid as indefinite. (See p.
157 supra ). Therefore, Amgen will not be
held liable for infringement of those claims.

D.Mass.,19809.

Amgen, Inc. v. Chugai Pharmaceutical Co., Ltd.

Not Reported in F.Supp., 1989 WL 169006
(D.Mass.), 13U.S.P.Q.2d 1737
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