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INTRODUCTION 

At the heart of patent law is a bargain: a limited period of statutory exclusivity 

in exchange for disclosing innovation.  35 U.S.C. §154.  Once the patent term 

expires, the invention “covered by the patent becomes public property.”  Singer Mfg. 

Co. v. June Mfg. Co., 163 U.S. 169, 185 (1896).  In the face of this rule, Plaintiff-

Appellee Immunex and its corporate parent Amgen (collectively, “Immunex”) are 

now well into their third decade of exclusivity for claims covering the protein 

etanercept, the active ingredient in Immunex’s biologic product Enbrel®.  On the 

market since 1998, Enbrel captures close to $5 billion in annual U.S. sales 

(Appx5791), yet it still faces no biosimilar competition.  Under the decision below, 

that exclusivity will extend until 2029. 

 How did Immunex attempt such an extraordinary extension of its patent term?  

Another company, Plaintiff-Appellee Roche, had been working to develop proteins 

that would compete with Enbrel.  When Roche’s clinical trials for its protein failed, 

Immunex—anticipating the end of its lucrative exclusivity when its own etanercept 

patents expired—struck a deal with Roche.  Their “Accord and Satisfaction” (the 

“2004 Agreement”) gave Immunex control of the “pre-GATT” patent applications 

that Roche had filed in 1995.  Although Immunex insisted on calling it a license, the 

2004 Agreement functioned as an assignment by providing Immunex with all 

substantial rights to the applications—including complete control over prosecution, 
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the exclusive right to commercial use, the ability to sue for infringement and control 

infringement litigation, and the right to grant royalty-free sublicenses.  Though 

Roche did not develop, describe, or claim etanercept, Immunex used its exclusive 

prosecution authority to amend the claims and specifications to shoehorn etanercept 

into the Roche applications.   

The reworked applications issued to Immunex in 2011 and 2012 as U.S. Patent 

Nos. 8,063,182 (the “’182 patent”), and 8,163,522 (the “’522 patent”), 

respectively—each for a term of 17 years from issuance.  These patents, through the 

irrevocable 2004 Agreement, give Immunex the exclusive right to commercial use 

of etanercept for 15 years after its original patent claiming etanercept expired and 31 

years since Enbrel was first marketed—until 2029. 

The FDA approved Sandoz’s etanercept biosimilar in 2016, but this litigation 

has kept Sandoz off the market.  The patents Immunex asserted here to keep 

Sandoz’s biosimilar from the public are invalid for three reasons. 

First, the patents violate the equitable prohibition on obviousness-type double 

patenting (“ODP”), which “forbids an individual from obtaining more than one 

patent on the same invention” and its obvious variants.  AbbVie Inc. v. Mathilda & 

Terence Kennedy Inst. of Rheumatology Tr., 764 F.3d 1366, 1372 (Fed. Cir. 2014).  

Immunex cannot evade ODP by mislabeling the 2004 Agreement with Roche as a 

“license” rather than an assignment.  The bar against ODP “prevent[s] unjustified 
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timewise extension of the right to exclude … no matter how the extension is brought 

about.”   In re Hubbell, 709 F.3d 1140, 1145 (Fed. Cir. 2013) (emphasis added) 

(quotation marks omitted). 

Second, the patents-in-suit fail to satisfy the written-description requirement 

of 35 U.S.C. §112.  Etanercept is a fusion protein combining a tumor necrosis factor 

receptor (“TNFR”) with a molecular weight of approximately 75 kilodaltons (the 

“p75 receptor”), and an immunoglobulin molecule (“IgG1”).  The Roche 

applications were focused on a shorter “p55 receptor” invented at Roche; they were 

not directed toward etanercept until Immunex repurposed them.  The Roche priority 

application does not disclose the full-length p75 receptor, much less the p75-IgG1 

etanercept protein claimed by the patents-in-suit. 

Third, the asserted claims are obvious.  All elements of the claimed invention 

were in the prior art, and Immunex concedes there was a reasonable expectation that 

they would work if combined.  Moreover, the prior art clearly encouraged the 

combination, as illustrated by parallel work that created similar fusion proteins—

including by Immunex itself, which actually invented etanercept. 

The district court’s contrary decision rested on basic legal errors.  The Court 

should reverse the judgment below, dissolve the injunction, and allow the public to 

finally enjoy the benefits of biosimilar competition. 
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STATEMENT OF JURISDICTION 

The district court had jurisdiction under 28 U.S.C. §§1331 and 1338, and 

entered final judgment for Plaintiffs on October 8, 2019.  Sandoz noticed this appeal 

the same day.  This Court has jurisdiction under 28 U.S.C. §1295(a). 

STATEMENT OF ISSUES 

1. Whether the patents-in-suit are invalid for ODP, where Immunex—

which owns all substantial rights in those patents, including the ability to control 

patent prosecution—had already obtained earlier-expiring patents claiming obvious 

variants of the same inventions. 

2. Whether the claims-in-suit are invalid for lack of written description, 

where the original specification did not disclose the key claimed features of 

etanercept and Immunex had to amend the specification to add them. 

3. Whether the district court’s ruling on obviousness was infected by legal 

error.  

STATEMENT OF THE CASE 

I. Immunex obtains patents that give it control over the etanercept 
franchise for more than two decades. 

A. Fusion proteins. 

Proteins are made up of a series of smaller molecules called amino acids.  

Appx4107.  A protein consists of dozens to hundreds of amino acids.  Id.  Human 

DNA provides the code for constructing these amino acids.  Appx4109-4110.  As of 
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the priority date in 1990, scientists had learned how to use cells to make proteins 

from a given piece of DNA.  Scientists could introduce a specific sequence into a 

loop of DNA, insert that DNA into a cell, and have the cell make the protein of 

interest (Appx4109-4110): 

 

Appx7002; Appx4110-4111.  This technique can also be used to combine desired 

parts of different proteins, creating new “fusion” proteins that do not occur naturally.   

B. TNF and TNFRs. 

Tumor necrosis factor (“TNF”) is a messenger protein that helps initiate an 

immune response when it binds to receptors on the surface of human cells.  Appx5; 

Appx4112-4113.  While TNF is beneficial, too much TNF can trigger several known 

autoimmune disorders, including rheumatoid arthritis.  Appx4112-4114; Appx4151-

4154.   

The TNFR has three parts, the most significant of which is the extracellular 

region, which is outside the cell and binds to TNF: 
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Appx7003; Appx4114-4115.   

In the late 1980s to 1990, there was tremendous interest in studying whether 

blocking TNF from binding to its cell-surface receptors would provide a therapeutic 

effect.  Appx4116-4117; Appx7.  By the priority date, major biotech institutions 

were focused on using portions of the body’s own TNFRs to remove TNF from the 

body.  Appx4155-4159.  At least two different TNFRs were known: a smaller p55 

TNFR (weighing approximately 55 kilodaltons), and a larger p75 TNFR.  

Appx4115-4116.   

Much of the institutional research focused on cloning (i.e., isolating and 

identifying the DNA sequence for) “soluble” forms of these TNFRs, which are 

portions of the extracellular region that, when cut off from the cell surface, would 

still bind TNF in in vitro assays.  Appx5; Appx4116-4117.  By 1990, several 
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researchers were also studying means to enhance the properties of soluble receptors, 

including TNFRs, by creating TNFR-based fusion proteins.  Appx4176-4177; 

Appx10602.  These fusion proteins were considered useful for studying TNF in 

vitro, as potential diagnostic assays, and as potential treatments for various 

conditions, from HIV/AIDS to rheumatoid arthritis.  Appx4161-4162; Appx4209-

4211; Appx4832; Appx28349; Appx28150-28151. 

C. Immunex wins the race to sequence the full p75 receptor and 
invents etanercept. 

Immunex led the work on TNFRs and TNFR fusion proteins, focusing on the 

p75 receptor.  By October 1989, Immunex became the first to clone the full-length 

p75 receptor, publishing its full-length sequence in Science in May 1990 (“Smith 

1990”).  Appx26978; Appx10602; Appx28264. 

Shortly thereafter, in late 1990, Immunex became the first to make the p75 

TNFR-IgG1 fusion protein now known as etanercept.  Appx28266; Appx5269.  

Etanercept combines the extracellular portion of a p75 receptor with the hinge-CH2-

CH3 portion of a human IgG1 protein: 
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Appx7000; Appx4105-4106.   

The Roche inventors of the patents-in-suit played no role in Immunex’s 

development of etanercept. Appx28254; Appx28260; Appx5169; Appx4794.   

D. Immunex obtains the reference patents. 

Etanercept became the active ingredient in Immunex’s product Enbrel.  

Appx11496.  Immunex obtained a series of patents directed to etanercept and 

methods of using etanercept, the last expiring in 2019.  

1. The ’690 patent. 

U.S. Patent No. 5,605,690 (the “’690 patent”) was filed in 1995, issued in 

1997, and expired in 2014.  Appx27295.  Claim 3 recites, in pertinent part, 

administering “a TNF-lowering amount of a chimeric antibody comprising a TNFR 

comprising the sequence of amino acids 3-163 of SEQ ID NO:1 fused to the constant 

domain of an immunoglobulin molecule.”  Appx27320.  As described in detail 

below, that claim covers etanercept.  See pp. 42-46, infra; Appx4145-4146.   
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Until its expiration, Immunex listed the ’690 patent on Enbrel’s label as 

covering Enbrel.  Appx11504. 

2. The psoriasis patents. 

Immunex also obtained three patents on methods of treating psoriasis using 

etanercept.  The earliest, U.S. Patent No. 7,915,225 (the “’225 patent”), issued in 

2011, and all three expired on August 13, 2019.  Appx27246; Appx27262; 

Appx27278.  Claim 1 of each patent recites methods of treating psoriasis by 

administering a therapeutically effective dose of “TNFR:Fc,” which has been 

defined to mean etanercept.  Appx27261; Appx27277; Appx27294; see Appx4123-

4125.  These claims would have directed a skilled artisan, using routine steps, to 

produce etanercept.  Appx4131; Appx4133-4134; see also Appx4110-4112.   

II. Roche invents different fusion proteins. 

A. The Roche inventors developed different TNFR sequences and 
different fusion proteins. 

The Roche inventors were also interested in using TNFR fusion proteins.  

Appx4831-4832.  But their work differed from Immunex’s in two key ways. 

First, the Roche inventors’ efforts focused on the p55 receptor, which they 

cloned in October 1989.  Appx26957; Appx4802; Appx3834; Appx28234.  This 

research led to Roche’s development and testing of a p55-IgG1 fusion protein in 

clinical trials, starting in 1993, but those trials failed.  Appx28353; Appx5752-5753. 
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Second, the Roche inventors tried, but failed, to clone the full-length p75 

receptor.  Appx4824; Appx4868-4869; Appx5070; Appx5074; Appx28415.  Rather 

than isolating the whole p75 receptor, Roche scientists isolated only a partial p75 

cDNA clone with several key mutations (the “truncated/mutated p75 receptor”)  

Appx4824; Appx4866.  

The inventors’ truncated/mutated p75 receptor differed from Immunex’s full-

length p75 receptor.  Most importantly, as compared to the sequence of 235 amino 

acids comprising the full p75 extracellular region, Roche’s truncated/mutated p75 

receptor does not include the first 48 amino acids.  Appx4450; Appx4453; 

Appx5036; Appx4855.  This accounts for a substantial portion—20 percent—of the 

extracellular region.  Appx4453-4454; Appx5037.  Roche’s sequence also omits the 

first 22 amino acids comprising the signal sequence, which is essential to protein 

secretion from the cell.  Appx4453-4454.  In addition, that truncated/mutated p75 

receptor contains four differences in amino acids.  Three of those are mutations from 

the full-length p75 sequence that would have significantly affected the protein’s 

properties.  Appx4456-4461; Appx4855.  For instance, Roche’s receptor substitutes 

the amino acid arginine for methionine at the 196th position, which leads to a 

different shape and function and is associated with susceptibility to lupus.  See 

Appx4458-4459.  The fourth difference is that Roche’s receptor has one extra amino 
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acid at residue 369, which leads to significant structural differences.  Appx4460-

4461.  

Having failed to sequence the full-length p75 receptor, Roche did not 

seriously pursue p75 fusion proteins.  Appx4794; Appx4845; Appx4848-4849.  

Indeed, when Roche sought to use etanercept in a study to compare its efficacy 

against Roche’s p55-IgG1 protein, Roche had to borrow the protein from Immunex.  

Appx10611.  

B. Roche sought to patent its own TNFR, representing that it was 
patentably distinct from Immunex’s receptor. 

Roche sought and received U.S. Patent No. 5,808,029 (the “’029 patent”) 

covering its truncated/mutated p75 receptor.  Appx30923.  During prosecution, 

Roche insisted to the PTO that its truncated/mutated p75 receptor was patentably 

distinct from Immunex’s full-length p75 receptor.  Appx31502-31503.  Roche 

represented that Immunex’s full-length p75 receptor, disclosed in Smith 1990, is “a 

cDNA sequence encoding a human TNF-R of about 80 kD, whereas applicants’ 

claim a purified and isolated polynucleotide encoding an insoluble protein which has 

an apparent molecular weight of about 75 kilodaltons.”  Id.; see Appx31500.  And 

Roche emphasized that its truncated/mutated TNFR contains the three mutations and 

one extra amino acid, described above.  Appx31501-31502. 
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C. Roche’s priority application for the patents-in-suit discloses 
fusion proteins based on Roche’s TNFR sequences. 

By April 1990, the Roche inventors had cloned the p55 receptor and the 

truncated/mutated p75 receptor and filed for a Swiss patent describing and claiming 

those proteins.  Appx27350.  The inventors’ subsequent filings, including U.S. 

patent applications in the same family as the patents-in-suit, disclosed only the two 

TNFR sequences the Roche inventors had discovered—the p55 receptor (Figure 1) 

and the truncated/mutated p75 receptor (Figure 4)—and fusion proteins based on 

those sequences.  Appx24589-24590; Appx24593-24594; Appx25139-25140; 

Appx25143-25144; Appx24476-24477; Appx24480-24481.  Roche’s priority 

application did not discuss the full-length p75 receptor, or a fusion protein using that 

receptor. 

1. Roche’s original specification does not disclose the full-
length p75 receptor. 

Given Immunex’s publications, the Roche inventors could have described 

Immunex’s full-length p75 receptor in the specification.  Appx5063-5064.  They did 

not.  Instead, they chose to describe the truncated/mutated p75 receptor that they had 

obtained.  Appx5061; Axxp5064-5065; Appx4863. 

Specifically, the priority application is based on two disclosed sequences for 

TNFRs: Figure 1, disclosing the full p55 sequence, and Figure 4, disclosing the 

“[n]ucleotide sequence and deduced amino acid sequence for cDNA clones derived 
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from 75/65 kD TNF-BP.”  Appx25084.  The rest of the application rests entirely on 

these sequences, and close variants thereof.  There is no dispute that Figure 4 is the 

only p75 receptor sequence disclosed in the specification.  Appx4448; Appx4961-

4962.  Figure 4, and smaller fragments of it, is the only p75 receptor mentioned in 

the Summary of the Invention.  Appx25083-25084; Appx5050.  The Detailed 

Description of the Invention likewise defines Figure 4 as the p75 portion of the 

invention, Appx25085; Appx25090; Appx4462-4463, and describes the “present 

invention” as TNF-binding proteins “containing the amino acid sequence depicted 

in Figure l or in Figure 4,” Appx25085; see also Appx25090; Appx4464-4465.  

None of the examples describe a full-length p75 receptor.  Example 8, for instance, 

describes only Roche’s cloning of the truncated/mutated p75 leading up to filing the 

priority application.  Appx25113-25114; Appx4469-4470.  

2. The priority application does not disclose a p75-IgG1 fusion 
protein that incorporates the p75 receptor.  

Fusion proteins combine specific proteins (or parts thereof) at a specific place.  

Appx4492-4493; Appx4496-4497; Appx4515.  Roche’s original specification does 

not disclose the claimed p75-IgG1 protein because it does not describe any of the 

requisite parts or how to arrange them.  Appx4492-4493.  

The specification describes the immunoglobulin portion of the invention as a 

“partial sequence encoding all domains except the first domain of the constant region 

of the heavy chain of human immunoglobulin IgG, IgA, IgM, or IgE.”  Appx25083-
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25084; Appx4483.  A skilled artisan understood that there were 11 potential 

immunoglobulins within these classes.  Appx28617-28618; Appx27869-27870.  

Moreover, even after selecting a particular immunoglobulin, the specification 

statement encompasses a pantheon of potential hinges and a universe of variations, 

and does not describe the specifically-claimed exon-encoded hinge-CH2-CH3 of 

IgG1.  Appx4483-4484. 

The specification provides only one example of DNA that could be used to 

make a p55-IgG3 fusion protein.  Appx4495; Appx4514; Appx4515.  It was 

undisputed that: (1) the p55 is a very different gene product than the p75, Appx4495, 

and (2) IgG3 is a different immunoglobulin from IgG1, with a hinge four times as 

long and a different sequence compared to the IgG1 hinge, id.  Because of these 

differences, a skilled artisan could not have used Example 11 to make a p75-IgG1 

fusion protein.  Appx4496-4497. 

3. During its prosecution, Roche consistently pursued claims 
directed to the p55 receptor. 

In May 1995, Roche filed divisional applications that led to the patents-in-

suit.  Appx12686; Appx12721.  By filing these applications days before the Uruguay 

Round Agreements Act (“GATT”) went into effect, Roche obtained patent terms 

running 17 years from issuance.  Appx28330. 

The divisional applications focused on the p55 receptor.  Under Roche’s 

control from May 1996 until late 2004, all claims in the ’182 patent application 
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related only to the p55 receptor.  Appx13060-13061; Appx13077-13078; 

Appx13098-13099; Appx13253-13255; Appx13379-13381; Appx28329-28330; 

Appx28331; Appx28331-28332; Appx28332-28333.  Roche sought six extensions, 

adding over a year to the prosecution.  Appx13046; Appx13058; Appx13087; 

Appx13108; Appx13397; Appx13416.  Moreover, on three occasions between 1996 

and 1998, Roche prevented the patent from issuing by ignoring communications 

from the PTO.  Appx13056; Appx13076; Appx13096. 

Similarly, the ’522 patent application was filed with a preliminary 

amendment, in which all claims related to the p55 receptor.  Appx19150; 

Appx19156-19158; Appx28337-28338.  In August 2000, Roche amended the claims 

to relate to both the p55 and its truncated/mutated p75 receptor.  Appx19159-19161.  

In response, the examiner issued a restriction, and Roche again elected the p55 

receptor.  Appx19528; Appx28341; Appx19575.  While Roche controlled 

prosecution, it added almost one year to the process by requesting four extensions.  

Appx19580; Appx19607; Appx19761; Appx19778. 

III. Immunex and Roche enter into a transaction allowing Immunex to 
extend its patent control over etanercept. 

A. The 2004 Agreement transferred all substantial rights in the 
patents-in-suit to Immunex. 

In 1998, after Immunex obtained FDA approval for Enbrel, Roche and 

Immunex entered into an agreement to cross-license their respective patents and 
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applications involving TNF receptors.  Appx25865-25891.  This agreement, which 

extended to the applications that became the patents-in-suit, provided Immunex with 

all it needed to market Enbrel.  Appx5754; Appx28280; Appx25879.  

Subsequently, Roche and Immunex entered into the 2004 Agreement, which 

turned Immunex into the de facto owner of the applications from which the patents-

in-suit issued.  Appx25836-25864.  That Immunex paid Roche only $45 million—

just nine days of Enbrel revenue—is consistent with the fact that Roche’s 

applications were not directed to etanercept.  Appx5790-5792. 

The stated purpose of the 2004 Agreement was for Immunex “to acquire all 

rights licensed pursuant to the [1998] Roche-Immunex Agreement and to eliminate 

the continuing obligations to pay royalties to Roche” under the 1998 Agreement.  

Appx25836.  The 2004 Agreement further stated that “Roche is willing to sell such 

rights in accordance with the terms of” the 2004 Agreement.  Id. (emphasis added).  

Among other things, the 2004 Agreement gave Immunex: 

• The exclusive right to make, use, sell, offer for sale, and import the 
claimed inventions.  Appx25839; Appx25839. 

• The absolute right to exclude anyone, including Roche, from 
commercializing the claimed inventions.  Appx25839. 

• The complete, unfettered right to sublicense the patents.  Appx25839; 
Appx28335; Appx5762-5763. 

• The first right to sue for infringement and to then control litigation it 
initiated, including unilateral authority to settle and the right to collect 
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all damages.  Appx25840; Appx5769-5770; Appx5771; Appx5775; 
Appx28336; Appx2833. 

• The complete, unfettered right to control the prosecution of the patent 
applications.  Appx25840; Appx28335-28336; Appx5763-5765; 
Appx5772.  

Roche could not terminate the agreement for any reason.  Appx25848.   

Roche had expected to receive “an offer from [Immunex] to purchase [the] 

patents covering Enbrel.”  Appx11494; Appx28321-28322; Appx28324.  But Roche 

“couldn’t get [Immunex] to agree to have [the patents] assigned” to Immunex 

because Immunex “preferred a license.”  Appx28324-28325.  Immunex had ample 

reason for that preference.  Immunex’s lead negotiator testified that he recognized 

that the ODP doctrine could apply to patents that became commonly owned through 

assignments.  Appx5784.  Notably, ODP law does not apply outside the United 

States, and the transfer of patent rights outside of North America to Wyeth in the 

same agreement—which are the same as the rights provided to Immunex for the U.S. 

patents in every material respect—was straightforwardly called an “assignment.”  

Appx25838.  Underscoring the fiction of the parties’ label, Immunex could convert 

the “license” into a formal assignment for just $50,000.  Appx25840.  That clause 

was included at Immunex’s insistence, as Roche was willing to formally assign the 

patent applications at no additional cost.  Appx28335.   
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B. Immunex repurposes the patents-in-suit to focus on the p75 
receptor. 

In October 2004, Roche transferred its powers of attorney for the ’182 and 

’522 patent applications to Immunex’s attorneys.  Appx28333-28334; Appx28341-

28342; Appx13641-13648; Appx19782-19789.  Immunex then repurposed the 

claims to cover etanercept. 

In January 2005, Immunex amended the ’182 application to claim either a p55 

or a p75 TNFR:Fc fusion protein.  Appx13659; Appx13665-1366.  Then, in October 

2005, Immunex amended the claims to remove all references to the p55 receptor, so 

for the first time, all claims related exclusively to the p75 TNFR:Fc fusion protein.  

Appx15931; Appx15933-15938; Appx5582.   

In November 2006, Immunex amended the specification to include a reference 

to an October 2006 deposit of a plasmid related to the p75 receptor.  Appx16424-

Appx16425; Appx5788.  This was the first time the full-length p75 receptor was 

incorporated into the specification.  Appx24.  While rewriting the ’182 patent, 

Immunex obtained five extensions, adding 16 months to prosecution.  Appx13764, 

Appx15932, Appx16236, Appx16720.  

Immunex similarly changed the claim scope of the ’522 patent.  In December 

2004, Immunex filed an amendment cancelling all pending claims, and filed 

amended claims related solely to the p75 receptor.  Appx19798-19802.  In August 

2007, Immunex amended the specification to, for the first time, incorporate by 
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reference an article (Smith 1990) showing the correct amino-acid sequence for the 

full p75 TNFR.  Appx22640; Appx5788.  Additionally, Immunex amended the 

specification to include a reference to the plasmid deposit it made in October 2006.  

Appx22641.  During prosecution of the ’522 patent, Immunex obtained seven 

additional extensions, adding 18 months to prosecution.  Appx19824; Appx22240; 

Appx22488; Appx22493; Appx23047; Appx24076; Appx24421.  

The ’182 patent issued in 2011 and expires on November 22, 2028.  

Appx12686.  The ’522 patent issued in 2012 and expires on April 24, 2029.  

Appx12721. 

C. Immunex’s ultimate claims focus on the etanercept compound 
never disclosed in the priority application. 

Immunex asserts claims 11, 12, 35, and 36 of the ’182 patent, all of which 

depend partly from claim 1, which recites a protein comprising part (a) (directed to 

a portion of the p75 receptor) and part (b) (directed to a portion of an IgG 

immunoglobulin consisting of the hinge and the CH2 and CH3 domains).  

Appx12717-12718.  Claims 11, 35, and 36 all depend from claim 1, which limit the 

portion of the p75 receptor to the extracellular region and the portion of the 

immunoglobulin to the exon-encoded “hinge-CH2-CH3” of IgG1, per the parties’ 

agreed claim construction.  Id.  Claim 12 is directed to a pharmaceutical composition 

containing the protein of claim 11.   
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Immunex also asserts claims 3, 8, and 10 of the ’522 patent, which are directed 

to a process for making the fusion protein claimed by the ’182 patent.  The ’522 

patent requires “culturing a host cell comprising a polynucleotide” that consists of 

only the two parts—the p75 extracellular region and the IgG1 immunoglobulin 

portion—and “purifying an expression product of the polynucleotide [i.e., the 

protein] from the cell mass or culture medium.”  Appx12765.  

IV. The district court blesses Immunex’s end-run around established patent 
terms.   

In 2005-2006, Sandoz began to develop a biosimilar version of etanercept, 

now called Erelzi.  Appx28383.  Based on the existing patents covering etanercept, 

Sandoz expected that it could launch Erelzi globally in 2015.  Appx4677-5678.  In 

2011, however, Immunex announced the issuance of the ’182 patent, which would 

not expire until 2028.  Appx12607. 

In 2015, Sandoz submitted an abbreviated biologics license application 

(“aBLA”) under 42 U.S.C. §262(k), seeking authorization to market Erelzi and 

designating Enbrel as the reference product.  After Immunex and Sandoz completed 

the exchange of patent lists under §262(l), Immunex, Amgen, and Roche filed suit 

against Sandoz in the District of New Jersey, alleging that Sandoz’s submission of 

an aBLA referencing Enbrel was an act of infringement under 35 U.S.C. 

§271(e)(2)(C).  Sandoz argued that the asserted claims were invalid on several 
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grounds, including ODP, lack of written description, and obviousness.  Following a 

bench trial, the district court concluded that the patents-in-suit are not invalid.   

With respect to ODP, the court first held that the patents held by Immunex 

could not be used as reference patents on the theory that Roche still owned the 

patents-in-suit.  Appx68-73.  The court relied primarily on Immunex’s 

characterization of the agreement as a license, and concluded that Roche had not 

transferred all substantial rights to the patents-in-suit.  Id. 

In the alternative, the district court concluded that the Immunex patents are 

patentably distinct from the patents-in-suit.  Appx74-84.  As to the psoriasis patents, 

the court’s conclusion turned on its application of the “two-way test,” which “is 

appropriate only in the unusual circumstance where the PTO is solely responsible 

for the delay in causing the second-filed application to issue prior to the first.”  

Hubbell, 709 F.3d at 1149 (emphasis added) (quotation marks omitted).  As to the 

’690 patent, the court rejected Sandoz’s proposed construction that the fusion protein 

claimed by the patent is etanercept.  Appx76-77. 

The district court also concluded that the priority application provides 

adequate written-description support.  Appx11-28.  The court recognized that the 

application fails to disclose the full-length p75 sequence as part of the invention, but 

concluded that the disclosure of that sequence in the art, combined with oblique 

references to that disclosure, was enough.  Appx8-19.  The district court then 
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concluded that the application disclosed the p75-IgG1 etanercept protein.  The court 

reasoned that the application disclosed each part of that protein, and that a skilled 

artisan would have been directed by the claims themselves to combine those parts to 

create the claimed protein.  Appx19-21. 

Finally, the district court rejected Sandoz’s argument that the asserted claims 

of the patents-in-suit were obvious under §103.  Appx28-59. 

SUMMARY OF ARGUMENT 

  I. The asserted claims are invalid for ODP because they are obvious over 

Immunex’s earlier-issued patents.  The district court’s contrary conclusion rested on 

several legal errors.   

A. The district court concluded that the patents-in-suit are exempt from 

ODP, on the theory that the 2004 Agreement did not transfer formal title to 

Immunex.  Appx67-73.  That holding was legally incorrect.  The rule against ODP 

for commonly-owned patents applies with full force to applications acquired by 

assignment during prosecution.  See In re Longi, 759 F.2d 887, 893 (Fed. Cir. 1985).  

And the 2004 Agreement is an assignment in all but name, because it irrevocably 

conveys all substantial rights in the patents-in-suit to Immunex.  The meager rights 

retained by Roche—to practice the patents for private, research uses and to bring an 

infringement suit if Immunex does not sue first or grant a sublicense—are 

insubstantial.   
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The district court’s alternative holding that the patents-in-suit were patentably 

distinct (Appx74-84) was likewise infected with legal errors.  The court’s conclusion 

as to the psoriasis patents depended entirely on applying the two-way test—a test 

that is inapplicable because both Immunex and Roche contributed to the PTO’s delay 

in issuing the patents-in-suit through multiple extensions and major claim 

amendments.  As to the ’690 patent, the district court’s conclusion that it does not 

claim etanercept misconstrues the claims and contradicts both the specification and 

prosecution history. 

II. The priority application does not provide written-description support 

for etanercept for two reasons.   

A. First, it does not describe the full-length p75 sequence, and hence does 

not disclose a fusion protein based on that sequence.  The priority application was 

based entirely on the sequences identified in Figures 1 and 4 and close variants 

thereof—i.e., the full p55 sequence and the truncated/mutated Roche p75 sequence.  

Every discussion of the p75 receptor, and every reference to a fusion protein based 

on that receptor, refers to the Roche sequence in Figure 4, not to the full-length p75 

sequence previously discovered and used by Immunex in etanercept.  The Smith 

reference that discloses the full-length sequence is mentioned only once in the 

priority application, and the parties’ experts agreed that this passing reference 
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neither incorporated Smith by reference nor instructed a skilled artisan to use Smith 

as a substitute for Roche’s Figure 4 sequence.   

 The district court could only find disclosure of the p75 sequence through the 

type of hindsight- and obviousness-based approach to written description that this 

Court has rejected.  See, e.g., Ariad Pharms., Inc. v. Eli Lilly & Co., 598 F.3d 1336, 

1352 (Fed. Cir. 2010) (en banc). 

 B. Second, the priority application failed to disclose the specific p75-IgG1 

etanercept protein Immunex claimed.  A specification disclosing a genus of 

compounds only discloses a species within that genus if it provides “blaze marks” 

that would lead a skilled artisan to the later-claimed species.  Purdue Pharma L.P. 

v. Faulding Inc., 230 F.3d 1320, 1326-27 (Fed. Cir. 2000).  The priority application 

does not provide “blaze marks” to the full-length p75 sequence.  Moreover, the 

application identifies a range of potential immunoglobulins, with an accompanying 

range of potential hinges.  Nothing points a skilled artisan to the specific combination 

of features of etanercept. 

 The district court disputed none of this, but held that a skilled artisan would 

have been directed to etanercept by the claims themselves.  That is blatant legal error.  

See, e.g., Novozymes A/S v. DuPont Nutrition Biosciences APS, 723 F.3d 1336, 1349 

(Fed. Cir. 2013). 
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 III. The district court’s obviousness analysis similarly rested on 

fundamental legal errors.  In concluding that a skilled artisan would not have been 

motivated to combine the p75 receptor with an immunoglobulin to create etanercept, 

the court relied on the premise that the potential to stimulate inflammation would 

have taught away from this combination by making the fusion protein a poor 

candidate for treating autoimmune diseases like rheumatoid arthritis.  But the 

asserted claims are not directed to a method of treatment, and it was legal error for 

the district court to discount evidence showing a motivation to create etanercept for 

other purposes.  The district court likewise erred in assessing secondary 

considerations, disregarding the history of etanercept’s conception and patenting by 

Immunex.   

ARGUMENT 

I. The patents-in-suit are invalid for ODP. 

The rule against ODP enforces a fundamental bargain: a patentee receives 

exclusivity for an invention subject to the condition that “on the expiration of a 

patent the monopoly created by it ceases to exist.”  Singer, 163 U.S. at 185; AbbVie, 

764 F.3d at 1372.  Although ODP has been “described as a court created doctrine,” 

it is “grounded in the text of the Patent Act,” and in particular on §101’s instruction 

that no one may “obtain[] more than one patent on the same invention.”  AbbVie, 

764 F.3d at 1372.  ODP doctrine implements this statutory policy by preventing 
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“separate applications or patents” from “claim[ing] inventions so alike that granting 

both exclusive rights would effectively extend the life of patent protection.”  

Hubbell, 709 F.3d at 1145 (quotation marks omitted). 

 The patents-in-suit represent just such an invalid life-extension.  The district 

court’s ruling allowed Immunex to continue its patent protections after expiration of 

its own patents rested on several legal errors. 

A. Standard of review. 

ODP is a question of law, reviewed de novo.  UCB, Inc. v. Accord Healthcare, 

Inc., 890 F.3d 1313, 1324 (Fed. Cir. 2018).  Underlying factual findings are reviewed 

for clear error.  Id. 

B. Patents owned by Immunex are proper reference patents, because 
Immunex is the effective owner of the patents-in-suit. 

“[C]ommonly-owned applications by different inventors” are subject to the 

rule against ODP.  Longi, 759 F.2d at 893.  Under the 2004 Agreement, the 

applications that resulted in the patents-in-suit, the psoriasis patents, and the ’690 

patent were all “commonly-owned” by Immunex.  The district court’s contrary 

holding conflicts with precedent recognizing that an agreement that transfers all 

substantial rights to the patent is an assignment for purposes of federal patent policy. 
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1. An agreement that conveys all substantial rights to a patent 
is tantamount to an assignment of ownership. 

Immunex has argued that its patents are not ODP references for the patents-

in-suit because the 2004 Agreement supposedly conveyed only an exclusive license 

to the patents without formally transferring ownership.  But an agreement labeled as 

a license “may be tantamount to an assignment” for purposes of federal patent law.  

Aspex Eyewear, Inc. v. Miracle Optics, Inc., 434 F.3d 1336, 1340 (Fed. Cir. 2006).  

Thus, although only “[a] patentee” may sue for infringement, 35 U.S.C. §281, if an 

agreement “transfers ‘all substantial rights’ to the patent, this amounts to an 

assignment or a transfer of title” that provides standing for the transferee to sue in 

its “own name alone.”  Morrow v. Microsoft Corp., 499 F.3d 1332, 1340 (Fed. Cir. 

2007).  The transferee “becomes the effective patentee,” id. at 1340 n.6, with 

“effective title” to the patents-in-suit, Keranos, LLC v. Silicon Storage Tech., Inc., 

797 F.3d 1025, 1031 (Fed Cir. 2015).  The same logic applies to the ODP context.   

a. The district court questioned whether this Court’s “all substantial 

rights” test should apply outside “the ‘standing to sue’ context.”  Appx70.  Tellingly, 

however, the court did not suggest any other way to decide whether a purported 

licensee, whose license transaction is an assignment in every way that matters, 

should be treated like a patent owner for purposes of federal law.   

Nor did the district court consider the textual links between the ownership 

inquiries in the ODP and standing contexts, which strongly support a common test.  
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As noted, only “[a] patentee” has statutory authorization to sue for infringement.  35 

U.S.C. §281.  This Court’s decisions recognizing that some exclusive licensees 

nonetheless may sue in their own name rely on the definition of “patentee” in 

§100(d) to include “successors in title” to the patent.  See Karanos, LLC v. Silicon 

Storage Tech., 797 F.3d 1025, 1031 (Fed. Cir. 2015).  As the Court has reasoned, 

when a party acquires all substantial rights to the patent, it becomes the “successor” 

under §100(d).  See id.  Similarly, even though only a “patentee or applicant” may 

file a terminal disclaimer to overcome an ODP objection, 35 U.S.C. §253(b), 

§100(d)’s definition of “patentee” establishes that a successor acquires authority to 

file a terminal disclaimer.  See In re Bowers, 359 F.2d 886, 889 (C.C.P.A. 1966) 

(cited with approval in Longi, 759 F.2d at 894); accord In re Borg, 392 F.2d 642, 

644 (C.C.P.A. 1968). 

If anything, the argument for following the “all substantial rights” test is 

stronger in the ODP context.  ODP comes from the fact that “§101 forbids an 

individual from obtaining more than one patent on the same invention.”  AbbVie, 

764 F.3d at 1372.  If Immunex would “become the effective patentee” for standing 

purposes, then Immunex has surely “obtained” that patent for ODP purposes. 

b. Immunex argued below that courts should decide whether a party owns 

an application or patent for purposes of ODP by reference to state law.  That 

approach is unworkable.  The question of patent ownership in this context, as in the 
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context of statutory standing, directly implicates issues of federal patent policy that 

demand a “uniform national rule.”  Rhone Poulenc Agro, S.A. v. DeKalb Genetics 

Corp., 284 F.3d 1323, 1328 (Fed. Cir. 2002). 

Immunex’s position also produces absurd results, because it offers an easy 

path for companies to circumvent ODP.  On Immunex’s account, a company that 

would face a certain ODP objection under Longi could avoid that objection merely 

by reclassifying the assignment as a license but without changing anything of 

substance.  It would not matter, under this theory, whether the putative license is 

“tantamount to an assignment.”  Alfred E. Mann Found. for Sci. Research v. 

Cochlear Corp., 604 F.3d 1354, 1358-59 (Fed. Cir. 2010).  According to Immunex, 

if the relevant state law would accept the parties’ label, then ODP cannot apply. 

Immunex has no viable response to the relabel-an-assignment-as-a-license 

scenario because that is this case.  As discussed, p. 17, supra, the executive who 

negotiated the 2004 Agreement for Immunex knew that commonly-owned patents 

are subject to ODP scrutiny under U.S. patent law.  Appx5784.  Whereas Roche 

executed a formal assignment of patent rights outside North America to Wyeth—a 

label that carried no invalidity risk, because ODP is not recognized outside the 

United States—Immunex insisted on characterizing its own substantively 

indistinguishable agreement as a “license,” even though Roche had offered an 

assignment for the same price.  Appx28324-28325.  According to Immunex, this 
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strategic gambit allows it to avoid ODP while still enjoying complete control over 

the reference patents and the patents-in-suit, even during prosecution.  But ODP 

“prevent[s] unjustified timewise extension of the right to exclude … no matter how 

the extension is brought about.”  Hubbell, 709 F.3d at 1145 (emphasis added).  The 

Court should reject Immunex’s easy-to-manipulate approach to determining ODP 

common ownership and instead apply the well-developed “all substantial rights” 

test. 

2. The 2004 Agreement provided Immunex with all substantial 
rights to the patents-in-suit.   

a. While this Court has “never established a complete list of the rights that 

must be examined to determine whether a patentee has transferred away sufficient 

rights to render another party the owner of a patent,” it has described “the exclusive 

right to make, use, and sell” the patented invention as “vitally important.”  Diamond 

Coating Techs., LLC v. Hyundai Motor Am., 823 F.3d 615, 619 (Fed. Cir. 2016) 

(quotation marks, brackets, and ellipses omitted).  Likewise, the Court has identified 

“the nature and scope of the patentee’s retained right to sue accused infringers and 

license the patent” as perhaps “the most important factors.”  Id. (quotation marks 

and brackets omitted).  Those critical factors overwhelmingly support recognizing 

that the 2004 Agreement “transfer[s] away sufficient rights.”   

 The 2004 Agreement granted Immunex all the classic indicia of ownership, 

including the two critical rights identified in Diamond Coating.  Under Paragraph 
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3.1, Immunex obtained “a paid-up, irrevocable, exclusive license, with the sole right 

to grant sublicenses, under the [patents-in-suit] to make, have made, use, sell, offer 

for sale and import [the claimed inventions] for the life of such patents.”  

Appx25839.  As to litigation rights, Paragraph 3.5 provides Immunex with the first 

right to rectify any alleged infringement by, e.g., suing the infringer or sublicensing 

the patents-in-suit.  Appx25840-25841.  Moreover, if Immunex exercises its right to 

sue, it has the complete rights to control the litigation—including to settle the claim 

on whatever terms it considers appropriate—and to pocket all proceeds from the 

lawsuit.  Id.  

 The flip side is that Roche has been stripped of any of the traditional attributes 

of ownership.  Here, Roche not only lost any ability to commercialize the claimed 

invention, but also did not “retain[] control of licensing” for the patents-in-suit.  

Diamond Coating, 823 F.3d at 620; see Appx25839.  Likewise, Roche did not 

“retain[] control” of “litigation activities.”  Diamond Coating, 823 F.3d at 620.  The 

Agreement provides Immunex with the unilateral right to initiate infringement 

litigation, which is then “solely within” Immunex’s “control.”  Appx25840.  Roche 

only has a back-up right to sue for infringement if Immunex declines to do so within 

180 days of Roche’s written request.  Appx25841.  That highly circumscribed right 

is “illusory” because Immunex “can render [it] nugatory by granting the alleged 

infringer a royalty-free sublicense.”  Speedplay, Inc. v. Bebop, Inc., 211 F.3d 1245, 
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1251 (Fed. Cir. 2000).  Specifically, Paragraph 3.5 authorizes Immunex “to rectify 

any infringement by sublicense.”  Appx25840.  The Agreement does not place any 

limits on how Immunex exercises its licensing discretion, nor does it require 

Immunex to collect any royalties on a sublicense.    

 These factors alone show that the 2004 Agreement transferred all substantial 

rights in the patents-in-suit to Immunex.  See, e.g., Diamond Coating, 823 F.3d at 

619; Aspex, 434 F.3d at 1342; Alfred E. Mann, 604 F.3d at 1360-61.  But there is 

more.  Under Paragraph 3.3, Immunex obtained the sole right to control the 

prosecution of the patents-in-suit—Roche did not even retain a right to review PTO 

submissions.  Appx25840; Appx28335-28336; Appx5763-5765; Appx5768.  That 

factor is highly significant in the ODP context, since ODP’s purpose is to prevent 

applicants from receiving new patents that “extend the life” of their existing patents.  

Hubbell, 709 F.3d at 1145.  This case shows why.  Immunex used its control over 

prosecution to amend the applications that became the patents-in-suit in order to 

claim an invention—etanercept—that Roche never possessed or disclosed, but 

which Immunex itself had already claimed in its own patents. 

 b. The district court’s contrary conclusion—reviewed de novo, Lone Star 

Silicon Innovations LLC v. Nanya Tech Corp., 925 F.3d 1225, 1230 (Fed. Cir. 

2019)—relied primarily on the fact that the 2004 Agreement’s transfer of rights to 

Immunex was “expressly called a license,” which the court contrasted with the 

Case: 20-1037      Document: 48     Page: 46     Filed: 11/08/2019



 

33 

“[a]ssignment” label given to the transfer of Roche’s corresponding patent rights 

outside of North America to Wyeth.  Appx71.  The court similarly looked to 

testimony by Immunex’s lead negotiator, which reinforced that Immunex required 

Roche to retain formal ownership of the patents.  Appx72.  But the district court’s 

reasoning runs headlong into this Court’s precedent: “labels given by the parties do 

not control” the substantial-rights inquiry, A123 Sys., Inc. v. Hyrdo-Quebec, 626 

F.3d 1213, 1218 (Fed. Cir. 2010), which is supposed to turn on “substance” “rather 

than formalities or magic words,” Lone Star, 925 F.3d at 1229.   

The need for courts to look beyond labels is especially pronounced in the ODP 

context, where assignees will have clear incentives to recharacterize agreements 

transferring patent ownership as licenses.  Certainly Immunex had such an incentive 

here.  See p. 17, supra. 

Beyond its focus on the 2004 Agreement’s labels, the district court identified 

just two rights that Roche supposedly maintained, neither of which comes close to 

establishing Roche’s continued patent ownership. 

First, the district court emphasized Roche’s secondary right to sue for 

infringement.  Appx71-72.  But, as discussed, pp. 31-32, supra, that right was 

“illusory” because Immunex could undercut Roche’s ability to sue by granting a 

royalty-free sublicense to an alleged infringer.  Speedplay, 211 F.3d at 1251.  

Resisting that conclusion, the district court asserted that “Immunex could not end a 
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Roche-initiated lawsuit by granting a sublicense on its own.”  Appx73.  But nothing 

in the 2004 Agreement supports the court’s declaration, which conflicts with 

Paragraph 3.5’s express grant of authority for Immunex “to rectify any … 

infringement” of the patents-in-suit “by sublicense.”  Appx25840.   

Without referencing Paragraph 3.5, the district court instead relied on 

Paragraph 3.6, which states that Immunex “will cooperate with Roche” in a Roche-

initiated suit,” including by “participating as a party in the suit to the extent required 

by the court in order to bring suit.”  Appx25841.  That provision, however, merely 

requires Immunex’s participation in litigation.  It does not qualify Immunex’s 

express authority to eliminate the predicate for suit by granting a sublicense.  The 

only other provision cited by the district court—the 2004 Agreement’s mutual 

restrictions on further assignments without the counterparty’s consent 

(Appx25849)—does not fill this gap.  Immunex does not need to assign the patents-

in-suit to an alleged infringer in order to vitiate Roche’s ability to sue; a non-

exclusive license would do.  See Carborundum Co. v. Molten Metal Equip. 

Innovations, Inc., 72 F.3d 872, 878 (Fed. Cir. 1995).1  

                                           
1 Roche’s ability “to veto the assignment of Immunex’s rights to a third party” also 
does not “suggest[] that the parties envisioned the agreement to be a license.”  
Appx73. Paragraph 11.4, on which the district court relied, appears in a global 
section of the Agreement that also applied to Roche’s agreement with Wyeth, and 
even Immunex recognizes that Wyeth received an assignment.  Moreover, the 
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 Even if Paragraph 3.6 could be read to implicitly restrict Immunex’s otherwise 

unlimited right to grant sublicenses during a “Roche-initiated lawsuit,” Appx73, 

Roche’s secondary right to sue would remain illusory because it would still exist 

purely as a matter of Immunex’s grace.  Before Roche can file a lawsuit, Paragraph 

3.5 requires Roche to make a written request to Immunex and to wait at least 180 

days.  Appx25841.  There is no question that if Immunex grants a sublicense to the 

alleged infringer on day 179, Roche would lose any right to sue.  Thus, just as in 

Speedplay, Immunex’s sublicensing rights render Roche’s secondary right to sue 

“illusory.”  211 F.3d at 1251.   

By contrast, in Alfred E. Mann, the patent owner’s secondary right to sue was 

meaningful because sublicensing rights were “fettered” by the licensee’s obligation 

to charge pass-through royalties on any sublicenses, which would flow back to the 

patent owner.  See 604 F.3d at 1361-62; see also Abbott Labs. v. Diamedix Corp., 

47 F.3d 1128, 1132 (Fed. Cir. 1995) (similarly attributing significance to a retained 

right to sue, because any sublicense granted had to include royalties).  No similar 

royalty requirement applies here. 

 Second, the district court pointed to Roche’s reserved right “to practice the 

invention.”  Appx73.  More specifically, Paragraph 3.2 allows Roche and its 

                                           
Agreement gives Immunex the same right to veto the assignment of Roche’s rights 
to a third party.  Appx25849. 

Case: 20-1037      Document: 48     Page: 49     Filed: 11/08/2019



 

36 

affiliates “to practice under the [patents-in-suit] for internal, non-clinical research 

only.”  Appx25839.  As this Court has explained, however, “this is not a substantial 

right” since it is the same right that any non-exclusive licensee might possess.  

Luminara Worldwide, LLC v. Liown Elecs. Co., 814 F.3d 1343, 1351 (Fed. Cir. 

2016). “The retained right to practice a patent is not the same as a retained right to 

exclude others from doing so.”  Id.   

In short, Roche transferred all of its substantial rights to Immunex—which 

already owned multiple other etanercept patents. 

C. The patents-in-suit are not patentably distinct from the ’225 
patent. 

In conducting an ODP analysis after identifying the reference patents, the 

Court first “construes the claims in the earlier patent and the claims in the later patent 

and determines the differences.”  AbbVie, 764 F.3d at 1374 (quotation marks and 

brackets omitted).  The Court then asks “whether those differences render the claims 

patentably distinct.”  Id. (quotation marks omitted).  The “general rule” for deciding 

whether claims are patentability distinct is to apply a “one-way test,” which asks 

whether the asserted patent claim is obvious over or anticipated by the reference-

patent claim.  Hubbell, 709 F.3d at 1149. 

Under that “general rule,” the obviousness of the asserted claims of the 

patents-in-suit over the claims of the psoriasis patents is clear beyond reasonable 

dispute.  The patents-in-suit claim the etanercept protein (the ’182 patent) and a 
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method of manufacturing etanercept (the ’522 patent) using routine steps that were 

well known in the art.  See pp. 18-20, supra.  The psoriasis patents claim methods 

of using a therapeutically effective dose of etanercept to treat psoriasis.  See p. 9, 

supra.  The ’225 patent, issued before both of the patents-in-suit, is unquestionably 

a proper ODP reference.  See Novartis Pharms. Corp. v. Breckenridge Pharm. Inc., 

909 F.3d 1355, 1359 (Fed. Cir. 2018).2  Thus, the issue here is whether patents 

claiming etanercept (the ’182 patent) and a method for manufacturing etanercept (the 

’522 patent) were anticipated by or obvious over previously issued patent claims that 

presupposed etanercept’s existence and described how to use etanercept to treat a 

specific condition.  That question answers itself: because the psoriasis patent claims 

are effectively species of the asserted genus claims in the patents-in-suit, they are 

invalid for ODP.  See Perricone v. Medicis Pharm. Corp., 432 F.3d 1368, 1374 (Fed. 

Cir. 2005). 

The district court did not conclude otherwise, but rather reached a different 

result because it employed the far more lenient (and rarely applied) “two-way test.”  

Appx78.  Under that test, “the order of issuance is, in effect, ignored,” and a patentee 

will escape ODP if its earlier patent claims are distinct from later-issued claims.  In 

                                           
2 The district court’s extended discussion of the “[i]mpact of GATT on the Patents-
in-Suit” is accordingly irrelevant to this appeal because the court acknowledged that 
the ’225 patent could serve as a proper reference based on its date of issuance.   
Appx82.    
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re Janssen Biotech, Inc., 880 F.3d 1315, 1325 (Fed. Cir. 2018).  Reversing the 

district court’s decision to apply the two-way test—which this Court “review[s] 

without deference,” In re Fallaux, 564 F.3d 1313, 1316 (Fed. Cir. 2009)—compels 

the conclusion that the asserted claims are invalid for ODP.  

1. The district court committed legal error by applying the 
“two-way” test. 

The two-way test is reserved for “unusual circumstances,” and the standard 

for invoking it is strict.  Janssen, 880 F.3d at 1325.  The test is “only appropriate 

where (1) a second-filed application issues prior to a first-filed application, and 

(2) the PTO is solely responsible for the delay in the issuance of first-filed 

application.”  Id. (emphasis added) (quotation marks omitted).  And “solely” really 

means “solely”: a patentee does not get the benefit of the test merely by showing 

that “on … balance” the PTO was more responsible for the sequencing of patent 

issuance.  Hubbell, 709 F.3d at 1149.  If an applicant’s “actions, or inactions, had a 

direct effect on the prosecution,” then “the two-way test … does not apply.”  In re 

Basell Poliolefine Italia S.P.A., 547 F.3d 1371, 1376 (Fed. Cir. 2008) (emphasis 

added); see also Eli Lilly & Co. v. Barr Labs., Inc., 251 F.3d 955, n.7 (Fed. Cir. 

2001) (rejecting the two-way test because continuation requests filed by the 

applicant showed that the delay in patent issuance “was not solely caused by the 

PTO”); In re Emert, 124 F.3d 1458, 1461 (Fed. Cir. 1997) (two-way test did not 

apply where actions taken by the applicant, including receiving “numerous time 
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extensions in various filings,” showed that the PTO “did not dictate the rate of 

prosecution”).  

a. The undisputed facts show that the PTO was not “solely responsible” 

for the delayed issuance of the patents-in-suit: Roche and Immunex unquestionably 

contributed to the fact that those patents issued after the ’225 patent.  Immunex 

obtained five extensions for the ’182 patent and seven extensions for the ’522 patent, 

adding at least 16 months and 18 months to the prosecutions of those patents, 

respectively.  Appx13764; Appx15932; Appx16236; Appx16720; Appx19824; 

Appx22240; Appx22488; Appx22493; Appx23047; Appx24076; Appx24421.  

Moreover, before Immunex took control of prosecution, Roche also sought 

numerous extensions for both the ’182 and ’522 patent applications, adding another 

year to their prosecutions.  Appx13046; Appx13058; Appx13087; Appx13108; 

Appx13397; Appx13416; Appx19580; Appx19607; Appx19761; Appx19778.  And 

between 1996 and 1998, Roche repeatedly ignored communications from the PTO 

regarding the ’182 patent, further delaying issuance.  Appx13056; Appx13076; 

Appx13096. 

Roche and Immunex also repeatedly amended the patent applications, which 

delayed their issuance.  As discussed, Immunex made radical changes following the 

2004 Agreement by shifting the focus of the claims from the p55 to the p75 receptor 

and amending the specifications.  See pp. 18-19, supra.  For example, in December 
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2004, Immunex filed an amendment that cancelled all pending claims of the ’522 

application, which Roche had prosecuted for a decade, in order to file amended 

claims related to the p75 receptor.  Appx19798-19802.  Likewise, in 2005, Immunex 

filed a series of amendments to the ’182 patent to add claims related to the p75 

receptor and then remove all references to the p55 receptor.  Appx13659; 

Appx13665-13669; Appx15931; Appx15933-15938.  Immunex also made 

substantial amendments to the patent specifications in 2006 and 2007 in an effort to 

add belated descriptions of etanercept.  See pp. 18-19, supra.   

The upshot of Immunex’s efforts was to render much of Roche’s previous 

decade of prosecution irrelevant, substantially delaying issuance.  Immunex’s 

contribution to the delay is underscored by the fact that Immunex did not add the 

asserted claims to the respective applications until late 2010—15 years after Roche 

filed the applications.  Appx 18227; Appx18234; Appx18778; Appx23323-23324; 

Appx23362; Appx2440. 

b. The district court’s decision to apply the two-way test focused almost 

exclusively on instances of delay that it concluded were attributable to the PTO.  

Appx80.  But even accepting the court’s findings as to those examples, they do not 

support applying the two-way test.  Unless the PTO was “solely responsible for any 

delays associated with [the] claims” asserted here, the one-way test applies.  

Hubbell, 709 F.3d at 1149 (emphasis added). 
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Although the district court purported to find “as a matter of fact” that the PTO 

“was solely responsible for the delay” in issuance of the patents-in-suit (Appx80), 

the court’s analysis reveals that it applied the wrong legal standard—so the factual 

findings that rest on that wrong legal standard are not entitled to deference.  Pullman-

Standard v. Swint, 456 U.S. 273, 287 (1982).  Specifically, the district court 

acknowledged that Roche and Immunex made “several … requests” for extensions, 

but it discounted those repeated extensions on the ground that they supposedly were 

made “in good faith.”  Appx80-81 (emphasis added).  But an applicant’s purported 

“good faith” is legally irrelevant.  The one-way test is not a sanction; it is the default 

rule that applies outside of the “unusual circumstance” in which the PTO alone is 

responsible for the fact that an earlier-filed patent issued after the reference patent.  

Janssen, 880 F.3d at 1325.   

In any event, the district court’s decision to apply the two-way test could not 

survive even clear-error review.  No possible view of the record supports a finding 

that Roche’s and Immunex’s actions and inactions during prosecution had nothing 

to do with the patents-in-suit issuing after the ’225 patent. 

2. The patents-in-suit are not patentably distinct from the ’225 
patent under the one-way test. 

Applying the one-way test resolves ODP as to the ’225 patent.  As noted, p. 9, 

supra, claim 1 of the ’225 patent recites methods of treating psoriasis by 

administering a therapeutically effective dose of etanercept.  Those claims would 
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have directed a skilled artisan to produce etanercept (Appx4131), thus rendering the 

asserted claims of the ’182 patent obvious.  Moreover, to produce etanercept, a 

skilled artisan would have taken all of the steps described in the asserted claims of 

the ’522 patent—i.e., performing the routine steps of culturing a host cell encoding 

the DNA for etanercept and purifying etanercept from parts of the cell.  Appx4133-

4134; Appx4110-4112.  Clear and convincing evidence thus establishes that the 

asserted claims of the patents-in-suit are obvious over claim 1 of the ’225 patent 

when the one-way test is applied.   

D. The asserted claims in the patents-in-suit are not patentably 
distinct from claim 3 of the ’690 patent. 

 Claim 3 of the ’690 patent covers a method of administering etanercept, and 

is thus not patentably distinct from the asserted claims of the patents-in-suit.   

Specifically, claim 3 recites “a method for lowering the levels of active TNF-

α in a mammal in need thereof which comprises administering to said mammal a 

TNF-lowering amount of a chimeric antibody comprising a TNFR comprising the 

sequence of amino acids 3-163 of SEQ ID NO:1 fused to the constant domain of an 

immunoglobulin molecule.”  Appx27320 (emphasis added).  That claim describes 

etanercept: the etanercept molecule fuses the extracellular region of the TNFR (“a 

TNFR comprising the sequence of amino acids 3-163 of SEQ ID NO:1”) to the 

hinge-CH2-CH3 region of IgG1 (the constant domain of an immunoglobulin 

molecule”).  Appx4105-4106, Appx4136-4137, Appx4145-4146.  
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 Below, both parties agreed that claim 3 covers a protein consisting of the 

extracellular region of the p75 receptor fused to a portion of a human IgG1.  So the 

only dispute concerns the proper construction of the phrase “fused to the constant 

domain.”  Immunex argued, and the district court agreed, that that phrase describes 

a protein in which the TNFR is fused to “a completely unchanged and unmodified 

constant region domain for the light chain and for the heavy chains.”  Appx5272 

(emphasis added).  That construction is incorrect.  

 “Claim interpretation requires the court to ascertain the meaning of the claim 

to one of ordinary skill in the art at the time of invention.”  SmithKline Beecham 

Corp. v. Apotex Corp., 403 F.3d 1331, 1338 (Fed. Cir. 2005).  “The intrinsic 

evidence, i.e., the patent itself, including the claims, the specification and, if in 

evidence, the prosecution history is the most significant source of the legally 

operative meaning of disputed claim language.”  Id. (quotation marks omitted).  

Here, evidence from the ’690 patent’s specification and prosecution history shows 

that the phrase “fused to the constant domain” in claim 3 covers the fusion of 

etanercept’s TNFR to the hinge-CH2-CH3 region of IgG1. 

1. First, consider the ’690 patent’s specification.  An interpretation of a 

patent’s claims that excludes “a preferred … embodiment in the specification … is 

rarely, if ever, correct.”  Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1583 

(Fed. Cir. 1996).  But that is precisely what the district court has done. 
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Figure 1 presents a schematic representation of a “recombinant human 

TNFR/Fc fusion protein.”  Appx27297-27298; Appx27304.  Both sides’ experts 

recognized that “[t]his Figure 1 … is etanercept”: it combines “the soluble portion, 

the extracellular domain of the p75 TNF receptor” with “the hinge-CH2 and CH3 

domain of a human IgG.”  Appx4137 (emphasis added); accord Appx5392.  A 

comparison of Figure 1 (Appx27297) to the schematic of etanercept in the district 

court’s opinion (Appx6) underscores the point: 

   

 The ’690 patent’s examples are of similar effect.  Example 2 describes the 

production of etanercept—referred to as a “TNFR/Fc fusion protein.”  Appx27310-

27311 (14:55-15:60); Appx4138; Appx5392-5393.  Example 4 describes the use of 

the p75 extracellular region and etanercept to suppress the effects of arthritic 

conditions, while Examples 5 and 6 describe further testing with just etanercept.  

Appx27312 (7:16-20:43); Appx4138-4139; Appx5393-5394. 
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Finally, the single paragraph in the ’690 patent specification that discusses a 

“chimeric antibody” describes etanercept: 

A recombinant chimeric antibody molecule may also be produced 
having TNFR sequences substituted for the variable domains of either 
or both of the immunoglobulin molecule heavy and light chains and 
having unmodified constant region domains…. One specific example 
of a TNFR/Fc fusion protein is disclosed in SEQ ID NO:3 and SEQ ID 
NO:4.  
 

Appx27307 (7:42–58).  As both parties’ experts confirmed, the TNFR/Fc fusion 

protein disclosed in SEQ ID NO:3 and SEQ ID NO: 4 is etanercept.  Appx4139; 

Appx5391. 

2. The prosecution history of the ’690 patent points in the same direction, 

though Plaintiffs’ expert failed even to consider it.  Appx5390.  The applicants 

amended their claims to specify that one example of a “chimeric antibody 

comprising a TNF receptor and the constant domain of an immunoglobulin 

molecule” (the phrase that now appears in claim 3) was a “soluble human TNFR is 

fused to the Fc region of the human immunoglobulin molecule”—i.e., etanercept.  

Appx10016; Appx10172; Appx10219.  Moreover, the applicants relied upon a 

declaration reporting clinical data from administering etanercept to demonstrate the 

utility of the claimed chimeric antibody.  Appx20223; Appx10236-10237; 

Appx10230-10252; Appx4139-4141.  At no point did the applicants disavow that 

the chimeric antibody includes etanercept. 
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3. The district court failed even to address the specification language and 

prosecution history discussed above.  See Appx76-77.  Instead, the court relied on a 

single fact: “the specification of the ’690 Patent describes a chimeric antibody as a 

molecule ‘having TNFR sequences substituted for the variable domains of either or 

both of the immunoglobulin heavy and light chains and having unmodified constant 

region domains.’”  Appx77 (quoting Appx27307). 

 But etanercept does have unmodified constant region domains: the molecule 

consists of a TNFR fused to the unmodified hinge-CH2-CH3 region of IgG1.  See 

pp. 7-8, supra.  According to the district court, that was not enough: each and every 

constant region domain (including CH1) must remain unmodified.  Appx76-77.  But 

that interpretation places more weight on a single passage in the specification—

“having unmodified constant region domains”—than it can reasonably bear.  

Considering the intrinsic record as a whole, the only reasonable interpretation is that 

the phrase requires some unmodified constant region domains.  Indeed, Plaintiff’s 

own expert conceded that he did not know whether the phrase “fused to the constant 

domain of an immunoglobulin molecule” precludes fusing the TNFR to the hinge-

CH2-CH3 portion of an immunoglobulin.  Appx5400-5401. 

 Thus, the district court erred in holding that Claim 3 of the ’690 patent does 

not cover etanercept.  That resolves the ODP analysis, because none of Immunex’s 

Case: 20-1037      Document: 48     Page: 60     Filed: 11/08/2019



 

47 

experts disputed the obviousness of the asserted claims under this construction of 

claim 3. 

II. The district court erred in concluding that the priority application 
disclosed possession of the claimed invention. 

The asserted claims, added by Immunex in 2010—15 years after Roche filed 

the priority application—are also invalid because they lack written-description 

support in “the original priority application.”  Novozymes, 723 F.3d at 1344.   

Roche did not have possession of etanercept.  It did not invent etanercept, 

never even made etanercept, and was never even able to clone the full p75 receptor.  

Roche’s application thus, unsurprisingly, did not describe etanercept—or any other 

fusion protein with the full p75 receptor. 

Immunex’s late-added etanercept claims survived only because the district 

court erroneously applied an obviousness framework to the written-description 

inquiry.  The court looked not to the invention actually disclosed, but to what might 

have been obvious to a skilled artisan in light of those disclosures—a far lower bar 

than what this Court’s law requires.  See Idenix Pharms. LLC v. Gilead Sci. Inc., 

2019 WL 5583543, at *8-10 (Fed. Cir. Oct. 30, 2019) (reversing the district court’s 

denial of JMOL on written description, where the court relied on obviousness-based 

arguments as a substitute for the specification’s failure to describe the compound 

claimed). 
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A. Standard of review. 

This Court reviews a district court’s “compliance with legal standards” de 

novo.  Veritas Technologies LLC v. Veeam Software Corp., 835 F.3d 1406, 1411 

(Fed. Cir. 2016).  In addition, “if a district court’s findings rest on an erroneous view 

of the law, they may be set aside on that basis.”  Pullman-Standard, 456 U.S. at 287.  

Absent legal error, whether a patent’s specification adequately demonstrates 

possession of the claimed subject matter is a question of fact, reviewed for clear 

error.  Ariad, 598 F.3d at 1351. 

B. The district court legally erred by repeatedly looking outside the 
“four corners of the specification.” 

The written-description requirement “limits patent protection to those who 

actually perform the difficult work of ‘invention’—that is, conceive of and complete 

the final invention.”  Billups-Rothenberg, Inc. v. Associated Reg’l & Univ. 

Pathologists, Inc., 642 F.3d 1031, 1036 (Fed. Cir. 2011).  A patent’s description of 

the invention “must clearly allow persons of ordinary skill in the art to recognize 

that the inventor invented what is claimed” by demonstrating “possession of the 

claimed subject matter as of the filing date.”  Ariad, 598 F.3d at 1351 (quotation 

marks and alterations omitted).  Holding the inventors to their originally-disclosed 

invention is particularly important for “claims added during prosecution” to ensure 

that they are not used to “expand the scope of [the] invention or to complete an idea.”  

Novozymes, 723 F.3d at 1343-44.   
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Moreover, because “the hallmark of written description is disclosure,” the 

written-description “test requires an objective inquiry into the four corners of the 

specification.”  Ariad, 598 F.3d at 1351.  “[A] description that merely renders the 

invention obvious does not satisfy the [written-description] requirement.”  Id. at 

1352.  Similarly, a description is not adequate simply because it is later possible, 

“[w]orking backward from a knowledge of the claims,” to put together “an amalgam 

of disclosures” that, “plucked selectively from the … application,” can be combined 

together and with the prior art to create the later-claimed invention.  Novozymes, 723 

F.3d at 1349.  Nor can a patentee expand an invention by initially disclosing a broad 

genus of compounds or characteristics, and then later claiming one species that is 

nowhere highlighted in the disclosure.  Instead, the original disclosure must include 

“blaze marks” leading from the genus to the later-claimed species.  E.g., Idenix, 2019 

WL 5583543, at *9.   

The district court’s decision flouts these basic principles.  Roche’s priority 

application never even identified each individual piece of the later-claimed 

etanercept fusion protein, let alone the “blaze marks” necessary to identify that 

particular protein.  The district court repeatedly used hindsight to piece together what 

Immunex ultimately claimed—not what the specification describes.  
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C. Roche’s priority application does not include written-description 
support for the etanercept-based claims Immunex later added.  

The asserted claims all require a fusion protein with two parts: the full 

extracellular region of the p75 receptor and specific portions of human IgG1, 

connected at a specific point.  The priority application therefore must disclose a 

fusion protein with those specific attributes.  But Roche’s priority application only 

discloses fusion proteins that include some receptor portion and some 

immunoglobulin portion.  Appx25091.  It does not describe the specific combination 

of elements that result in etanercept.   

1. The priority application described a fusion protein based on 
the truncated/mutated p75 DNA sequence disclosed in 
Figure 4, not the full p75 DNA sequence used in etanercept. 

a. The TNFR portion of the fusion proteins disclosed in Roche’s priority 

application was based on the DNA and amino-acid sequences disclosed in Figure 1 

and Figure 4.  Figure 1 discloses the p55 receptor.  Appx25084.  Figure 4 discloses 

the “[n]ucleotide sequence and deduced amino acid sequence for cDNA clones 

derived from 75/65 kD TNF-BP.”  Id. 

All of the TNFR portions of the fusion proteins in the priority application rest 

on these specific DNA and amino-acid sequences, and close variations thereof.  For 

instance, the application stated that its DNA coding for TNF-binding proteins should 

be “selected from the following: (a) DNA sequences as given Figure 1 or Figure 4 

as well as their complementary strands, or those which include these sequences.”  
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Appx25089.  The application also identified similar DNA sequences that 

“hybridize” with those in Figure 1 or Figure 4, or that “code for polypeptides having 

exactly the same amino acid sequence.”  Id.  It explained that the invention 

encompasses “those DNA sequences which result from deletions, substitutions and 

additions from one or more nucleotides of the sequences given in Figure 1 or Figure 

4.”  Appx25090.   

In discussing preferred embodiments, the specification again focused on 

Figures 1 and 4.  It stated that “preferred first of all [are] those DNA sequences which 

code for such a protein having an apparent molecular weight of about 55 kD, 

whereby the sequence given in Figure 1 is especially preferred”; fragments of the 

Figure 1 sequence could also be used.  Id.  The application then disclosed that 

“[t]here are also preferred DNA sequences which code for a protein of about 75/65 

kD, whereby those which contain the partial cDNA sequences shown in in Figure 4 

are preferred.”  Id.  The application never identified any DNA sequence—other than 

Figure 1 or 4, or close variants thereof—from which to draw the TNF-receptor 

portion of the fusion protein. 

There is no dispute that truncated/mutated Figure 4 is not the full sequence for 

the extracellular portion of the p75 receptor that Immunex ultimately claimed.  Most 

importantly, of the sequence of 235 amino acids that ultimately made part of the 

claimed fusion protein, the Figure 4 disclosure omits 20%—the first 48 amino 
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acids—which comprise the N-terminus of the p75 extracellular region as 

incorporated into etanercept.  Appx4454; Appx5037.  Figure 4 also omits the 22-

amino-acid signal sequence, which is essential to protein secretion.  Appx4453-

4454.  Moreover, Roche’s Figure 4 sequence includes different amino acids than the 

Smith sequence in three important positions, and includes one amino acid that is not 

in Smith.  Appx7004; Appx4456-4461.  Plaintiffs’ expert thus had to admit that the 

actual DNA or amino acid sequence ultimately used in the etanercept fusion protein 

Immunex later claimed “is not recited in the patent as a simple matter of fact.”  

Appx5054-5055. 

The closest the priority application comes to disclosing a fusion protein with 

the full p75 extracellular region is its vague reference to Smith.  Specifically, after 

discussing how the invention encompasses “deletions, substitutions and additions” 

from Figure 1 or Figure 4, the application stated that “[o]ne sequence which results 

from such a deletion is described, for example, in Science 248, 1019-1023, (1990),” 

i.e., Smith.  Appx25090.   

This vague reference to Smith as an example of a “deletion” from Figure 4 

does not come close to disclosing a fusion protein that incorporates that different 

sequence for the p75 receptor, rather than the sequence repeatedly referenced in the 

priority application itself.  Most importantly, the application does not incorporate 

Smith generally, or Smith’s full p75 sequence specifically.  It simply gives Smith as 
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an example of a “deletion.”  As Sandoz’s expert explained, Smith provides such an 

example because Roche’s Figure 4 sequence includes an alanine amino acid at 

residue 369 that the Smith sequence lacks.  Appx4460-4461.   

Plaintiffs’ expert disputed this explanation, but had to acknowledge that the 

priority application did not “incorporate Smith by reference,” and did not instruct a 

skilled artisan to “use Smith to complete the sequence of Figure 4.”  Appx5062-

5063.  Moreover, he agreed that if the Roche applicants had wanted to describe as 

their invention a fusion protein that included the p75 sequence in Smith—rather than 

the Figure 4 sequence that they possessed—“[n]othing stopped … the applicants 

from saying … our preferred sequence is Smith or we incorporate Smith by 

reference.”  Appx5064.  Ultimately, Plaintiffs’ expert described the priority 

application’s reference to Smith as an example of a deletion as “making no sense”: 

“I can’t make sense of it as it says because it’s on its face ridiculous.”  Appx5061-

5062.  The best he could do was to describe this reference as “refer[r]ing a person of 

skill in the art to Smith,” and identifying it as a “landmark paper” that a skilled 

artisan should “go and read.”  Appx5063; Appx5091-5092.  That is a far cry from 

describing a DNA sequence contained in Smith as part of Roche’s invented fusion 

protein.  At most, it would make such a protein-portion obvious, which is not the 

standard.  See Indenix, 2019 WL 5583543, at *10.   
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b. Roche characterized its invention as a fusion protein that used the 

Figure 4 sequence, rather than the sequence disclosed in Smith, as the TNFR portion.  

That was no accident—Roche knew it had described a sequence that was different 

than Smith, and chose to include its own as the basis for its fusion protein.  This is 

perhaps most clear from Roche’s prosecution of the ’029 patent, which was directed 

to the TNFR sequence disclosed in Figure 4.  See p. 11, supra.  During that 

prosecution, Roche distinguished its sequence from the prior-art Smith sequence 

precisely because its sequence was shorter and included important variations.  Roche 

told the PTO that the Smith sequence is “a cDNA sequence encoding a human  

TNF-R of about 80 kD, whereas applicants claim[ed] a purified and isolated 

polynucleotide encoding an insoluble protein which has an apparent molecular 

weight of about 75 kilodaltons.”  Appx31502-31503; see Appx31500.  Roche further 

distinguished its p75 receptor from Immunex’s full-length p75 receptor because 

Roche’s receptor contains the three amino-acid mutations and one extra amino acid 

described above.  Appx31501-31502. 

Roche’s decision to focus on the distinct Figure 4 sequence was perfectly 

understandable.  As explained, pp. 10-11, supra, Roche had failed to clone the full 

sequence disclosed in Smith, but had only identified smaller sequences, including 

the Figure 4 sequence and the much smaller SEQ IDs described in the priority 

application.  E.g., Appx4857.  Accordingly, in describing the “final invention” that 
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Roche “conceive[d] of and complete[d],” Billups-Rothenberg, 642 F.3d at 1036, 

Roche naturally focused on a fusion protein with the TNFRs that Roche itself had 

developed, which was not etanercept.  Indeed, when Roche needed etanercept—a 

fusion protein based on the full Smith sequence—for its own clinical trials, it had to 

ask Immunex for it.  Appx10611. 

Immunex itself evidently recognized that Roche had not described a fusion 

protein with the full p75 receptor sequence.  As explained, pp. 18-19, supra, after 

Immunex took over prosecution, it amended the specifications to reference 

Immunex’s own Smith publication—serving to highlight that Roche had failed to do 

just that in the priority application.  Most blatantly, Immunex amended the 

specification to add the Smith sequence as Figure 5 in what ultimately became the 

’522 patent; to state that Smith was “incorporated by reference” into that 

specification; and to reference, in both patent specifications, a 2006 plasmid deposit 

of the full sequence never mentioned in the priority application (because it took place 

a decade after the priority application was filed).  Appx22640-22641.  These 

amendments to the specification do not change the written-description analysis, 

which focuses on “the written description of the original priority application.”  

Novozymes, 723 F.3d at 1344 (emphasis added).  But they are highly revealing as to 

how Immunex itself read Roche’s specification: If Roche’s priority application 

already described an invention that encompassed a fusion protein with the Smith 
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sequence, Immunex would have had no need to amend the specification to 

incorporate that same sequence.  

c. Without even acknowledging many of Sandoz’s arguments, the district 

court found adequate written-description support largely by concluding that a skilled 

artisan could have deduced the later-added claims by combining the application’s 

disclosures with other prior-art references.  That obviousness-based approach to 

written description was legally and factually flawed. 

The district court most clearly went beyond the “four corners of the 

specification,” Ariad, 598 F.3d at 1351, in concluding that a skilled artisan could 

have uncovered the full p75 sequence based on two small fragments of that sequence 

described in the priority application as SEQ ID NO: 10 and SEQ ID NO: 7.  Appx14-

15; Appx18-19.  These two sequences disclose only 36 of the 235 amino acids that 

make up the full p75 sequence.  Appx18.  But the court nonetheless suggested that 

a skilled artisan could have taken these two sequences, submitted them to a third-

party depository, received back the full p75 sequence, and then used the extracellular 

portion of that sequence in the fusion protein instead of the Figure 4 sequence 

actually described.  Appx18-19.  The court held that this was enough to “sufficiently 

describe the subject fusion protein using the known full p75 sequence.”  Appx19. 

Even if a skilled artisan could have used these fragments to deduce the full 

p75 sequence in this way and then used that sequence in a fusion protein, at best that 
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would show that the priority application rendered the later-added claims directed to 

etanercept obvious, not that the application itself described a fusion protein that 

included the full p75 sequence.  Notably, Plaintiffs’ expert admitted that there is no 

teaching directing a skilled artisan to combine SEQ ID 10 and 7 together to get the 

p75 portion to use in a fusion protein.  Appx5070.   

The district court also relied heavily on the fact that the p75 amino acid 

sequence supposedly “was well known to a POSA at the time of the invention.”  

Appx16.  Again, that misses the point.  The written-description problem here is not 

that the art was silent on p75 sequences; it is that the priority application specified 

exactly what p75 sequence Roche had in its possession, which was the sequence 

Roche itself had discovered and described in Figure 4.  While the priority application 

did not need to “re-descri[be]” invoked and known prior-art concepts, Capon v. 

Eshhar, 418 F.3d 1349, 1357 (Fed. Cir. 2005), it cannot incorporate every un-

invoked prior-art concept related to the described invention; otherwise, this Court’s 

repeated instruction that the inquiry is limited to the “four corners of the 

specification” would have no meaning.  Ariad, 598 F.3d at 1351. 

Finally, the district court similarly missed the point in concluding that the 

specification’s reference to Smith as a “deletion” would not have “deterred” a skilled 

artisan from looking to Smith.  Appx17-18.  Merely looking to Smith is not enough.  

Rather, the passage describing Smith only as an example of a deletion made clear 

Case: 20-1037      Document: 48     Page: 71     Filed: 11/08/2019



 

58 

that (as Plaintiffs’ expert conceded) the Roche inventors were aware of Smith and 

yet were not incorporating Smith—or the DNA sequence it disclosed—as part of 

Roche’s invented fusion protein.  Appx5063.   

2. The priority application did not adequately demonstrate 
possession of the claimed p75-IgG1 fusion protein. 

Describing a broad genus of compounds is insufficient to provide written-

description support for a claim directed to a specific compound.  Rather, the original 

disclosure must provide enough direction to lead skilled artisans to “single out” the 

invention from the various alternatives discussed in the disclosure.  Purdue, 230 F.3d 

at 1326; see also Boston Sci. Corp. v. Johnson & Johnson, 647 F.3d 1353, 1367-68 

(Fed Cir. 2011).  As this Court explained, “one cannot disclose a forest in the original 

application, and then later pick a tree out of the forest and say here is my invention.  

In order to satisfy the written description requirement, the blaze marks directing the 

skilled artisan to that tree must be in the originally filed disclosure.”  Purdue, 230 

F.3d at 1326.  The district court’s decision flouts this basic principle. 

a. The priority application did not provide any indication that Roche had 

invented the specific p75-IgG1 fusion protein that Immunex later claimed.  First, it 

did not provide “blaze marks” suggesting that the Smith p75 sequence should be 

chosen for a fusion protein.  To the contrary, for a skilled artisan to arrive at a fusion 

protein with the Smith sequence, she would have had to ignore the Figure 4 sequence 

repeatedly identified in the specification as “preferred”; ignore Examples 1-8 that 
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use Figure 4; and select the never-referenced full Smith sequence, even though many 

other soluble fragments of that sequence would have bound TNF.   

Second, after selecting the Smith sequence, a skilled artisan would have had 

to select both IgG1 and the exon-encoded version of the hinge.  The specification 

mentioned 5 different immunoglobulin classes, associated with a wide range of 

potential hinges.  Appx4483-4484.  Indeed, Immunex argued below that “[a] POSA 

selecting an IgG would not have selected an exon-encoded hinge-CH2-CH3 of 

IgG1.”  Appx60334.  Thus, even if the IgG1 and the exon-encoded hinge were 

described as possible options within the broad genus of fusion proteins disclosed, 

the priority application provided no “blaze marks” that would have led a skilled 

artisan to their selection. 

Third, to the extent the priority application provided blaze marks, they went 

to different proteins than etanercept.  Example 11, the only example in the priority 

application directed to making a fusion protein, is directed to a p55-IgG3 protein.  As 

one of the Roche inventors admitted, a skilled artisan would need to alter the 

Example 11 method in many ways to make a p75-IgG1 protein.  Appx4844-4845; 

see also Appx4495-4497. 

b. The district court’s discussion of Roche’s possession of Immunex’s 

later-claimed fusion protein ignored these governing legal principles and 

impermissibly relied on “hindsight,” “working backward from a knowledge of [the 
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claims] … to derive written description support from an amalgam of disclosures 

plucked selectively from the application.”  Novozymes, 723 F.3d at 1349. 

Most blatantly, the district court relied on the claims themselves as evidence 

of the required “blaze marks.”  For instance, in discussing why Example 11 provided 

written-description support, the court stated that a skilled artisan would have 

modified that example to use p75 to create etanercept “based on the claims in the 

Patents-in-Suit and the specification.”  Appx20 (emphasis added).  The court 

similarly found possession because “the claim language identifies the requisite 

elements of the subject invention …. and, in conjunction with the specification, 

provides support of possession.”  Appx21 (emphasis added).  And the district court’s 

ultimate finding of possession was “based on the specifications …, including the 

examples within the specifications, and the claims.”  Appx22 (emphasis added). 

This repeated reliance on the claims themselves as written-description support 

is a flagrant use of improper hindsight.  This Court held in Ariad that even claims in 

the original application need their own written-description support.  598 F.3d at 

1349.  Using claims added many years after the original disclosure to demonstrate 

possession is even more impermissible.  E.g., Purdue, 230 F.3d at 1326-27. 
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III. The district court’s obviousness analysis was infected by legal error. 

A. Standard of review. 

“[W]hether a claimed invention would have been obvious is a question of law 

reviewed de novo.”  Bayer Pharma AG v. Watson Labs, Inc., 874 F.3d 1316, 1321 

(Fed. Cir. 2017).   

B. The district court’s motivation analysis disregarded the asserted 
claims’ objective reach and instead focused on the inventors’ 
motivation. 

As of the priority date, the components of etanercept were well known and 

actively studied.  The district court found that the prior art taught the DNA sequences 

of the p75 receptor and hinge-CH2-CH3 of the IgG1, both of which are required to 

construct etanercept.  Appx16, Appx20, Appx26.  The court also found that a skilled 

artisan could construct etanercept and would reasonably expect etanercept to bind 

TNF.  Appx26; Appx49.  The court nevertheless held that the asserted claims were 

nonobvious because a skilled artisan would not have been motivated to either select 

the p75 receptor or combine it with an immunoglobulin based on a concern that it 

could stimulate inflammation and thus would be ineffective to treat inflammatory 

conditions like rheumatoid arthritis.3   

                                           
3 See, e.g., Appx32-39 (addressing only whether a skilled artisan, seeking to treat 
rheumatoid arthritis or another pro-inflammatory disease, would be motivated to 
select the p75 receptor and IgGs), Appx40 (“[T]he prior art … taught that Ig fusion 
proteins activated effector functions leading to inflammation in the body.… Given 
this prior art, a POSA would have expected a fusion protein combining TNFR and 
IgG1 to lead to autoimmune damage caused by effector functions.”); Appx41 (“[T]he 
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That was legal error: the asserted claims are not directed to the treatment of 

any disease or condition, let alone rheumatoid arthritis or other inflammatory 

conditions.  The sole limitation requiring any specific activity is contained in the 

asserted claims of the ’182 patent, which only require the construct to “specifically 

bind TNF”—a function that, without dispute, a person of skill would have fully 

expected the claimed TNFR/IgG fusion protein to produce.  Appx48-49.  Indeed, the 

specification does not even mention rheumatoid arthritis, nor does it contain any data 

concerning the treatment of any disease.   

By nonetheless centering its analysis on whether a skilled artisan would have 

been motivated to develop etanercept as an autoimmune-disease treatment, the 

district court adopted a “narrow conception of the obviousness inquiry” that 

precedent rejects.  KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 419 (2007).  

“[N]either the particular motivation nor the avowed purpose of the patentee controls. 

What matters is the objective reach of the claim.”  Id. 

                                           
prior art actually taught away from using an Ig fusion protein, such as the one 
proposed in Smith ’760, to treat auto-immune diseases because such a construct 
would have likely elicited an inflammatory response in the body.”); Appx44-45 (a 
skilled artisan would have disregard the prior-art’s teaching to modify the Smith 
’760 protein by removing the CH1 and light chains, because the prior art would have 
“dissuaded a POSA from making these modifications … based on their proven 
increase in effector functions,” which could increase inflammation). 
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Narrowing the motivation inquiry to exclude the full scope of the claim is 

reversible error here because the district court ignored the undisputed evidence that 

several groups working in the field at the time were making TNFR/IgG fusion 

proteins.  Appx4176-4177; Appx4155-4156; Appx5170-5171; see Appx10602; 

Appx28205; Appx28199.  Moreover, it was undisputed that TNFRs and TNFR/IgG 

fusion proteins were considered useful, not just as potential therapeutic compounds, 

but, importantly, as potential diagnostic and research tools.  Appx4161-4162; 

Appx4832; Appx28349.  Yet the district court did not address these potential uses, 

instead focusing exclusively on whether a person of skill would be motivated to 

make a TNFR/IgG fusion protein to treat autoimmune diseases.  That is a glaring 

error.  See Nalpropion Pharms., Inc. v. Actavis Labs., FL, Inc., 934 F.3d 1344, 1354 

(Fed. Cir. 2019) (rejecting patentee’s motivation argument that contradicted “[t]he 

inescapable, real-world fact … that people of skill in the art did combine” two 

medical treatments). 

C. The district court’s analysis of secondary considerations was 
legally erroneous. 

The district court also committed legal error in its decision on certain objective 

indicia of nonobviousness—specifically on praise, “clinical success,” long-felt need, 

and failure of others—by incorrectly analyzing the required nexus between the 

claims and these asserted objective indicia.  Appx52; Appx54.  The court then 

compounded that legal error by improperly dismissing the evidence of Immunex’s 
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simultaneous invention of etanercept (Appx57-58), resulting in a peculiar ruling that 

evidence of Immunex’s success led to a finding of failure of others, when in fact 

Immunex—an “other”—succeeded where the inventors actually failed. 

“For objective evidence to be accorded substantial weight, its proponent must 

establish a nexus between the evidence and the merits of the claimed invention.”  In 

re GPAC Inc., 57 F.3d 1573, 1580 (Fed. Cir. 1995).  Where objective evidence 

relates to “something other than what is both claimed and novel in the claim, there 

is no nexus to the merits of the claimed invention.”  Merck & Cie v. Gnosis S.P.A., 

808 F.3d 829, 837 (Fed. Cir. 2015). 

Most particularly, the court failed to consider earlier patents claiming 

etanercept, including the ’690 patent, and to define what was novel about the patents-

in-suit compared to those earlier patents.  With no evidence that objective indicia are 

“a result of the novel features in the … patent[s], as opposed to the other patents 

involved,” any such indicia are “not sufficiently connected with the novel elements 

of the asserted claims” and thus “carry little weight.”  Id. at 838-39. 

The court further legally erred in dismissing the evidence of simultaneous 

invention, especially by Immunex.  Appx56-58.  In fact, only Immunex combined 

the specific pieces set forth in the claims—the inventors never did.  All the benefits 

etanercept allegedly offered were attributable to Immunex’s work, and Immunex’s 

patents.  The court misread this Court’s cases to establish a rule that one instance of 

Case: 20-1037      Document: 48     Page: 78     Filed: 11/08/2019



 

65 

simultaneous invention is insufficient.  Appx58.  In the case cited, the alleged 

simultaneous inventors had collaborated on or seen the patented invention.  

Lindemann Maschinenfabrik GmbH v. Am. Hoist & Derrick Co., 730 F.2d 1452, 

1460 (Fed. Cir. 1984).  Here, by contrast, Immunex invented etanercept 

independently of the inventors. 

Likewise, the court legally erred in concluding that there was a “failure of 

others,” while relying on the work of others—i.e., Immunex—and ignoring the 

failure of the Roche inventors.  Appx53-54. 

CONCLUSION 

This Court should reverse the district court’s decision and hold that the 

asserted claims of the patents-in-suit are invalid. 
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UNITED STATES DISTRICT COURT 
DISTRICT OF NEW JERSEY 

IMMUNEX CORP., et al., 
Civil Action No.: 16-1118 (CCC) 

OPINION 
v. 

SANDOZ INC., et al. 

CECCHI, District Judge. 

This patent case was brought by Plaintiffs Immunex Corporation ("Immunex"), Amgen 

Manufacturing, Limited ("Amgen"), and Hoffman-La Roche, Inc. ("Roche") (collectively, 

"Plaintiffs") against Defendants Sandoz Inc., Sandoz International GmbH and Sandoz GmbH 

( collectively, "Defendants"). Specifically, this action relates to the validity of claims 11-12 and 

35-36 of U.S. Patent No. 8,063,182, which covers the fusion protein etanercept, the active 

ingredient in Immunex's product Enbrel® (Joint Trial Exhibit ("JTX")-1 1 ("the '182 Patent")), 

and claims 3, 8, and 10 of U.S. Patent No. 8,163,522, which covers Enbrel®'s method of 

manufacture (JTX-2 ("the '522 Patent")) (collectively, the asserted claims of the "Patents-in

Suit"). See ECF No. 18 , 9. Enbrel® is a brand name biologic drug primarily used to treat 

rheumatoid arthritis. Id. ,, 43, 45; ECF No. 688 at 11 , 38. 

The Court held a two-week bench trial in this matter that began on September 11, 2018 and 

concluded on September 25, 2018. ECF Nos. 621-622, 627, 629-635. The parties submitted post

trial briefing and proposed findings of fact and conclusions of law through early November 2018. 

ECF Nos. 648 (corrected at 651-2 ("PFOF")), 647 (corrected at 649-2 and subsequently corrected 

at 650-1 ("DFOF")), 645 (corrected at 651-1 ("Pls. Br.")), 646 (corrected at 649-1 and 

1 JTX refers to the joint trial exhibits submitted by the parties. These exhibits have been mutually 
agreed to as admissible. 
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subsequently corrected at 650-2 ("Defs. Br.")). On November 6, 2018, the parties submitted 

response briefs. ECF Nos. 653 ("Pis. Reply Br."), 652 ("Defs. Reply Br."). Closing arguments 

were held on November 19, 2018. ECF No. 656. 

Enbrel® is the first U.S. Food and Drug Administration ("FDA") approved fusion protein, 

approved in November 1998. PFOF ,i,i 8, 10; DFOF ,i 12. In August 2016, the FDA approved 

Defendants' biosimilar version of Enbrel®, called Erelzi™. PFOF ,i 11; ECF No. 688 at 11 ,i,i 41-

43. Defendants do not contest infringement of the '182 Patent or the '522 Patent. ECF No. 619; 

PFOF ,i 16. Therefore, the issue left for this Court to decide is whether the Patents-in-Suit are 

invalid based on the following legal principles: (1) lack of written description and enablement; 

(2) obviousness; and (3) obviousness-type double patenting. 

This Opinion constitutes the Court's findings of fact and conclusions of law pursuant to 

Federal Rule of Civil Procedure 52(a). The findings of fact are based on the Court's observations 

and credibility determinations of the witnesses who testified, and a thorough review of all the 

evidence admitted at trial. While the Court has reviewed all of the evidence presented, given the 

length of the trial record, the Court includes references only to the evidence most pertinent to its 

analysis. For the reasons set forth below, the Court finds that the Patents-in-Suit are not invalid. 

I. BACKGROUND 

A. Parties 

Plaintiff Roche was the first to file the patent applications that eventually issued as the 

Patents-in-Suit. PFOF ,i 51. Thereafter, Plaintiffs Amgen and Irnmunex obtained certain rights 

from Roche pertaining to the Patents-in-Suit, pursuant to an agreement called the Accord and 

Satisfaction, which included the right to take over the prosecution of the relevant patent 

applications and the right to commence an infringement action. JTX-12. Plaintiff Roche is a New 

Jersey corporation with its principal place of business in New Jersey. ECF No. 18 ,i 3. Plaintiff 

2 
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Irnmunex is a Washington corporation with its principal place of business in California and is a 

wholly owned subsidiary of non-party Amgen Inc. Id. 1 1. Plaintiff Amgen is a corporation of 

the Territory of Bermuda with its principal place of business in Puerto Rico and is also a wholly 

owned subsidiary of non-party Amgen Inc. Id. 1 2. 

Defendant Sandoz Inc. is a Colorado corporation with its principal place of business in 

New Jersey. Id. 1 4. Defendant Sandoz International GmbH is a German corporation with its 

principal place of business in Germany. Defendant Sandoz GmbH is an Austrian corporation with 

its principal place of business in Austria and is a subsidiary of Sandoz International GmbH. Id. 11 

6-7. Sandoz Inc. is the United States agent for Defendants Sandoz International GmbH and Sandoz 

GmbH. Id. 1 4. All parties are in the business of developing, manufacturing, marketing, and 

selling biopharmaceutical products. Id. 

B. Background of the Invention 

The active ingredient in the biopharmaceutical drug at issue in this case is a fusion protein 

known as etanercept that is made by combining the extracellular region of a 75 kilodalton Human 

Tumor Necrosis Factor Receptor with a portion of an IgGl immunoglobulin. This section will 

first provide the scientific background of the claimed invention, by explaining each component 

and its purpose. Next, the Court will provide the relevant research and patent history for the 

Patents-in-Suit. 

1. Scientific Background 

Rheumatoid arthritis is an inflammatory auto-immune disease, i.e. a disease which occurs 

when "an overactive immune system attacks an individual's own body," and causes bone erosion, 

narrowing of joint space, and irreversible joint damage. PFOF 11 32-33. One way to treat 

rheumatoid arthritis is to "dampen the immune system" and to "inhibit inflammatory reactions." 

Id. 1147-48. The immune system is made up of various cells and antibodies that protect the body 

3 
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from foreign invaders. Id. ,r 23. Antibodies have two primary functions: to bind foreign 

substances known as antigens, and to recruit other immune system components to attack antigens. 

Id. There are many classes and subclasses of the antibody immunoglobulin or "lg", of which IgG 

is one such class. Id. ,r,r 99, 158. There are four subclasses of human IgG: IgGl, IgG2, IgG3, and 

IgG4. Id. 

IgG is a protein, and proteins are made up of "amino acid residues connected in a strand 

called a 'polypeptide,' which folds into a three-dimensional shape that imparts certain structural 

and functional characteristics." Id. ,r 20. Scientists can identify protein sequences based on the 

order of amino acids in the protein, with the beginning portion of the sequence referred to as the 

"N-terminus" and the end portion referred to as the "C-terminus." Id. ,r,r 21-22. 

Structurally, an lgG protein, pictured below, consists of two heavy chains and two light 

chains, and each chain contains variable and constant regions. Id. ,r 24. The constant region is the 

portion that interacts with other components of the immune system to elicit a response. Id. The 

heavy chain constant region includes the CH 1, the hinge, CH2, and CH3 domains while the light 

chain constant region consists of the CL domain. Id. The variable region of each chain, labeled 

here as VH and VL, is what binds to the antigen. Id. 

4 
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DFOF,r 208. 

Another component of the immune system, called a cytokine, is a messenger protein that 

has a wide variety of functions, including to initiate an immune response. PFOF ,r 27. The body 

makes dozens of distinct cytokines, one of which is the Human Tumor Necrosis Factor ("TNF"). 

Id. ,r,r 27-29. TNF can be found in an insoluble (membrane-bound) or soluble (free-flowing) form. 

Id. ,r 28. Originally discovered to kill tumor cells, TNF has many functions and by August 1990, 

scientists associated it with inflammatory diseases, such as rheumatoid arthritis. Id. ,r,r 28-33. 

TNF plays a significant role in auto-immune disorders. Id. TNF binds to certain proteins 

called TNF receptors ("TNFRs") that extend beyond the outer membrane of a cell. Id. ,r 30. 

TNFRs have three regions: intracellular, transmembrane, and extracellular. Id. The extracellular 

portion of the TNFR, which is the portion that "protrudes outside the cell," can be split off to 

produce a "soluble" fragment of the TNFR that can bind to TNF. Id. ,i,r 30, 76. Two types of 

TNFRs have been identified, one that has a molecular weight of approximately 55 kilodaltons 

("p55 TNFR" or "p55") and one with a molecular weight of approximately 75 kilodaltons ("p75 

TNFR" or "p75"). Id. ,i,r 36-38. 

5 
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Etanercept, the active ingredient in the biopharmaceutical drug Enbrel® at issue here, is a 

fusion protein that combines the extracellular region of a p75 TNFR with an IgGl. Id. ,I 9. "A 

fusion protein is made by combining DNA sequences encoding parts of different proteins into one 

sequence, introducing that sequence into host cells, and using their natural internal machinery to 

produce the desired fusion protein." Id. ,I 19. Specifically, etanercept is a "dimeric fusion protein 

consisting of the extracellular region of the p75 TNF receptor" which, as the parties have 

stipulated, is "fused to the exon-encoded 'hinge-CH2-CH3' of the constant region of a human 

IgGl antibody heavy chain." Id. ,I 9; DFOF ,I 93; ECF No. 688 at 20 ,I 68. Etanercept works by 

binding to and neutralizing excess TNF in patients with rheumatoid arthritis, thereby reducing the 

auto-immune inflammatory response. PFOF ,I 244. The graphic below depicts images of a p75 

TNFR and an IgG 1 on the left-hand side and etanercept on the right-hand side. The Patents-in-Suit 

cover etanercept and the method of making etanercept. Id. ,I 76. 

+ --
p7STNFR IgGl lmmunoglobulin Itanercept 

DFOF ,I,I 208, 214. 
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2. Research and Patent History 

By 1990, "there was a high level of interest in studying TNF and investigating whether 

targeting TNF with a TNF-binding protein would provide a therapeutic benefit by inhibiting the 

binding of TNF to its cell-bound receptors." DFOF ,, 1, 14. At that time, scientific evidence 

pointed to at least two TNFRs expressed by the human body: p55 and p75 TNFR. PFOF ,, 37-

38; DFOF , 2. In April 1990, researchers at Roche (the "Roche Inventors"2
) published the 

complete amino acid sequences for the p55 TNFR and the cDNAs3 encoding it. PFOF, 39; DFOF 

,, 15, 16; JTX-21 at 1. In May 1990, Immunex published an article containing the complete amino 

acid sequence for p75 and therein stated that the researchers isolated a cDNA clone of the receptor. 

PFOF, 40; Smith, C.A., et. al., A Receptor for Tumor Necrosis Factor Defines an Unusual Family 

of Cellular and Viral Proteins, Science 248: 1019-23 (1990) (JTX-24) ("Smith 1990"); DFOF, 

4. Several months later in July 1990, the Roche Inventors published the complete amino acid 

sequence for the p75 TNFR and part of its encoding cDNA. PFOF, 39; Dembic, Z. et al., Two 

Human TNF Receptors Have Similar Extracellular, But Distinct Intracellular, Domain Sequences, 

Cytokine 2(4): 231-37 (1990) (JTX-23) ("Dembic 1990"); DFOF, 30. 

Around the same time that the Roche Inventors were publishing studies on the amino acid 

sequences in p55 and p75 TNFR, they were also exploring the possibility of TNFR-Ig fusion 

proteins. PFOF , 46. The Roche Inventors were ultimately successful in creating fusion proteins 

using both p55 and p75 TNFRs. Id., 49. The initial fusion protein used an IgG3 immunoglobulin, 

2 The Roche Inventors were Manfred Brockhaus, Reiner Gentz, Zlatko Dembic, Werner Lesslauer, 
Hansruedi Lotscher, and Ernst-Jurgen Schlaeger. 
3 "cDNA" stands for complementary DNA. The Roche Inventors converted amino acid peptide 
sequences into DNA sequences and used those DNA sequences as probes to create primers that 
would allow the Roche Inventors to "fish" out cDNAs encoding TNF receptors out of a cDNA 
library. PFOF ,, 38-39; DFOF ,, 15-16. 
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however the Roche Inventors' "pathway of experimental work leading to a 1NFR fusion protein" 

also contemplated fusion proteins with IgG 1 and IgG2 immunoglobulins. Id. ,i,i 50, 58-68. 

On August 31, 1990, the Roche Inventors filed a patent application in Europe bearing 

Application No. 90116707 ("EP '707 Application") and on September 13, 1990, they filed a U.S. 

Patent with Application No. 07/580,013 ('"O 13 Application"). Id. ,i 51. The Patents-in-Suit claim 

the benefit of the '013 Application and priority to the European '707 Application. Id. The Patents

in-Suit, as well as the EP '707 Application and the '013 Application, encompass a p75 TNFR

IgG 1 fusion protein, but because the parties differ in their assessments of the patent specifications 

and validity of the claimed invention, further details on the Patents-in-Suit will be discussed below. 

Id. iJiJ 50-53; DFOF ,i,i 36-37. 

C. Patents-in-Suit and Relevant Prosecution History 

1. The '182 Patent 

The '182 Patent, entitled "Human 1NF Receptor Fusion Protein," issued on November 22, 

2011 and expires on November 22, 2028. PFOF ,i 74; DFOF ,i 83. The asserted claims "define a 

fusion protein consisting of parts of two different proteins: the extracellular region of p75 fused 

to all of the domains of the human IgG I constant region other than the first domain." PFOF ,i,i 

74-76; see also' 182 Patent (JTX-1) col. 39:60-67, 42:26-34. 

The initial '013 Application was abandoned, and U.S. Application No. 08/965,640 ("'640 

Application") was filed on July 21, 1993 as a continuation. PFOF ,i 57; DFOF ,i,i 38-39. The '640 

Application was subject to a restriction requirement by the United States Patent and Trademark 

Office ("USPTO") and in response Roche elected to pursue claims related to the p55 fusion 

protein, which issued as U.S. Patent No. 5,610,279 ("'279 Patent") on March 11, 1997. PFOF ,i 

57; DFOF ,i,i 39-40; ECF No. 688 at 6 ,i 9. As a result of the restriction, Roche then filed two 

divisional applications on May 19, 1995: U.S. Application No. 08/444,790 ("'790 Application"), 
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which issued as the '182 Patent, and U.S. Application No. 08/444,791 (the '791 Application"), 

which issued as the '522 Patent. See PFOF, 57; DFOF, 41. 

Divisional 

I 
'790 Application 

'182 Patent 
Patent-in-Suit 

'640 Application 

'279 Patent 
Parent Application of Pntents-in-Suit 

Claiming a Fusion Prorei11 Relating 
rop55 TNFR 

I 
I 

Divisional 
I 

'791 Application 

'522 Patent 
Patent-in-Suit 

Claiming a F11sio11 Protein Relating 
topi5 TNFR 

Claiming a Method of Producing a 
F11sio11 Prorei11 RPlating 10 p75 TNFR 

In 2004, prior to issuance of the '182 Patent, Amgen and Immunex acquired the exclusive 

right to prosecute the Patents-in-Suit, among other rights, from Roche pursuant to an Accord and 

Satisfaction between non-party Amgen Inc., Immunex, and Roche. JTX-12 at 4-6, Article 3, ,, 

3 .1-3 .6; see also PFOF, 34; DFOF ,, 54, 58, 62. Those rights were later consolidated in Immunex 

by a separate agreement. JTX-14. In 2005, Immunex amended the '790 Application in response 

to a USPTO office action requiring the '790 Application to come into consonance with the 

restriction requirement. PFOF, 285; DFOF, 73. The '790 Application was again amended in 

2006. PFOF, 144; DFOF, 74. Despite the amendments, the '790 Application was rejected "for 

failing to comply with the written description requirement and as obvious over the applied prior 

art," and the rejection was appealed to the Board of Patent Appeals and Interferences ("BPAI"). 

Plaintiffs' Trial Exhibit ("PTX")-6.456 ("BPAI Opinion"). The BPAI reversed the examiner's 

rejection. PTX-6.456 at 9 (BPAI Opinion reversing rejection by examiner). The '182 Patent then 

issued on November 22, 2011. See generally' 182 Patent (JTX-1). 

9 

Case: 20-1037      Document: 48     Page: 90     Filed: 11/08/2019



Case 2:16-cv-01118-CCC-MF   Document 689   Filed 08/09/19   Page 10 of 85 PageID: 22122

Appx10

2. The '522 Patent 

The '522 Patent, entitled "Human TNF Receptor," issued on April 24, 2012 and expires on 

April 24, 2029. PFOF ,r 74; DFOF ,r 83. The asserted claims "define a method of producing [the] 

fusion protein" defined in the '182 Patent. '522 Patent (JTX-2) at 47-48 (claims 3, 8, 10); PFOF 

,r 75. The '522 Patent issued from the '791 Application, which was filed on May 19, 1995 as a 

divisional of the '640 Application, along with the '790 Application which issued as the' 182 Patent. 

PFOF ,r 57; DFOF ,r 48. 

Prior to the '522 Patent's issuance, Amgen and Immunex amended the '791 Application in 

2004, 2007, and 2010 to include several references related to the full amino acid sequence for p75. 

See, e.g., '522 Patent{JTX-2) col. 3:1-3, Fig. 5; DFOF,r,r 78-80. Like the amendments to the '182 

Patent, these amendments were triggered by two USPTO actions, which rejected the '791 

application for obviousness and insufficient written description. PTX-7.351. Despite the 

amendments, the '791 Application was still rejected, and that rejection was eventually overcome 

by citing the '790 Application BPAI Opinion which dealt with similar issues. PFOF ,r 323; JTX-

4 at 4952-53. The '522 Patent then issued on April 24, 2012. See generally '522 Patent {JTX-2). 

II. ISSUES TO BE DECIDED 

Prior to the commencement of trial, Defendants advised that they did not contest 

infringement of the Patents-in-Suit. ECF No. 619. As discussed above, the parties also stipulated 

that the term "all of the domains of the constant region of a human immunoglobulin lgG[ 1] heavy 

chain other than the first domain of said constant region" is construed as meaning "the exon

encoded 'hinge-CH2-CH3' region of human [IgG/lgGl]." ECF No. 688 at 20 ,r 68. Accordingly, 

the question before this Court is whether the ' 182 and '522 Patents are invalid due to lack of written 

description and enablement, obviousness, and obviousness-type double patenting. 
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III. DISCUSSION 

Issued patents are presumed valid. See 35 U.S.C. § 282(a). To rebut this presumption, 

Defendants bear the burden of proving invalidity by clear and convincing evidence. Titan Tire 

Corp. v. Case New Holland, Inc., 566 F.3d 1372, 1376 (Fed. Cir. 2009) ("Because of this 

presumption, an alleged infringer who raises invalidity as an affirmative defense has the ultimate 

burden of persuasion to prove invalidity by clear and convincing evidence, as well as the initial 

burden of going forward with evidence to support its invalidity allegation."). 

A. Written Description and Enablement (35 U.S.C. § 112) 

A patent specification "shall contain a written description of the invention." 35 U.S.C. 

§ 112. The specification must "reasonably convey[] to those skilled in the art that the inventor 

had possession of the claimed subject matter as of the filing date." Ariad Pharm. Inc. v. Eli Lilly 

& Co., 598 F.3d 1336, 1351 (Fed. Cir. 2010). The test for written description "requires an 

objective inquiry into the four comers of the specification from the perspective of a person of 

ordinary skill in the art.',4 Id. "[W]hether a patent complies with the written description 

requirement will necessarily vary depending on the context. Specifically, the level of detail 

required ... varies depending on the nature and scope of the claims and on the complexity and 

predictability of the relevant technology." Id. (citation omitted). When reviewing the patent 

according to these principles, "[ w ]ritten description is a question of fact, judged from the 

perspective of [a POSA] as of the relevant filing date." Falko-Gunter Falkner v. Inglis, 448 F.3d 

1357, 1363 (Fed. Cir. 2006) (citing Vas-Gath, Inc. v. Mahurkar, 935 F.2d 1555, 1563-64 (Fed. 

Cir. 1991)). 

4 A person of ordinary skill in the art will hereinafter be referred to as a "POSA." 
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Additionally, as to enablement, a patent specification must describe "the manner and 

process of making and using [the invention], in such full, clear, concise, and exact terms as to 

enable any person skilled in the art to which it pertains ... to make and use the same .... " 35 

U.S.C. § 112. Moreover, enablement requires that the specification teach a POSA "how to make 

and use the full scope of the claimed invention without undue experimentation." MartekBioscis. 

Corp. v. Nutrinova, Inc., 579 F.3d 1363, 1378 (Fed. Cir. 2009) (citation omitted). A patentee 

need not "include in the specification that which is already known and available to [a POSA]" 

and "not every last detail is to be described, else patent specifications would turn into production 

specifications, which they were never intended to be." Koito Mfg. Co. v. Turn-Key-Tech, LLC, 

381 F.3d 1142, 1156 (Fed. Cir. 2004) (citation omitted). "Enablement is a question of law 

involving underlying factual inquiries." Falkner, 448 F.3d at 1363 (citing Genentech, Inc. v. 

NovoNordiskA/S, 108 F.3d 1361, 1365 (Fed. Cir. 1997),Jn re Wands, 858 F.2d 731,737 (Fed. 

Cir. 1988)). 

Defendants argue that the Patents-in-Suit are invalid because their specifications (1) lack a 

sufficient written description of the invention and (2) do not enable a POSA to make or use the 

invention. Defs. Br. at 20-35. By contrast, Plaintiffs contend that the specifications are adequate, 

and that Defendants failed to prove their written description or enablement claims by clear and 

convincing evidence. Pls. Br. at 12-21. 

In support of their arguments, the parties relied heavily on the testimony of the following 

four witnesses: (1) Defendants' expert Daniel Capon, Ph.D., (2) Defendants' expert Carl P. 

Blobel, M.D., Ph.D., (3) Plaintiffs' expert James Naismith, Ph.D, and (4) Plaintiffs' expert 

Hansruedi Loetscher, Ph.D.5 For the reasons set forth below, the Court finds that Defendants 

5 Defendants' expert Daniel Capon, Ph.D. has 37 years of experience in the field of biotechnology, 
including at Genentech, Inc., Cell Genesys, Inc., Xenotech, Inc., and ViroLogic, Inc. Defendants' 
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failed to prove invalidity based on the written description and enablement requirements by clear 

and convincing evidence, and therefore the Patents-in-Suit are not invalid under 35 U.S.C. § 112. 

1. The Specifications Meet the Written Description Requirement 

Defendants argue that the specifications are deficient because they neither sufficiently 

describe etanercept nor convey that the Roche Inventors had possession of etanercept, and that 

further, the specifications in conjunction with the claims do not direct a POSA to the specific 

embodiment of etanercept. Defs. Br. at 20-32. Plaintiffs counter that the necessary elements of 

the claimed invention are adequately described throughout the specifications, were known and 

available prior to August of 1990, and that the specifications adequately describe the novel 

combination of those elements to create etanercept. Pis. Br. at 13-21. Therefore, Plaintiffs 

contend that the specifications demonstrate possession and the patents properly direct a POSA to 

etanercept. Id. 

The '182 Patent claims a fusion protein consisting of the extracellular portion of the p75, 

as well as the exon-encoded hinge, CH2 and CH3 domains of human IgG 1, while the '522 Patent 

claims the method of making the fusion protein. '182 Patent (JTX-1) col. 39:14- 42:34; 9/18 AM 

(Naismith) Tr. at 89:2-12, 91:8-14; '522 Patent(JTX-2) col. 45:44-48:4. The patent specifications 

of the '182 and '522 Patents identify soluble fragments ofp75 TNFR as one of two TNF binding 

expert Carl P. Blobel, M.D., Ph.D. is a Professor of Medicine, Physiology, and Biophysics at the 
Weil Medical College of Cornell University and Virginia F. and William R. Salomon Chair in 
Musculoskeletal Research and Director of the Arthritis and Tissue Degeneration Program at the 
Hospital for Special Surgery. ECF No. 688 at 131 ,, 43-44. Plaintiffs' expert James Naismith, 
Ph.D. is a Professor of Structural Biology at the University of Oxford in the United Kingdom who 
has more than 20 years ofresearch experience on the structure and function of proteins. Id. at 126-
127 ,, 35-37. Dr. Naismith's post-doctoral research at the Howard Hughes Medical Institute in 
Dallas, Texas focused on proteins specifically involved in TNF signaling. Id. Plaintiffs' expert 
Hansruedi Loetscher, Ph.D., an inventor of the Patents-in-Suit, worked at F. Hoffman-La Roche 
AG from 1984 through 2016, where he most recently served as the Global Head of Neuroscience 
Discovery. Id. at 111,, 1-3. 
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proteins, i.e. p55 and p75, used in TNFR-IgG fusion proteins and include both figures and 

examples that are referenced in the parties' arguments. There are multiple figures in the Patents

in-Suit that provide nucleotide sequences for the TNF binding protein. See generally '182 Patent 

(JTX-1); '522 Patent (JTX-2). In analyzing the specifications, it appears that Figure 1 of the 

specifications relates to a p55 TNFR and Figure 4 relates to a p75 TNFR. 6 Figure 4 is a 

"[n]ucleotide sequence ... and deduced amino acid sequence ... for cDNA clones derived from" 

a p75 TNFR, which consists of a long combination of letters representing those amino acids and 

related cDNA combinations. '182 Patent (JTX-1) col. 2:60-62, Fig. 4. The specifications 

additionally include multiple examples pertaining to a TNFR-IgG fusion protein. In the 

examples, both the '182 and '522 Patents notably discuss and disclose two nucleotide sequences 

for portions ofp75-SEQ ID NO: 10 (N-terminus) and SEQ ID NO: 7 (C-terminus). 

The Patents-in-Suit disclose using "especially preferred vectors" pCD4-Hyl (DSM 5314, 

deposited on Apr. 21, 1989) and pCD4-Hy3 (DSM 5523, deposited on Sept. 14, 1989) "[f]or the 

expression of proteins which consist of a soluble fragment of non-soluble TNF-BP [binding 

protein] and an immunoglobulin fragment, i.e. all domains except the first of the constant region 

of the heavy chain." '182 Patent (JTX-1) col. 8:56-9:8. The specifications further state that "the 

present invention embraces not only allelic variants, but also those DNA sequences which result 

from deletions, substitutions and additions from one or more nucleotides of the sequences given 

in FIG. 1 or FIG. 4" and yield TNF-binding proteins. '182 Patent (JTX-1) col. 5:17-22; '522 

Patent (JTX-2) col. 5:29-34. The Patents-in-Suit also reference the Smith 1990 article-the 

6 In the '522 Patent, Figure 1 is broken down into Figures 1 A-1 D and Figure 4 is broken down into 
Figures 4A-4D. 
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Immunex publication that includes the complete amino acid sequence for p 7 5. ' 182 Patent ( JTX-

1) col. 5:22-24; '522 Patent (JTX-2) col. 5:34-37. 

a) The Requisite Components of the Fusion Protein Were Disclosed 
in the Specifications and Known Prior to August 1990 

The Court finds that the specifications of the Patents-in-Suit sufficiently describe the 

components of etanercept. A patent must include sufficient details such that a POSA could 

understand the subject invention and recognize that the inventor possessed it. Ariad, 598 F.3d at 

13 51. However, this requirement does not necessarily mean that the specification of the patent 

must include every nuanced detail.7 Indeed, "[a] patent need not teach, and preferably omits, what 

is well known in the art." Falkner, 448 F.3d at 1365 (quoting Spectra-Physics, Inc. v. Coherent, 

Inc., 827 F.2d 1524, 1534 (Fed. Cir. 1987)); see also Capon v. Eshhar, 418 F.3d 1349, 1357-58 

(Fed. Cir. 2005) (holding that a patent's specifications do not need to reiterate the structure, 

formula, or chemical name of a claimed invention to satisfy the written description requirement 

when that information is already known in the field). The Court will first analyze the sufficiency 

of the description ofp75, followed by the sufficiency of the description of the IgGl portion of the 

fusion protein. 

7 Defendants contend that Plaintiffs ignore the controlling precedent in Ariad, and improperly ask 
the Court to venture outside of the specifications to find the requisite written description. Defs. 
Reply Br. at 12-14. In other words, Defendants assume distinct requirements for an adequate 
written description before and after the Ariad decision. However, the precedent is clear that 
sequences disclosed in the prior art need not be repeated and the standard has not changed in that 
regard followingAriad. See Falkner, 448 F.3d 1357; Capon, 418 F.3d 1349; see also Zoltek Corp. 
v. United States, 815 F.3d 1302, 1308 (Fed. Cir. 2016) (post-Ariad case confirming that "written 
description need not include information that is already known and available to the experienced 
public") (internal quotation marks and citation omitted). The Court finds that the specifications 
meet the requirements of Falkner and Capon, which are still current and applicable law, and are 
not inconsistent with Ariad. 
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i. p 7 5 Is Adequately Described 

Analyzing the Patents-in-Suit, the Court finds that p75 is sufficiently described. The 

specifications of the Patents-in-Suit identify two TNF receptors, p55 and p75, and further note 

that the invention embraces allelic variants and DNA sequences resulting from deletions, 

substitutions, and additions of one or more nucleotides of the sequences provided in Figure 1 

and/or Figure 4. '182 Patent (JTX-1) col. 4:1-5:24. Sequence identification numbers, which 

correspond to p75, are mentioned throughout the specification (including the examples therein) 

and in the claims, and Example 6 explains that the inventors isolated the p75 TNFR. Id. col. 

15:31-39. 

Furthermore, the prior art demonstrates that the p75 amino acid sequence was well known 

to a POSA at the time of the invention. The Court may look to prior art and trial testimony when 

determining what a POSA would have known at the time of the invention. See, e.g., Ariad, 598 

F.3d at 1351 (relying on expert testimony and examples of prior art to make written description 

determination); Falkner, 448 F.3d at 1365-66. The parties agreed that by August 1990, the p75 

TNFR was well known to a POSA. PFOF 11 86-87; DFOF 12. Both the Immunex Smith article 

and the Roche Dembic article, which were published in May 1990 and July 1990 respectively, 

contain a full recitation of the p75 amino acid sequence. PFOF 1189-91; Smith 1990 (JTX-24) 

at 3-4, Fig. 3B; Dembic 1990 (JTX-23) at 1-2. The Smith 1990 article, expressly referenced in 

the Patents-in-Suit, also notes that "[t]he entire nucleotide sequence is available upon request and 

has been deposited with GenBank, accession number M32315." Smith 1990 (JTX-24) at 3-4, 

Fig. 3B. GenBank is an amino acid repository which can match partial amino acid sequences 

with full corresponding sequences that have been deposited with GenBank. See 9/18 AM 

(Naismith) Tr. at 62:7-16. Sequences are provided to GenBank as "an information deposit" in 

which the DNA sequence letters are submitted and an "accession number" is the particular 
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identification number assigned to each submitted sequence. Id. at 73: 17-74: 1. Similarly, the 

Dembic 1990 article contains the entire p75 amino acid sequence. 8 See Dembic 1990 {JTX-23) 

at Fig. 1. Ultimately, neither party contests that the prior art "definitively identified two TNF 

receptors: the p55 and the p75" by August 1990. Defs. Br. at 21; PFOF 11 36-38. The parties 

further agree that Immunex scientists in May 1990 and later the Roche Inventors in July 1990 

published the full-length p75 TNFR before the related European priority patent application was 

filed in August 1990. 9 DFOF 1 2; PFOF 11 39-41. 

Defendants, however, argue that because the specifications refer to Smith 1990 as an 

example of a "deletion" when compared to Figure 4 (when it was instead the complete sequence 

of Figure 4), a POSA would not have considered using the Smith 1990 sequence. Defs. Br. at 25. 

Upon review of the disclosure, the Court does not believe a POSA would have been deterred from 

looking to Smith 1990 for use in the fusion protein due to the term "deletion." Just prior to that 

language in the specification, the invention embraces not only deletions but also all allelic variants 

including "substitutions and additions." '182 Patent {JTX-1) col. 5:17-24. In fact, a POSA may 

8 The Dembic 1990 article also explains that TNFRs that have a molecular weight of either 65 kD 
or 75 kD are both the p75 protein because the 65 kD TNFR is simply a derivative of p75. Dembic 
1990 {JTX-23) at 1. The authors of the Dembic 1990 article arrived at this conclusion because 
both the 65 and 75 kD TNFRs bound "the same monoclonal antibody." Id.; see also 9/18 AM 
(Naismith) Tr. at 80:9-81:5 (Dr. Naismith testifying that proteins can gain or lose weight 
depending on glycosylation which "is the addition of sugar molecules" and concluding that TNF 
receptors with molecular weights of either 65 or 75 kD are both the p75 protein used in etanercept). 
9 By April 1990, the Roche Inventors were the first to discover that there were two distinct TNFRs 
that specifically bound to TNF, p55 and p75. 9/17 (Loetscher) Tr. at 20: 1-18, 26:8-28:8; JTX-22 
at 1. In May 1990, Immunex scientists published the Smith 1990 article containing the p75's 
complete amino acid sequence and included a figure caption indicating that a cDNA sequence 
encoding the p75 had been deposited with GenBank. Smith 1990 {JTX-24) at 3, Fig. 3B; 9/17 
(Loetscher) Tr. at 38:6-24; see also 9/13 AM (Capon) Tr. at 85:3-11. Two months later, in July 
1990, the Roche Inventors published the complete amino acid sequence of p75 and a cDNA 
sequence encoding part of it, resulting in the Dembic 1990 article. 9/17 (Loetscher) Tr. at 33: 1-
33:23; Dembic 1990 (JTX-23) at 2, Fig. 1. 
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have been encouraged to look to an outside reference, such as the Smith 1990 article, that was 

expressly called out by name in the specification. 9/18 PM (Naismith) Tr. at 52:23-53:8. At trial, 

Plaintiffs' expert Dr. Naismith credibly testified that the Smith 1990 reference would have 

communicated to the ordinary artisan that "[i]fyou hadn't read the paper, go and read it. They'd 

think it was a landmark paper."10 Id. Thus, the Court agrees with Plaintiffs that despite the word 

"deletion," a POSA would have been directed to Smith 1990 and therefore the full p75 protein. 

In further support of Plaintiffs' arguments, Example 7 contains the N-terminus sequence 

designated SEQ ID NO: 10. '182 Patent {JTX-1) col. 16:22-30. SEQ ID NO: 10 matches the 

first 18 amino acids at the N-terminus of the known p75 as published in Smith 1990. Id.; Smith 

1990 (JTX-24) at 3, Fig. 3B. The Patents-in-Suit also include the 18 amino acid sequences close 

to the C-terminus of the known p75 protein designated SEQ ID NO: 7. These two disclosed 

nucleotide sequences for p75 would have, in addition to Figure 4 and the Smith 1990 reference, 

directed a POSA to the full p75 sequence at the time of the invention. See '182 Patent (JTX-1) 

col. 39: 13-42:34 ( claims of the '182 Patent specifically requiring the use of the protein that 

"comprises the amino acid sequence ... (SEQ ID NO: 10)"), col. 4:18-20, 16:36-38 (identifying 

SEQ ID NO:7 as a partial amino acid sequence that makes up a preferred protein); '522 Patent 

(JTX-2) col. 45:44-48:4 (claims of the '522 Patent specifying the amino acid described in SEQ 

ID NO: 10), col. 4:31-32, 16:57-58 (listing SEQ ID NO:7 as an example of a partial amino acid 

10 Defendants misconstrue part of Dr. Naismith's testimony as indicating that he believed the Smith 
reference would have discouraged a POSA from using the known complete p75 TNFR sequence. 
Defs. Br. at 25; 9/18 PM (Naismith) Tr. at 22: 19-23, 23:20-24. Plaintiffs correctly counter that 
because Figure 4 is a smaller sequence than the Smith 1990 sequence, a POSA would have 
understood the passage to suggest Smith 1990 as a source ofp75 TNFR to use in the fusion protein. 
Pls. Br. at 21; 9/18 PM (Naismith) Tr. at 22:15-24:3, 52: 19-53:8 ("I simply went and read the paper 
to figure out what a scientist would do ... Smith is a complete sequence, which was known; and 
Figure 4 is a partial sequence of many less residues."). 
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sequence to be used in a preferred protein); see also '182 Patent (JTX-1) col. 5:17-22. With 

respect to the sequence identification numbers for SEQ ID NO: 10 and SEQ ID NO: 7, Plaintiffs' 

expert Dr. Naismith credibly testified that there was less than a one-in-a-million chance that the 

wrong protein would be produced by GenBank if an inquiry was made to retrieve the complete 

p75 sequence corresponding to one of the sequence identification numbers. 11 See 9/18 AM 

(Naismith) Tr. at 68:13-16. Moreover, Dr. Naismith testified that there was "zero chance" that 

any other protein would be returned by GenBank if the request included both SEQ ID NO: 10 and 

SEQ IDNO: 7 at that time. Id. at 68:17-25; see also 9/12 PM (Blobel) Tr. at 14:6-12 (Defendants' 

expert Dr. Blobel also testifying "if you took a sequence of this receptor, you would presumably 

get this receptor back. That's how it works."). 12 Accordingly, the Patents-in-Suit sufficiently 

describe the subject fusion protein using the known full p75 sequence. 

ii. /gG 1 and the Fusion Protein are Adequately Described 

The disclosure of the second necessary part of etanercept was also adequate because the 

specification clearly refers to use of deposited vectors (including "pCD4-Hy l ") that contain DNA 

11 Defendants cite to In re Wallach, 378 F.3d 1330 (2004) to argue that a partial amino acid 
sequence is insufficient to describe the full protein when it could not be used to obtain the full 
protein. However, given Dr. Naismith's testimony that the partial sequences as disclosed would 
allow a POSA to obtain the full-length sequences from Genbank, the Court finds that the instant 
case is distinguishable from Wallach. 
12 Defendants' expert, Dr. Capon, opined that a POSA would not have been able to obtain the 
correct full p75 sequence from GenBank if provided with the sequence identification number or 
the accession number as listed in Smith 1990 because there would have been too many results. Dr. 
Capon, however, stated that he was not qualified to opine in that area and conceded that he had 
only first accessed GenBank five years after 1990. 9/13 PM (Capon) Tr. at 20: 1-6, 20: 18-23, 
21:10-22:25 (Capon testifying that "I don't know what the requirements of accessing something 
from GenBank were ... I'm not qualified to testify [about that]" and "the first time I believe I 
accessed GenBank was in 1995"). By contrast, Plaintiffs' expert, Dr. Naismith, limited his opinion 
to what a POSA would have been able to obtain "at [the] time" of the invention. See 9/18 AM 
(Naismith) Tr. at 68:21-25. The timing is significant here because the sequence match is based on 
the smaller number of deposits GenBank had in 1990. See id. at 68:2-9. Thus, the Court accords 
little weight to Dr. Capon's opinion on this topic. 
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sequences encoding the exon-defined hinge-CH2-CH3 region of a human IgG 1 heavy chain as 

confirmed by the declaration of Defendants' expert, Jeffery Kittendorf, Ph.D., an expert in 

biochemistry and a Research Assistant Scientist at the University of Michigan Life Sciences 

Institute. ECF No. 688 at 132 ,r 47; JTX-16 at 32-34; see also 9/17 (Loetscher) Tr. at 57:4-58:25. 

Example 11 then provides a recipe to fuse a soluble TNF-binding fragment directly to that 

exon-encoded hinge-CH2-CH3 region of an IgG heavy chain, thereby providing a POSA with the 

full fusion protein. '182 Patent (JTX-1) col. 9:3-8; 9/17 (Loetscher) Tr. at 56:10-57:13, 58:18-

59:5; 9/18 AM (Naismith) Tr. at 54:16-21, 90:10-91:7, 92:21-93:8. This example illustrates 

utilizing a cDNA fragment that encodes the extracellular region of a TNF-binding protein, and 

describes the process generally using a p55 TNFR as an illustration. 9/17 (Loetscher) Tr. at 56:5-

58:24. A POSA would have followed that example and used p75 to create etanercept based on the 

claims in the Patents-in-Suit and the specification. 13 See 9/12 PM (Blobel) Tr. at 8:5-10:2, 14:6-

12; 9/17 (Loetscher) Tr. at 56:5-58:24; 9/18 AM (Naismith) Tr. at 67:14-68:25, 72:15-73: 1, 73:17-

74:8, 94:10-14, 94:20-95:6. 

Moreover, the parties agree that the IgG 1 hinge-CH2-CH3 was also known in the prior art 

as of August 1990. DFOF ,r 167; PFOF ,r,r 99-100. Thus, because the p75 TNFR sequence and 

13 Defendants claim that Centocor Ortho Biotech, Inc. v. Abbott Labs., 636 F.3d 1341 (Fed. Cir. 
2011) supports their argument that the Patents-in-Suit are invalid because they contend that the 
specifications do not describe the claimed fusion protein. Defs. Br. at 31; Defs. Reply Br. at 14. 
Centocor is distinguishable from the instant case for two main reasons. First, unlike in Centocor, 
the Patents-in-Suit issued from divisional applications as a result of a USPTO restriction 
requirement, so the specification should contain disclosures from the parent application. See 
Pfizer, Inc. v. Teva Pharms. U.S.A., Inc., 518 F.3d 1353, 1359 (Fed. Cir. 2008); Manual of Patent 
Examining Procedure ("MPEP") § 201.06; see also supra at LC. Second, amendments here were 
made as a result of that restriction requirement and in accordance with an agreement between 
Plaintiffs Roche, Immunex, and Amgen, and not, as in Centocor, in an "attempt to claim as its own 
the fruit of [Defendants'] innovative work." Centocor, 636 F.3d at 1349. Further, Centocor is 
consistent with the Court's analysis above that the written description requirement is satisfied. 
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the IgG 1 sequence were well known and accessible to a POSA, a reproduction of the known 

sequences was not required to be explicitly included in the Patents-in-Suit in order to claim a novel 

combination of those sequences. See Falkner, 448 F.3d at 1368 (holding that genes and their 

nucleotide sequences must not be recited or incorporated by reference where "accessible literature 

sources ... as of the relevant date" contain such information, because "forced recitation of known 

sequences in patent disclosures would only add unnecessary bulk to the specification"). 

b) The Patents-in-Suit Demonstrate Possession 

To the extent Defendants assert that Roche14 never made the claimed p75-IgG1 fusion 

protein, such contention is legally insignificant. Ariad holds that "the written description 

requirement does not demand either examples or an actual reduction to practice; a constructive 

reduction to practice that in a definite way identifies the claimed invention can satisfy the written 

description requirement." 598 F.3d at 1352 (citing Falkner, 448 F.3d at 1366-67). Here, as 

discussed, the claim language identifies the requisite elements of the subject invention-the p75 

fusion protein combined with the hinge-CH2-CH3 domains of IgG 1-and, in conjunction with the 

specification, provides support of possession. Many of the examples in the Patents-in-Suit further 

demonstrate that the Roche Inventors had possession. 15 Accordingly, the Court is persuaded that 

14 As mentioned above (I.C.1.), Imrnunex acquired the rights to prosecute the Patents-in-Suit 
pursuant to a 2004 Accord and Satisfaction agreement between Roche and Imrnunex, which will 
be discussed in further detail below in Section III.C.2.a. 
15 Defendants assert that a POSA would not believe that the Roche Inventors had possession of a 
p75 fusion protein because none of the examples in the Patents-in-Suit are directed to a p75 TNFR 
or a p75-IgG1 fusion protein. Defs. Br. at 26-27. In opposition, Plaintiffs contend that the 
specifications, including the examples, disclose the known p75 protein and the p75 TNFR-IgGl 
fusion protein "because [the specification in each Patent-in-Suit] identifies both parts of the 
claimed p75-IgG 1 fusion protein ... and describes how to combine them as the claims specify." 
Pis. Br. at 14-18. 
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the Roche Inventors had possession of the invention based on the specifications of the Patents-in

Suit, including the examples within the specifications, and the claims. 

c) Amendments to the Prosecution File History Did Not Add New 
Material 

The Court will now consider two amendments to the Patents-in-Suit, both of which were 

approved by the USPTO. First, in 2006, Amgen and Immunex, with assistance from Roche, 

deposited a plasmid containing a p75 cDNA with American Tissue Culture Collection 

("ATCC")16, and gave it a designation of PTA 7942. PFOF ,r,r 93-94; DFOF ,r 75; see also JTX-

81 at 19-20 (Plaintiffs' witness Dr. Werner Lesslauer, one of the Roche Inventors involved in this 

project, testifying that Amgen deposited the p75 plasmid, Roche assisted in the deposit, and it 

was designated PTA 7942). That same year, Immunex amended the specification of the '790 

application (which resulted in the '182 Patent) to include a reference to lmmunex's PTA 7942 

plasmid deposit. 9/13 AM (Capon) Tr. at 50:9-51:1; JTX-16 at 29-31. The cDNA for the PTA 

7942 plasmid encodes the full-length p75 TNFR, which is identical to the sequence reported in 

Smith 1990. JTX-16 at 29-31. Second, in 2007, Immunex amended the specification of the '791 

application (which resulted in the '522 Patent) to expressly incorporate the Smith 1990 protein 

by reference. Defs. Br. at 33. Immunex also inserted a new figure, Figure 5, that included the 

Smith 1990 sequence (in addition to the reference previously included). Id. 

Defendants assert that Immunex's decision to take over the prosecution and amend the 

specifications of the Patents-in-Suit is a clear indication that the original specifications as filed by 

Roche were deficient. Id. at 32-33. In addition, Defendants assert that the USPTO did not have 

16 ATCC is a public depository where cell structures and microorganisms are deposited and made 
available for public access. See "Who We Are," https://lgcstandards
atcc.org/en/About/About_ATCC/Who_ We_Are.aspx (last visited August 9, 2019). 
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complete information when it approved the amendments because the Plaintiffs informed the 

USPTO that the Smith 1990 protein was "99% identical" to Figure 4, when in fact Defendants 

contend the two proteins are meaningfully different. Id. at 33-34. Defendants argue that Plaintiffs' 

amendments added what amounts to "new matter" not previously included in the application, 

which is a ground for a patent rejection. 17 See 35 U.S.C. § 132 ("No amendment shall introduce 

new matter into the disclosure of the invention."); see also Defs. Reply Br. at 16 n.13. 

By contrast, Plaintiffs contend that each amendment did not contain new matter and that 

the USPTO properly approved the valid amendments. Pls. Br. at 16 n.2, 18 n.3; PFOF ,, 11-14. 

Plaintiffs maintain that the amendment to include the PTA 7942 plasmid, which encodes the 

sequence reported in Smith 1990, complies with USPTO rules because the plasmid (1) contains 

p75 cDNA that was identified in the original specification as variants of a "DNA sequence[] 

encoding the 75/65 kD," (2) was made prior to August 1990, and (3) was properly deposited with 

the ATCC in 2006. Pls. Br. at 16 n.2; PFOF ,, 11-14. 

The Court concludes that the deposited PTA 7942 plasmid was properly made part of the 

Patents-in-Suit and did not add new matter. The Federal Circuit has held that where information 

17 Defendants appear to have relinquished their anticipation argument, which focused on PTA 
7942, because their expert on the topic, Dr. Blobel, did not provide related testimony at trial and 
their post-trial briefs relegate the substance of the argument to a footnote. See Defs. Br. at 35 n.5. 
Invalidity based on anticipation "requires that the same invention, including each element and 
limitation of the claims, was known or used by others before it was invented by the patentee." 
Hoover Grp., Inc. v. Custom Meta/craft, Inc., 66 F.3d 299, 302 (Fed. Cir. 1995). To the extent 
they maintain an anticipation argument, Defendants argue that claims 35-36 of the '182 Patent, 
which specifically claim the 2006 PTA 7942 plasmid deposit, are invalid for anticipation because 
Enbrel® had been on sale and publicly available for 8 years at the time of the amendment. Defs. 
Br. at 35 n.5. The USPTO Board's allowance of the amendment and specific fmding that it did 
not add new matter is "entitled to an especially weighty presumption of correctness in a subsequent 
validity challenge based on the alleged introduction of new matter." See Commonwealth Sci. & 
Indus. Research Org. v. Buffalo Tech. (USA), Inc., 542 F. 3d 1363, 1380 (Fed. Cir. 2008) 
( quotation marks omitted); see also Pls. Br. at 16 n.2. Accordingly, insofar as Defendants maintain 
this anticipation argument, it has not been proven by clear and convincing evidence. 
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is properly deposited with an independent source, "[a]n accession number and deposit date add 

nothing to the written description of the invention" and are therefore, not considered new matter. 

In re Lundak, 773 F.2d 1216, 1223 (Fed. Cir. 1985). Further, the deposited plasmid was 

appropriately made part of the Patents-in-Suit as of their 1990 priority dates because as long as 

the plasmid was described in the application as-filed, it is not considered new and may be 

deposited at any time before issuance. See In re Lundak, 773 F.2d at 1222-23 ("Lundak's deposit 

with the ATCC, which was made after filing but prior to issuance of his patent, and which is 

referred to in his specification, meets the statutory requirements."); see also 3 7 C.F .R. § 1.804( a) 

(" ... an original deposit ... may be made ... subject to § 1.809, during pendency of the 

application for patent."). 18 The Court agrees with the USPTO and finds that the properly 

deposited plasmid reflected one of these variants and did not add new matter. Accordingly, the 

Court finds that Plaintiffs' amendments adequately described the inventive concept at the time of 

the invention. 

As to the Smith 1990 incorporation, the Court does not find that Immunex's decision to 

amend is proof that the original specifications were deficient. As discussed above, the Court finds 

that the Smith 1990 protein was sufficiently described when it was originally referred to and did 

not need to be amended to expressly incorporate it by reference. See, e.g., Falkner, 448 F.3d at 

1365 (finding that "the absence of incorporation by reference is not problematic."). The Court 

therefore finds that the amendments to the Patents-in-Suit were proper and do not alter the written 

description analysis. 

18 Defendants argue that the amendment occurred much sooner in time in Lundak than in the instant 
case, however, the Court has not been provided with any legal authority to suggest a time limit on 
specification amendments during the course of prosecution of a patent. See Defs. Br. at 13 n.11. 
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2. The Specification Enables Etanercept 

Finally, Defendants argue that the claims of the Patents-in-Suit are not enabled. DFOF ,r 

180; Defs. Br. at 35. Plaintiffs assert that Defendants' enablement challenge fails because the 

Patents-in-Suit identify both p75 TNFR and IgG 1 (which were well-known), sufficiently describe 

how to combine them to enable a POSA to produce etanercept, and Defendants' own experts 

concede that a POSA could have produced the claimed fusion protein without undue 

experimentation by using known methods as of August 1990. See Pls. Br. at 2, 21-22; see also 

9/12 PM (Blobel) Tr. at 53:19-56:13; 9/13 PM (Capon) Tr. at 61:22-62:16. 

To be enabling, "[t]he specification must 'enable one of ordinary skill in the art to practice 

the claimed invention without undue experimentation."' Transocean Offshore Deepwater 

Drilling, Inc. v. Maersk Contractors USA, Inc., 617 F.3d 1296, 1305 (Fed. Cir. 2010) (quoting 

Nat'/ Recovery Techs., Inc. v. Magnetic Separation Sys., Inc., 166 F.3d 1190, 1196 (Fed. Cir. 

1999)). "Enablement is not precluded by the necessity for some experimentation such as routine 

screening." In re Wands, 858 F.2d at 736-37. However, the experimentation needed to practice 

the art must not be undue. Id. at 737. The test for undue experimentation "is not merely 

quantitative, since a considerable amount of experimentation is permissible, if it is merely routine, 

or if the specification in question provides a reasonable amount of guidance with respect to the 

direction in which the experimentation should proceed." Id. To determine whether a disclosure 

would require undue experimentation, courts should consider the Wands factors, which include: 

( 1) the quantity of experimentation necessary; (2) the amount of direction or guidance presented; 

(3) the presence or absence of working examples; (4) the nature of the invention; (5) the state of 

the prior art; ( 6) the relative skill of those in the art; (7) the predictability or unpredictability of 

the art; and (8) the breadth of the claims. Id. 
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The Court finds that Defendants have failed to show by clear and convincing evidence that 

the Patents-in-Suit do not meet the enablement standard. Preliminarily, both parties agree to a 

POSA's relative skill in the art, and each party used nearly identical definitions and qualifications 

for their respective hypothetical POSA. Compare 9/11 PM (Blobel) Tr. at 30:24-32:5 with 9/20 

AM (Wall) Tr. at 18:6-25. 19 Specifically, the parties' experts agreed that the p75 protein and the 

exon-encoded hinge-CH2-CH3 portion of the lgG 1 immunoglobulin sequences were known 

before August of 1990, which is the initial date of the applications. 9/11 PM (Blobel) Tr. at 14:19-

15:5 (Dr. Blobel noting that the claims in the '182 Patent were directed at "essentially 

etanercept"); 9/20 AM (Wall) Tr. at 19:2-12, 92: 16-93 :2 (Dr. Wall explaining that the components 

of etanercept were known by August 1990). Both of Defendants' experts, namely Dr. Blobel and 

Dr. Capon, agreed that a POSA in 1990 would have been able to produce a fusion protein that is 

similar to etanercept. 9/12 PM (Blobel) Tr. at 55:20-56:5 (Dr. Blobel testifying that a POSA 

would have been able to produce a fusion protein similar to etanercept using "ordinary and routine 

methods utilized in the art"); 9/13 PM (Capon) Tr. at 73:5-14 (Dr. Capon testifying to the same). 

These experts also testified that the claim scope is both limited to and covers etanercept. 9/11 

PM (Blobel) Tr. at 14:19-15:5; 9/13 PM (Capon) Tr. at 82:22-83:3. Regarding the state of the art 

at the time of the invention, the parties explicitly agreed that technology relating to recombinant 

DNA was developed by 1990 and allowed for the creation of fusion proteins like etanercept. 9/12 

PM (Blobel) Tr. at 54: 13-56: 13 (Dr. Blobel testifying regarding the state of the art in August 

1990); see also ECF No. 688 at 65 ,r 247. 

19 Plaintiffs cite to expert Randolph Wall, Ph.D. as part of their enablement argument. Dr. Wall is 
an expert in the fields of immunology, molecular biology, and antibody engineering. (ECF No. 
688 at 122 ,i 22). Plaintiffs more heavily rely on his testimony on obviousness and therefore he is 
fully introduced in the obviousness section of this Opinion. 
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Furthermore, the Patents-in-Suit, and in particular the '522 Patent, provide a POSA with 

sufficient guidance on how to make etanercept. Specifically, both Patents-in-Suit explain to a 

POSA how to prepare a cDNA encoding the extracellular region of the known p75 protein. '182 

Patent {JTX-1) col. 16:22-48, 5:22-24, 7:24-46; 9/18 AM (Naismith) Tr. at 60:13-62:6; 9/18 PM 

(Naismith) Tr. at 53:12-54:6; 9/20 AM (Wall) Tr. at 93:14-94: 16. The specifications also provide 

a POSA with information regarding how to prepare a cDNA encoding all of the domains of a 

human IgG 1 constant region, except the first, including identifying a publicly accessible 

exemplary vector pCD4-Hyl. '182 Patent (JTX-1) col. 8:56-9:3; 9/20 AM (Wall) Tr. at 94:17-

95:19. 

Finally, Plaintiffs' witnesses Dr.Naismith and Dr. Loetscher credibly testified that the '182 

Patent directs a POSA to follow the recipe set forth in Example 11 contained in the specification. 

9/17 (Loetscher) Tr. at 56:5-9 (Dr. Loetscher noting that the example "describe[s] the process [of] 

how to make TNF receptor fusion proteins"); 9/18 AM (Naismith) Tr. at 53:22-54:2. Defendants' 

expert Dr. Capon even appeared to acknowledge that Example 11 in conjunction with the prior 

art would have enabled a POSA to construct etanercept. See 9/13 PM (Capon) Tr. at 72:3-73: 14. 

Hence, as Plaintiffs submit, a POSA could have easily made the claimed fusion protein (i.e., a 

fusion protein that had the extracellular region of the p75 receptor with an exon-encoded hinge 

and the CH2-CH3 region of the IgG 1 immunoglobulin) of the '182 Patent in or before August 

1990 with only routine experimentation by adapting Example 11 to make the claimed fusion 

protein. 9/17 (Loetscher) Tr. at 58:18-59:5; 9/18 AM (Naismith) Tr. at 93:12-22 (Dr. Naismith 

explaining that a POSA would have been able to make Example 11 in August of 1990); 9/20 AM 

(Wall) Tr. at 95: 17-19 (Dr. Wall testifying that a POSA would have "been able to adapt Example 

11 to make the claimed fusion protein."); JTX-82 (Lesslauer Deposition) at 298:11-14, 17. The 
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Court finds that based on this evidence, Defendants have not met their burden of proving by clear 

and convincing evidence that the Patents-in-Suit fail to meet the enablement standard. 

B. Obviousness (35 U.S.C. § 103) 

To prove that an asserted claim of a patent is invalid as obvious under 35 U.S.C. § 103, a 

patent challenger bears the burden of establishing by clear and convincing evidence that 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 

[POSA]."20 35 U.S.C. § 103(a); see also Pfizer, Inc. v. Apotex, Inc., 480 F.3d 1348, 1360-61 (Fed. 

Cir. 2007). Obviousness is a question of law that is predicated on several factual inquiries. See 

Graham v. John Deere Co. of Kansas City, 383 U.S. 1, 17 (1966). Specifically, there are four 

basic factual inquiries which concern: (1) the scope and content of the prior art; (2) the level of 

ordinary skill in the art;21 (3) the differences between the claimed subject matter and the prior art; 

and (4) objective indicia (secondary considerations) of non-obviousness, including unexpected 

results, success and praise in the industry, long-felt but unsolved need, failure of others, and other 

indicia. See id. 

Defendants assert that the Patents-in-Suit are invalid because they are obvious in view of 

prior art that would have motivated a POSA to create etanercept prior to the relevant patent 

20 The pre-America Invents Act version of 35 U.S.C. § 103 applies to the Patents-in-Suit. 
21 The parties agree as to the level of ordinary skill in the art. Defendants present that a POSA is 
"a scientist with an M.D. or a Ph.D. degree in biology, molecular biology, biochemistry, chemistry, 
or a similar field." 9/11 PM (Blobel) Tr. at 30:14-31:18. Such a person would "have one to two 
years of experience in the field of immunology or molecular immunology, including experience 
with cloning and expression of DNA, protein biochemistry on cell culture, protein purification, 
and immunological assays." Id. Plaintiffs offered a definition that is not materially different. See 
9/20 AM (Wall) Tr. at 18:5-22; Pls. Br. at 24. 
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applications.22 Defs. Br. at 35-43; see also Defs. Reply Br. at 19-22. At trial, Defendants asserted 

six obviousness combinations of prior art references, two of which disclose the protein sequence 

of, and the DNA sequence that encodes, the p75 extracellular region (Smith 1990 and Immunex's 

U.S. Patent No. 5,395,760 (JTX-65) (the "Smith '760 Patent")). PFOF ,r 147. The other asserted 

prior art references disclose lg fusion proteins, which combine a receptor protein with various 

portions of an lg heavy chain. Id. Specifically, the first five (5) combinations are the Smith '760 

in view of: (1) the Seed European Patent Application No. 0325262 ("Seed '262"); (2) Byrn, R. et 

al., Biological Properties of a CD4 Immunoadhesin, Nature 344: 667-70 (1990) ("Bryn 1990"); 

(3) Watson, S. et al., A Homing Receptor-lgG Chimera as a Probe for Adhesive Ligands of Lymph 

Node High Endothelial Venules, J. Cell. Bio. 110: 2221-2229 (1990) ("Watson 1990"); (4) the 

Karjalainen European Patent Application No. 0394827 ("Karjalainen '827"); and (5) the Capon 

U.S. Patent No. 5,116,964 ("Capon '964") in further view ofTraunecker, A. et al., Highly Efficient 

Neutralization of HIV with Recombinant CD4-immunogloblin Molecules, Nature 339: 68-70 

(1989) {"Traunecker 1989"). The sixth combination was Smith 1990 in view of Watson. Id. ,r 

14 7 n.3. Defendants' post-trial arguments regarding these prior art references focus on motivation. 

Defs. Br. at 35 ("[T]he only real dispute as to obviousness of the asserted claims concerned 

motivation."). The Court has examined the asserted prior art references both alone and in 

combination, as discussed below, to determine motivation and whether it would have been obvious 

to a POSA to create etanercept. 

In addition, Defendants argue that certain secondary considerations prove, rather than 

refute, that the Patents-in-Suit are invalid for obviousness. Id. at 44-50. In support of their 

22 The Court notes that the USPTO considered these prior art references and concluded that the 
Patents-in-Suit were not obvious in light of these references. 9/12 AM (Blobel) Tr. at 33:25-39:4; 
PTX-1089 at 19; PTX-6.456 at 7-8. 
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obviousness arguments, Defendants primarily rely on (1) Dr. Blobel, introduced above; and (2) 

Ame Skerra, Ph.D, Chair of Biological Chemistry at the Technical University of Munich, Center 

of Life Sciences at Weihenstephan, Freising, Germany. ECF No. 688 at 131-32 ,r,r 43, 49.23 

Plaintiffs contend that Defendants' obviousness arguments fail because a POSA would not 

have been motivated to create etanercept based on the prior art and, in fact, would have actually 

been dissuaded by the prior art to create a TNFR-Ig fusion protein to treat inflammation. Pls. Br. 

at 22-23. Further, Plaintiffs counter each of Defendants' secondary consideration arguments as 

set forth below and contend that the secondary considerations support nonobviousness. Id. at 33-

39. Plaintiffs rely on (1) Randolph Wall, Ph.D., a Distinguished Professor in the Department of 

Microbiology, Immunology, and Molecular Genetics at the Molecular Institute, University of 

California at Los Angeles (UCLA) and the David Geffen School of Medicine at UCLA, as an 

expert on obviousness (ECF No. 688 at 122 ,r 22); and (2) Warner C. Greene, M.D., Ph.D., the 

Founder and Director of the Gladstone Institute of Virology and Immunology in San Francisco 

and a Distinguished Professor of Translational Medicine with over 40 years of experience in 

biomedical research, as an expert on etanercept's effect on the immune system (Id. at 124-25 ,r 

29). 

23 Plaintiffs assert that the testimony of Defendants' expert Dr. Blobel should be completely 
disregarded because he ignored the agreed upon claim construction. Pls. Br. at 23-24; ECF No. 
688 at 20 ,r 68. While the parties agreed to construe the claim term "all of the domains of the 
constant region of a human immunoglobulin IgG[ 1] heavy chain other than the first domain of said 
constant region" as having a three-cysteine hinge ("the exon-encoded-hinge-CH2-CH3 region of 
human [IgG/IgG 1 ]"), Dr. Blobel inconsistently testified that a two-cysteine hinge would be within 
the scope of the claims of the Patents-in-Suit. 9/12 AM (Blobel) Tr. at 30:19-24; ECF No. 688 at 
20 ,r 68. Although an obviousness analysis based on "an incorrect understanding of the claim 
construction" may be disregarded, the Court will still consider Dr. Blobel's testimony to the extent 
it is not inconsistent with the agreed upon claim construction, including his testimony about other 
fusion proteins referenced in the prior art and testimony about what would have motivated a POSA 
to create etanercept before August 1990. See Cordis Corp. v. Bos. Sci. Corp., 658 F.3d 1347, 
1357-58 (Fed. Cir. 2011). 
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For the reasons discussed below, the Court finds that Defendants have failed to prove by 

clear and convincing evidence that the Patents-in-Suit are invalid based on obviousness pursuant 

to 35 U.S.C. § 103. 

1. Scope of the Prior Art and Differences Between the Prior Art and 
the Claimed Invention 

The Patents-in-Suit provide for a fusion protein, etanercept (' 182 Patent), consisting of the 

extracellular portion of a p75 TNFR combined with a three-cysteine, exon-encoded hinge-CH2-

CH3 portion of an lgGl, and a method of making this fusion protein ('522 Patent). See generally 

'182 Patent (JTX-1) and '522 Patent (JTX-2). Therefore, to prove obviousness, Defendants have 

to show by clear and convincing evidence that the claimed invention, which consists of a precise 

combination of specific portions ofp75 TNFR and lgGl, would have been obvious to a POSA. 

Defendants point to various scientific publications and patent applications that they 

contend render the claimed invention obvious. Some of these prior art references relate to p75 

TNFRs-Smith 1990 and Smith '760-and others disclose lg fusion proteins without p75-Capon 

1989, Traunecker 1989, Seed '262, Capon '964, Byrn 1990, and Watson 1990. DFOF ,r,r 208-09, 

217-20. Defendants contend that a POSA would have been motivated, when viewing these 

references alone and in combination, to select p75 and lgG 1 and combine them to create 

etanercept. Id.; Defs. Br. at 37-41. According to Plaintiffs, these references would not have 

motivated a POSA to make the precise construct of etanercept because there was no clear direction 

in the prior art, and in fact, the prior art would have taught away from creating etanercept. Pls. Br. 

at 24-29. The Court will address the prior art concerning both TNFRs and lg fusion proteins 

individually and then discuss the motivation to combine the two elements in the specific way 

necessary to create the claimed invention. 
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a) The Prior Art Would Not Have Motivated a POSA to Select the 
Individual Components o{Etanercept, and in Fact Taught Away 
from Using these Components 

i. Selectingp75 TNFR 

The Patents-in-Suit identify p75 TNFR as one of the two components of etanercept, a 

fusion protein used to treat rheumatoid arthritis. As noted above, rheumatoid arthritis is an 

inflammatory autoimmune disease that arises when an overactive immune system attacks a 

person's own body. PFOF ,i 32; 9/12 AM (Blobel) Tr. at 39:24-40:2. Chronic inflammation in 

rheumatoid arthritis patients causes bone erosion and also destroys tendons and ligaments. PFOF 

,i,i 33-34. As such, scientists studying auto-immune disorders, such as rheumatoid arthritis, in 

1990 were seeking to reduce inflammation by interrupting the body's immune system. 9/20 AM 

(Wall) Tr. at 39:24-40:3. 

According to scientists, there was a prevailing view at the time that many cytokines, 

including TNF, were thought to be involved in excess inflammation. PTX-34 at 6 ("It is a 

misconception to think that TNF[] was an obvious therapeutic target in the early 1990s since it is 

pro-inflammatory ... "). As previously discussed, cytokines are messenger proteins with a wide 

variety of functions in the body. PFOF 127. TNF was one of dozens of cytokines known in 1990. 

Id. 128. Critically, the prior art demonstrates that researchers at the time were concerned that 

TNFRs could aggravate pro-inflammatory responses by binding TNF and then releasing it back 

into the body in active form, causing inflammation. 9/20 AM (Wall) Tr. at 28:24-33: 15. At trial, 

Dr. Wall testified that this would be "a very undesirable outcome" for a POSA trying to block 

inflammation possibly caused by excess TNF. Id. Because the treatment of auto-immune 

disorders was based on trying to inhibit inflammation caused by the TNF response, a POSA would 

have been discouraged from using TNFR as a treatment option. 
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Additionally, a POSA in 1990 would have considered cytokines to be "poor therapeutic 

targets" and therefore TNFR would not have been an obvious choice. PFOF ,r 149; 9/20 AM 

(Wall) Tr. at 20:4-10. By August of 1990, the art had identified several cytokines and discovered 

that these cytokines were redundant, which means that they had "overlapping functions." 9/20 

AM (Wall) Tr. at 37: 16-25. Because of this redundancy, a POSA would not have considered any 

individual cytokine to be a good therapeutic target because it was understood that if you blocked 

one cytokine, another cytokine would be able to fill in the missing function, thereby eliminating 

any beneficial effect. Id. Moreover, cytokines, including TNF, were difficult to study due to their 

many different roles in the body, causing their function in treating various diseases to remain 

unclear. Id. at 21 :7-22: 18. Furthermore, if a POSA targeted cytokines at all, a POSA would have 

looked to a different cytokine, called IL-1, to treat inflammatory diseases because IL-1 was known 

in August 1990 to have stronger potential as a mediator in rheumatic diseases. Id. at 23: 17-24: 14; 

PTX-10 at 8. 

However, even ifTNFR were chosen as the starting point, it would not have been obvious 

to use a p75 TNFR. The parties agree that at least two TNF receptors were known as of August 

1990, namely p55 and p75. PFOF ,r,r 36-37; DFOF ,r 2. Much of the literature at the time showed 

that p55 bound TNF with five times greater strength than p75 and was superior in neutralizing 

TNF. PFOF, 153; JTX-47 at 3; 9/18 PM (Greene) Tr. at 108:21-109:24. Equipped with this 

knowledge, a POSA deciding to select TNFR to treat pro-inflammatory diseases would have likely 

used p55. Id. Finally, even assuming a POSA decided to use p75 instead ofp55, a POSA would 

have also had to decide between the soluble and insoluble form of p75, which could be a partial or 

full-length extracellular region of the p75 TNFR. PFOF ~ 154, 157; 9/12 PM (Blobel) 15:21-

17:6; Smith 1990 (JTX-24) at 4; Smith '760 Patent (JTX-65) col. 4: 12-21, 9:17-60. 
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ii. Selecting IgG 1 

The second necessary element of etanercept is the exon-encoded, three-cysteine hinge

CH2-CH3 domain of an IgG 1. At the time etanercept was being created as a possible treatment 

for auto-immune disorders like rheumatoid arthritis, researchers were also studying lg fusion 

proteins as a viable treatment option to combat the HIV/AIDS epidemic. PFOF ,i 171. 

HIV/AIDS is a disease that greatly weakens or destroys the immune system so that the immune 

system becomes unable to kill HIV-infected cells on its own. Id. ,i,i 171-72. Therefore, the goal 

of HIV/AIDS treatment was to trigger pro-inflammatory responses in the immune system to kill 

the HIV-infected cells within the body. Id. ,i 173. 

By August of 1990, prior art related to HIV/AIDS research demonstrated that lg caused 

increased inflammation and aggregation, the opposite objective of treatment for auto-immune 

conditions. According to the prior art, lg fusion proteins were effective in eliciting pro

inflammatory responses in the body, known as effector functions. Id. ,i,i 173-75; 9/18 PM 

(Greene) Tr. at 72: 13-74: 13, 77: 17-78:2. There are two pro-inflammatory effector functions, 

which are separate, complex pathways by which the immune system kills other cells. PFOF ,i 

26. First, the pathway known as complement dependent cytotoxicity ("CDC") pertains to the 

effector functions trigged by the CH2 domain. Id. ,i 174. Second, the pathway known as 

antibody dependent cellular cytotoxicity ("ADCC") refers to the effector functions triggered by 

the junction between the CH2 domain and the hinge. Id. The HIV/ AIDS research at the time 

demonstrated that lg fragments in fusion proteins successfully triggered both CDC and ADCC 

effector functions within the immune system. Id. ,i 173; 9/18 PM (Greene) Tr. at 76:8-77:2. 

Against this backdrop, a POSA studying auto-immune diseases would have avoided lg 

because the inflammatory immune response elicited by lg fusion proteins was extremely 
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undesirable. In fact, six of the asserted prior art references cited by Defendants, all of which 

discuss using lg to increase inflammatory responses in the body, would have taught a POSA to 

look away from lg fusion proteins as a potential treatment option for auto-immune disorders. See 

Capon 1989 (JTX-58), Traunecker 1989 (JTX-25), Seed '262 (JTX-57), Capon '964 (JTX-61), 

Byrn 1990 (JTX-56), and Watson 1990 (JTX-59).24 

For example, in his 1989 article, Defendants' expert Dr. Capon reported experimental 

results of CD4-lg fusion proteins that successfully triggered pro-inflammatory immune responses 

in HIV-infected patients by eliciting effector functions. JTX-58 at 4 (demonstrating that effector 

functions were "found in the constant region of the heavy chain"). The Traunecker 1989 prior art 

reference found a similar result with CD4-lg fusion proteins using mouse lgG2a and mouse lgM 

sequences. JTX-25 at 1-2; 9/12 AM (Blobel) Tr. at 51:11-16; 9/18 PM (Greene) Tr. at 84:12-19; 

9/20 AM (Wall) Tr. at 56:24-57:13. Published in July 1989, Seed '262 described CD4-lg fusion 

proteins designed to treat HIV/ AIDS patients and emphasized the importance of preserving 

24 Although Watson 1990 (JTX-59) concerned studies outside of the body for which effector 
functions would not be relevant and therefore were not specifically discussed, similar constructs 
to those discussed in Watson 1990 (e.g., Byrn 1990) were demonstrated through experimental 
evidence to have retained cell-killing effector functions. 9/20 AM (Wall) Tr. at 61:9-13, 259:12-
22; JTX 59 at 3, 8. 

Defendants also cite to Karjalainen '827, a European patent application published in October 
1990. JTX-60 at 1; PFOF ,r 191. The parties' experts agreed that this reference is not prior art 
for purposes of their analysis. 9/12 AM (Blobel) Tr. at 84:3-12; 9/20 AM (Wall) Tr. at 84:11-16. 
Moreover, Karjalainen '827 is exempt as prior art under§ 103(c)(l) because the inventors of 
Karjalainen '827 and the Patents-in-Suit "were at the time the claimed invention was made ... 
[both] subject to an obligation of assignment to the same person," F. Hoffmann-La Roche AG. 
35 U.S.C. § 103(c)(l) ("Subject matter developed by another person ... shall not preclude 
patentability under this section where the subject matter and the claimed invention were, at the 
time the claimed invention was made, owned by the same person or subject to an obligation of 
assignment to the same person."); 9/17 (Loetscher) Tr. at 21:11-13; JTX-3 at 875-79; JTX-4 at 
706-1 O; JTX-60 at 1. In any event, Karjalainen '827 also taught use of a CD4-lg fusion protein 
to elicit effector functions to treat AIDS. PFOF ,r 192. 
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effector functions to properly combat HIV-infected cells. JTX-57 at 5. Similarly, Capon '964 

described many different lg fusion protein configurations that were intended to retain effector 

functions. JTX-61 col. 4:43-47; 9/12 AM (Blobel) Tr. at 60:24-61:13; PFOF ,, 185-86. 

Moreover, Byrn 1990 provided experimental evidence demonstrating that a protein with only a 

partial lg hinge would still successfully induce ADCC effector functions. JTX 56 at 1-2; 9/12 AM 

(Blobel) Tr. at 70:18-71:16; 9/18 PM (Greene) Tr. at 87:5-19. Based on these prior references, a 

POSA would have refrained from using lg fusion proteins for anti-inflammatory treatments, which 

sought to reduce effector functions in the body. 

Defendants also assert that the Patents-in-Suit are obvious in light of the combination of 

Watson 1990 and Smith 1990. PFOF, 147 n.3. Smith 1990 disclosed the amino acid sequence 

of p75 TNFR but did not suggest using p75 TNFR in a fusion protein. DFOF, 4. Moreover, 

Watson 1990 also did not contemplate a TNFR-lg fusion protein and instead discussed a construct 

with a partial region of an lg fused with a receptor known as a lymphocyte homing receptor. JTX-

59 at 1-3; 9/20 AM (Wall) Tr. at 61:9-13; PFOF, 194. Therefore, a POSA looking to these two 

prior art references either individually or in combination would not have been motivated to create 

etanercept. 

Defendants further point to Capon '964 and additional prior art, namely Brennan 1989, to 

assert that researchers at the time were not concerned about the negative effects from effector 

functions. DFOF , 226-27.25 However, prior art published in June 1990 shows that effector 

functions were in fact a concern with lg fusion proteins at the time of the invention. See Gerd 

25 It appears that many of the prior art references cited by the Defendants used to support the 
modification of Smith '760 were published prior to Smith '760. Pis. Reply Br. at 12 (noting that 
Traunecker 1989, Seed '262, Capon '964, and Byrn 1990 were published before Smith '760 and 
did not motivate the Smith '760 inventors to remove the light chain or CHI domain). 
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Zettlmeissl, et al., Expression and Characterization of Human CD4: lmmunog/obulin Fusion 

Proteins, DNA & Cell Biology 9: 347-53 (1990) {PTX-26 at 5-10) (discussing CD4-lg fusion 

proteins created to treat HIV/ AIDS and reporting that "one of the most important issues 

confronting" lg fusion proteins was "the extent of autoimmune damage" caused by effector 

functions); see also 9/12 AM (Blobel) Tr. at 81:15-83:13. Additionally, a well-known 

immunology textbook by William E. Paul and Dr. Wall's credible testimony further demonstrate 

that a POSA would have expected that pro-inflammatory effector functions would have been 

triggered when a fusion protein, like etanercept, attached to a soluble TNF. See Paul, William E., 

Fundamental Immunology (2d ed., Raven Press 1989) {PTX-3); 9/20 AM (Wall) Tr. at 46:18-

48:22, 49:6-53:8. Furthermore, the fact that the papers cited by Defendants did not report effector 

functions as problematic is reasonable in the context of HIV/AIDS research where effector 

functions were a desired result, rather than an obstacle. Thus, the Court fmds that a POSA would 

have expected from the prior art that an lg fusion protein could lead to autoimmune damage caused 

by effector functions. 9/20 AM (Wall) Tr. at 39:14-40:9, 59:3-18; 9/18 PM (Greene) Tr. at 90:25-

91:16. 

The prior art also taught that lg fusion proteins would cause another detrimental effect, 

known as aggregation, in patients with inflammatory conditions. Plaintiffs' expert in immunology, 

Dr. Greene, opined that an lg fusion protein would likely cause aggregation-the formation of 

large immune complexes in the human body-that would then lead to increased inflammation in 

the kidney, skin, and joints. 9/18 PM (Greene) Tr. at 98:1-16, 137:4-12. Based on the prior art, a 

POSA would have believed that an lg fusion protein, like etanercept, would have likely aggregated 

and caused an inflammatory response, as Defendants' expert Dr. Blobel similarly opined. 9/18 

PM (Greene) Tr. at 70: 17-71 :2; see also 9/12 AM (Blobel) Tr. at 53:23-54:24 (testifying that 
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researchers at the time were intentionally creating CD4-lg fusion proteins to cause aggregation 

and attack infected cells). Therefore, a POSA would have refrained from selecting lg for the 

treatment of auto-immune disorders because it was shown to increase aggregation, resulting in 

heightened inflammation. 

Additionally, a POSA seeking to avoid using lg at the time would have had a number of 

non-lg options to achieve desirable outcomes while avoiding effector functions. PFOF ,r 155. In 

fact, prior art at the time suggested joining proteins with polyethelene glycol ("PEG"), a non-lg 

option that did not cause effector functions and was also associated with longer half-lives and 

better drug properties at that time. Id.; 9/20 AM (Wall) Tr. at 68: 19-70:24; see, e.g., Smith '760 

Patent (JTX-65) col. 10:39-44. By August 1990, numerous PEG-modified proteins were in clinical 

trials and at least one PEGylated compound had been approved by the FDA. PFOF ,r 155; 9/20 

AM (Wall) Tr. at 68:22-70:24; see Smith '760 Patent (JTX-65) col. 10:35-53. Given that the prior 

art showed that lg was increasing inflammation, PEG was a more obvious choice to use in a fusion 

protein than lg. 

Nevertheless, even if a POSA was undeterred by the research that predicted an 

inflammatory response and decided to create an lg fusion protein, a POSA would have had 

numerous options when determining what type and conformation of lg to select. While etanercept 

used lgG 1, there were many alternative lg constructions that a POSA could have selected, none of 

which was more obvious than the other. For example, a POSA would have had to choose from 

many known classes of immunoglobulins (lg), such as lgG, and further choose between the 

subclasses oflgG, including lgGl, lgG2, lgG3, and lgG4. 9/18 AM (Naismith) Tr. at 51:11-13; 

see supra I.B.1. Moreover, a POSA would have had to consider and decide between the variety 

of lg conformations in the prior art including a full hinge, an exon-encoded hinge, a two-cysteine 

38 

Case: 20-1037      Document: 48     Page: 119     Filed: 11/08/2019



Case 2:16-cv-01118-CCC-MF   Document 689   Filed 08/09/19   Page 39 of 85 PageID: 22151

Appx39

hinge, or no hinge. PFOF, 159; 9/20 AM (Wall) Tr. at 82:24-83:8; see also 9/12 PM (Blobel) Tr. 

at 34:5-13, 39:24-40: 11 (Dr. Blobel testifying that it was "not so obvious" to use a three-cysteine 

hinge as opposed to a two-cysteine hinge). Finally, as reflected in the prior art above, a POSA 

selecting lg would have had to decide whether to use a linker, and if so, would have also had to 

determine which length to use. PFOF , 159; 9/20 AM (Wall) Tr. at 82:1-4, 88:17-90:1. 

Accordingly, a POSA choosing to select lg, despite the scientific research teaching that this was 

not a desirable option, would still have had many different variations and configurations of lg to 

opt for when creating the fusion protein. Defendants have failed to sufficiently prove by clear and 

convincing evidence that it was obvious for a POSA to select lgG 1, as used in etanercept, among 

all of these alternatives. 

b) It Would Not Have Been Obvious to a POSA to Combine p75 with 
the Exon-Encoded Hinge-CH2-CH3 Region ofigGJ 

Furthermore, even assuming it was obvious to select both p75 TNFR and IgGl, a claim 

cannot be held obvious merely because its elements were independently known in the prior art. 

KSR Int'! Co. v. Teleflex, Inv., 550 U.S. 398, 418-19 (2007); Polaris Indus., Inc. v. Arctic Cat, Inc., 

882 F.3d 1056, 1068 (Fed. Cir. 2018) (stating that the "genius of invention is often a combination 

of known elements which in hindsight seems preordained"). Defendants must prove by clear and 

convincing evidence that a POSA would have been motivated to combine the essential components 

from the prior art teachings to create the claimed invention, and would have had a reasonable 

expectation of success in doing so. Arctic Cat Inc. v. Bombardier Recreational Prods. Inc., 876 

F.3d 1350, 1359-61 (Fed. Cir. 2017). 

Moreover, Defendants must show by clear and convincing evidence that a POSA would 

have been motivated to combine the specific parts of each component that make up the claimed 

invention, rather than only showing it was obvious to combine p75 and lgG 1. See id. (finding that 
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the required motivation is a motivation to combine prior art to achieve the particular claimed 

invention). Merely combining p75 TNFR and IgG 1 would not have resulted in etanercept because 

the claimed invention specifically joins the extracellular region of p75 and only a portion oflgG 1, 

namely the exon-encoded hinge-CH2-CH3 domain. '182 Patent (JTX-1);'522 Patent (JTX-2). 

Therefore, Defendants must demonstrate that a POSA would have been motivated to create the 

precise TNRF-IgG 1 construct that is etanercept. 

As addressed above, the prior art cited by Defendants taught that lg fusion proteins 

activated effector functions leading to inflammation in the body. See supra 111.B.1.a.ii. Given this 

prior art, a POSA would have expected a fusion protein combining TNFR and IgG 1 to lead to 

autoimmune damage caused by effector functions. 9/20 AM (Wall) Tr. at 39:14-40:9, 56:7-16; 

9/18 PM (Greene) Tr. at 90:25-91:16. Therefore, for all of the reasons stated above, a POSA 

looking to treat an autoimmune condition, such as rheumatoid arthritis, would have been dissuaded 

from combining 1NFR with IgG 1. 

Despite the prior art, Defendants assert that a POSA would have been motivated to combine 

p75 and lgG 1 to produce etanercept because this combination was already described in the Smith 

'760 Patent. Defs. Br. at 37. However, this argument fails because, as discussed below, (1) Smith 

'760 was an unconstructed, untested chimeric antibody that would not have been an obvious 

starting point; (2) the Smith '760 construct was distinct from etanercept; and (3) a POSA would 

not have been motivated to modify Smith '760 in the precise ways necessary to create etanercept. 

i. A POSA Would Not Have Ignored the Prior Art 
Concerning Effector Functions in Jg Fusion Proteins 
Because of the Smith '760's Hypothetical Antibody 

First, the Smith '760 Patent, filed in May 1990, described a hypothetical construction of a 

TNFR-IgGl chimeric antibody that was never made. PFOF,r 164; DFOF,r 210; 9/12 PM (Blobel) 

Tr. at 84:5-7. There is no prior art that suggests exactly how the Smith '760's construct may have 
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been used, much less that it was known to have desirable therapeutic properties. Defendants argue 

that a POSA would have obviously looked to the Smith '760 fusion protein because this protein 

was expected to have advantageous properties, including an "extended in vivo half-life, ease of 

purification, and enhanced TNF binding." Defs. Br. at 38. However, as outlined above, the prior 

art actually taught away from using an lg fusion protein, such as the one proposed in Smith '760, 

to treat auto-immune diseases because such a construct would have likely elicited an inflammatory 

response in the body. See supra III.BJ.a.ii. The speculative expectations of Smith '760's 

unconstructed chimeric antibody would not have been enough to compel a POSA to ignore the 

numerous experimental studies that revealed that lg proteins elicited an inflammatory response 

and use the Smith '760's fusion protein as a starting point to create an anti-inflammatory drug. It 

is not obvious that a POSA would have selected this idea as a possible solution for patients with 

pro-inflammatory conditions when the therapeutic effects of this chimeric antibody were 

uncertain, at best. 

ii. Etanercept Is Distinct.from Smith '760 Such That it Cannot 
Render the Patents-in-Suit Obvious 

Second, etanercept is not an obvious variant of the Smith '760 Patent because the Patents

in-Suit claim a distinct fusion protein. Smith '760 teaches fusing a portion of TNFR to a human 

lgG 1 containing both the CHl and the light chain (see generally Smith '760 Patent (JTX-65)), 

whereas the Patents-in-Suit require the removal of the CHl and the light chain from the constant 

region domain oflgG 1 (see' 182 Patent (JTX-1) col. 39: 12-42:34; '522 Patent (JTX-2) col. 45:44-

48:4). The Smith '760 Patent also discussed a number of ways to construct the fusion site of the 

TNFR, none of which suggested directly fusing the TNFR to the hinge. See Smith '760 Patent 

(JTX-65) col. 10:33-56; PFOF 1 166. The Patents-in-Suit directly fused the extracellular region 
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of p75 to the exon-encoded hinge-CH2-CH3 region of IgGl. '182 Patent (JTX-1) col. 39:12-

42:34; '522 Patent (JTX-2) col. 45:44-48:4. 

Smith '760 Patent Etanercept 

In contrast to Smith '760, etanercept specifically uses only a portion oflgGl, namely the 

partial exon-encoded hinge-CH2-CH3. Defendants have not pointed to any prior art that 

recommends using the exon-encoded hinge-CH2-CH3 of IgG 1 for such a fusion protein, or any 

reference that advises fusing this portion to the extracellular region of p75. This concept was not 

taught in the prior art, rendering etanercept a distinct, nonobvious construction from Smith '760. 

Compare '182 Patent {JTX-1) and '522 Patent {JTX-2) with Smith '760 Patent (JTX-65) at 10:53-

68. Defendants have failed to show why a POSA would have been motivated to combine the 

specific parts oflgG 1 and p75 that make up the claimed invention. 

Moreover, the specific construct within Smith '760 that Defendants compare to the distinct 

construct of etanercept, as pictured above, was only one of many contemplated in Smith '760. In 

hindsight, Defendants assert that this one construct contemplated in Smith '760 would have 

obviously motivated a POSA to create etanercept. This assertion ignores the fact that had a POSA 

looked to Smith '760 in its entirety, the POSA would have had to consider and select among a 

broad array of options as the patent suggested a variety of different constructs to pursue, none of 
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which were ever actually constructed or determined to be preferred. The Smith '760 Patent 

embraces many variations, including both monovalent and polyvalent forms of TNFR, and further 

reports a wide variety of choices for the polyvalent forms. See Smith '760 Patent (JTX-65) at 13; 

PFOF ,,i 165-67. Among these possibilities was combining p75 with PEG, which as mentioned 

above was a widely used and FDA approved non-lg construct. It appears Defendants focused on 

a single construct "out of the sea" of alternatives based on hindsight reasoning notwithstanding 

other potential constructs contemplated in Smith '7 60 that refuted their assertions. See WBIP, LLC 

v. Kohler Co., 829 F.3d 1317, 1337 (Fed. Cir. 2016). Therefore, Defendants have failed to show 

by clear and convincing evidence that a POSA looking to Smith '760 for motivation would have 

decided on the specific construct ofp75 and IgGl. 

iii. A POSA Would Not Have Been Motivated to Modify Smith 
'760 by Removing the Light Chain, Removing the CHI 
Domain, and Directly Fusing the p75 Protein to the Exon
Encoded Hinge-CH2-CH3 Region 

Third, a POSA would not have been motivated to alter the Smith '760 fusion protein in the 

specific ways necessary to create etanercept. To modify Smith '760 and construct etanercept, a 

POSA would need to have been motivated to remove the CH 1 domain, eliminate the light chain, 

and directly fuse the extracellular region of p75 to the exon-encoded hinge-CH2-CH3. 

As to the removal of the CHl domain and the light chain, a POSA would not have been 

motivated to make these modifications to Smith '760 based on the patent itself. First, Smith '760 

specifically states that its construct must have "unmodified constant region domains[,]" signifying 

to a POSA that the light chain and CHl should not be modified if the POSA wished to maintain 

all of the alleged advantageous properties of Smith '760. See Smith '760 Patent (JTX-65) col. 

10:53-57; Defs. Br. at 38. Accordingly, a POSA looking to Smith '760 for motivation would have 

been discouraged from altering the constant region by removing the light chain and CH 1. 
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However, even if a POSA were to ignore this statement, there was no clear evolution in the prior 

art that would have taught a POSA to eliminate the light chain or the CHI domain. If anything, 

the prior art would have dissuaded a POSA from making these modifications to Smith '760 based 

on their proven increase in effector functions. 

Furthermore, in analyzing the cited prior art beyond Smith '760, it would not have been 

obvious to a POSA to remove the CHl and light chain because there was no clear direction in the 

prior art. When the prior art provides no reason to select, among several unpredictable alternatives, 

the exact route that would guide and/or motivate a POSA to the patented invention, then it is not 

obvious. Ortho-McNeil Phann., Inc. v. Mylan Labs., Inc., 520 F.3d 1358, 1364 (Fed. Cir. 2008). 

Researchers at the time, many of whom were seeking treatment for HIV/AIDS patients, were 

modifying fusion proteins in a number of different ways and no one way was known to definitively 

work better than the other. For example, with respect to removal of the light chain, Defendants 

point to Dr. Capon's 1989 article, mentioned above, that disclosed several CD4-Ig fusion proteins, 

including proteins that retained the light chains and those that lacked the light chain. DFOF ,i 216; 

JTX-58 at 1-2. Additionally, prior art references that contemplated removing the CHI domain, 

such as the Seed '262 and Capon '964 publications, disclosed a variety of constructs, including 

proteins with the CHl domain and those that deleted it. JTX-57 at 10; JTX-61 at 28; 9/20 AM 

(Wall) Tr. at 79:12-21. No one arrangement could have been considered to be predictable in its 

effect as even Dr. Capon found the results of his own constructs to be "surprising." JTX-58 at 4-

5; 9/12 AM (Blobel) Tr. at 46:8-11. Therefore, the prior art was in a state of uncertainty and had 

many variables, such that creating etanercept using only the CH2-CH3 domain of the lgG 1 

immunoglobulin would not have been obvious. 
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In fact, a POSA would have been disincentivized to remove the CH 1 chain because the 

prior art established that lg fusion proteins without the CHl domain created additional effector 

functions, thereby intensifying the inflammatory response. 9/20 AM (Wall) Tr. at 78:20-79:6. 

According to the prior art, HIV/AIDS researchers were removing CHl to successfully increase 

the effector functions-an undesired response for an anti-inflammatory drug. 9/18 PM (Greene) 

Tr. at 84:12-19 (Dr. Greene explaining that removal of the CHl domain was shown to cause an 

inflammatory response). For example, Byrn 1990 provided experimental evidence that CD4-lg 

fusion proteins lacking CHl would trigger the ADCC effector function as desired for HIV/AIDS 

treatments. JTX-56 at 1-2; 9/12 AM (Blobel) 70:18-71: 15. Such a result would have been contrary 

to a goal of reducing inflammation, and therefore a POSA would have been dissuaded to alter the 

Smith '760 protein in this way. Moreover, Defendants point to Traunecker 1989, which found that 

the pro-inflammatory response of the lg fusion protein remained strong despite eliminating the 

CHl domain in mouse fusion proteins. JTX-25; 9/20 AM (Wall) Tr. at 78:18-79:1. Based on this 

finding, a POSA seeking new therapies for auto-immune disorders would not have been motivated 

to remove the CH 1 domain because Traunecker 1989 showed that removing CH 1 retained the 

inflammatory effects. See 9/20 AM (Wall) Tr. at 78:20-79:1. 

Defendants specifically aver that a POSA would have been motivated to eliminate the CHl 

domain and the light chain of the Smith '760 protein, as was done in etanercept, because these 

deletions were known to improve the secretion of fusion proteins, a desirable feature because it 

allowed the fusion protein to leave the cell. See Defs. Br. at 39; DFOF ,i 325. However, Dr. 

Capon's 1989 paper that Defendants use to support this argument reported that secretion problems 

actually arose when the light chain was removed from CD4 fusion proteins. JTX-58 at 2. 

Furthermore, even if the deletion of the CHl domain did increase secretion, a POSA would have 
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likely avoided eliminating the CHI domain because removal was known to elicit effector functions 

and increase inflammation, as discussed above. 

Lastly, a POSA would not have been motivated to remove the linker and directly fuse the 

p75 extracellular region to the full exon-encoded hinge. Again, Defendants cite to a number of 

references teaching multiple variations of what fragments a POSA could use, including many 

references that recommend using a partial hinge and/or a linker. See, e.g., JTX-57 at 10:57-11:2 

(Seed '262 describing the use of a five amino acid linker); JTX-56 at 1-2 (Byrn 1990 using a partial 

two-cysteine hinge); JTX-25 at 1 (Traunecker 1989 contemplating the removal of the entire hinge). 

Based on the uncertainty in the art, it would not have been obvious to a POSA to remove the linker 

or to use the full exon-encoded hinge. See Ortho-McNeil Phann., 520 F.3d at 1364 (holding that 

the patented invention was not obvious where a POSA had no reason to select the exact route 

among several unpredictable alternatives). 

Defendants have failed to show by clear and convincing evidence that it would have been 

obvious to a POSA to create etanercept by precisely combining specific portions of TNFR and 

IgG 1 prior to August 1990. 

2. Objective Indicia ofNonobviousness 

As part of its obviousness analysis, the Court must also consider evidence regarding 

objective considerations of nonobviousness when present. In re Cyclobenzapn·ne Hydrochloride 

Extended-Release Capsule Patent Litig., 676 F.3d 1063, 1075-77 (Fed. Cir. 2012). Secondary 

considerations such as unexpected results, success, long felt but unsolved needs, and the failure of 

others maybe relevant indicia ofnonobviousness. See Graham, 383 U.S. at 17-18; Eli Lilly & Co. 

v. Zenith Goldfine Pharms., Inc., 471 F.3d 1369, 1380 (Fed. Cir. 2006). Moreover, evidence of 

copying, simultaneous invention, and licensing may also be considered. See Diamond Rubber Co. 

v. Consol. Rubber Tire Co., 220 U.S. 428,441 (1911); Geo. M Martin Co. v. Alliance Mach. Sys. 
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Int '/ LLC, 618 F.3d 1294, 1304 (Fed. Cir. 2010); Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d 1530, 

1539 (Fed. Cir. 1983). 

The parties have both presented evidence of certain objective indicia that they argue 

support their obviousness arguments, all of which are discussed below. A number of witnesses 

opined on these objective indicia including, for the Plaintiffs, (1) Dr. Naismith, as mentioned 

above; (2) Dr. Greene, as mentioned above; and (3) Dr. Fleischmann, an expert in the field of 

rheumatic diseases and disorders, who is the Founder and Co-Medical Director of the Metroplex 

Clinical Research Center in Dallas, Texas, and a Clinical Professor in the Department of Internal 

Medicine at the University of Texas, Southwestern Medical Center at Dallas (ECF No. 688 at 121 

,i,i 19-21); and for the Defendants, (1) Dr. Blobel, as mentioned above; and (2) Dr. Skerra, as 

mentioned above. While both parties offered evidence of objective indicia to support their 

positions, the burden always remains on Defendants to prove by clear and convincing evidence 

that the claimed invention is obvious. In re Cyclobenzaprine Hydrochloride, 676 F.3d at 1075-79 

(concluding that, when considering secondary considerations of nonobviousness, the burden never 

shifts to the patentee to prove nonobviousness and instead always remains on the party challenging 

the patent to prove by clear and convincing evidence that the patent at issue is obvious). 

As to the objective indicia, Defendants challenge whether there is a sufficient nexus 

between the merits of the claimed invention and the objective evidence. Plaintiffs contend that the 

appropriate nexus is present and such evidence is commensurate in scope with the claims. See 

Tokai Corp. v. Easton Enters., Inc., 632 F.3d 1358, 1369-70 (Fed. Cir. 2011) (concluding that, to 

establish a nexus to the merits of a claimed invention, the offered secondary consideration must 

actually result from what is both claimed and novel in the patent); see also Dome Patent L.P. v. 

Rea, 59 F. Supp. 3d 52, 86 (Fed. Cir. 2014) (holding that objective evidence of secondary 
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considerations must be proportional to the scope of the claims to be probative of nonobviousness ). 

Here, the Court finds that the secondary considerations discussed below have a sufficient nexus 

to, and are commensurate in scope with, the claimed invention because the proffered evidence is 

linked to etanercept, which the Court has found was adequately described in the Patents-in-Suit. 

To the extent more specific arguments concerning nexus and scope were made by the parties, such 

assertions are addressed in the relevant sections below. 

a) Unexpected Results 

Unexpected or surprising results can support nonobviousness. To demonstrate unexpected 

results, a party must "show that the claimed invention exhibits some superior property or advantage 

that a person of ordinary skill in the relevant art would have found surprising or unexpected." In 

re Soni, 54 F.3d 746, 750 (Fed. Cir. 1995). "The principle applies most often to the less predictable 

fields, such as chemistry, where minor changes in a product or process may yield substantially 

different results." Id. Plaintiffs assert that etanercept exhibits three unexpected properties: (1) a 

lack of aggregation with TNF due to Mode 2 binding; (2) a superior binding affinity to, and 

inhibition of, TNF; and (3) little to no effector functions. Pls. Br. at 33. Defendants disagree that 

these properties were unexpected. Defs. Br. at 45-48. 

First, the Court finds that etanercept's ability to bind in Mode 2 with little to no aggregation 

was an unexpected result. For background, in order for etanercept to be effective, the TNFR in 

etanercept has to bind to TNF. 9/20 PM (Fleischmann) Tr. at 149:11-17. Etanercept is a bivalent 

fusion protein, which means that it has two binding sites. DFOF ,i 238. Dr. Naismith explained 

that fusion proteins like etanercept can potentially bind to TNF in either one of two ways: (1) 

Mode 1 binding, which occurs when a bivalent fusion protein binds two TNF cytokines at each of 

its two separate binding sites, (9/18 AM (Naismith) Tr. at 110:13-21 (explaining that etanercept 

has two "hand[s]," and that in "Mode l" binding each hand would attach to a different TNF 
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molecule)); or (2) Mode 2 binding, which occurs when a bivalent fusion protein binds one TNF 

with both binding sites.26 DFOF, 238; 9/24 AM (Skerra) Tr. at 39:25-41 :24; 9/18 AM (Naismith) 

Tr. at 110:10-111:13; Defendants' Trial Exhibit-84 at 5. While Mode 1 binding is very common 

in protein constructs similar to etanercept, (see 9/18 AM (Naismith) Tr. at 112:1-5), Mode 2 

binding, which occurs in etanercept, is much rarer because the receptors have to be precisely 

arranged for Mode 2 binding to work. See id. at 110:22-111:8. 

DFOF,238. 

Model 

Binds two sites 1n 
different target trimer 

Mode2 

Binds two sites in 
same target trimer 

Despite the fact that Mode 2 binding was uncommon in proteins similar to etanercept, 

etanercept swprisingly engages in Mode 2 binding, which is one of the reasons why it effectively 

treats rheumatoid arthritis.27 9/18 AM (Naismith) Tr. at 114:19-115:23. Plaintiffs' expert Dr. 

Naismith credibly explained that a POSA in 1990 would have expected etanercept to bind in Mode 

1 because Mode 1 had fewer limitations and, as a result, was much more likely in antibodies similar 

26 The Court notes that the parties' experts also discussed Mode 3 binding, which is an intermediate 
or transient step that could lead to either Mode 1 or Mode 2 binding. See 9/24 AM (Skerra) Tr. at 
39:25-41 :24; 9/18 AM (Naismith) Tr. at 111:9-13; DFOF, 238. 
27 Defendants' expert, Dr. Skerra, who testified that a POSA would not have expected aggregation, 
was later impeached on this point because he based his opinions on a molecule that was different 
from etanercept and ultimately agreed that a POSA would have expected a molecule with 
etanercept's exact construction to have caused aggregation. 9/24 AM (Skerra) Tr. at 81 :6-84:1. 
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to etanercept. Id. at 111:14-114:25. Etanercept's unexpected ability to bind in Mode 2 has 

important consequences. If etanercept had engaged in Mode 1 binding, aggregation would have 

resulted in the body-an undesired result for rheumatoid arthritis treatment as it leads to further 

inflammation. Id. at 112:13-19, 114:21-25. Mode 2 binding, however, results in little to no 

aggregation. 9/18 AM (Naismith) Tr. at 110:22-111:8. Hence, based on the state of the art in 

1990, the Court finds that there is sufficient evidence to support the fact that etanercept's lack of 

aggregation due to Mode 2 binding was an unexpected and crucial result. 

Second, a POSA would not have expected etanercept to bind fifty times stronger to TNF 

or to exhibit superior TNF-neutralizing properties. PFOF ,r 254; PTX-73 at 4; 9/18 AM (Naismith) 

Tr. at 116:7-118:3. According to Defendants' expert, Dr. Capon, a POSA at the time would have 

thought that the binding power of an lg fusion protein, such as etanercept, would have been weak. 

28 JTX-58 at 2 (stating that lg fusion proteins exhibit binding that is "indistinguishable" from 

binding as exhibited by soluble receptors, which were known to have weak binding strength at the 

time). Therefore, the fact that etanercept has strong binding capabilities would have been 

surprising to a POSA at the time. Moreover, etanercept's Mode 2 binding led to increased 

neutralization ofTNF because etanercept bound to TNF more efficiently, reducing the amount of 

TNF left in the cells and thereby decreasing TNF's inflammatory effect. 9/18 AM (Naismith) Tr. 

at 117:17-118:3. A POSA would have also been surprised by etanercept's ability to powerfully 

neutralize TNF given that etanercept's ability to bind without aggregation was unexpected. Id. at 

117: 9-19 (Dr. Naismith concluding that prior to August 1990, a POSA would not have expected 

28 Defendants, relying on GaldermaLabs., L.P. v. To/mar, Inc., 737 F.3d 731, 739 (Fed. Cir. 2013), 
argue that etanercept's ability to strongly bind to, and effectively neutralize, TNF was not 
unexpected because TNF was already known to bind and neutralize soluble TNFRs. Defs. Br. at 
46. However, this argument fails because the ability ofTNF to effectively bind to etanercept-a 
TNFR-Ig fusion protein-rather than to a soluble TNFR, was unknown and unexpected. See JTX-
58 at 2; 9/18 AM (Naismith) Tr. at 116:10-16, 117:7-118:3. 
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etanercept to produce the 1000-fold efficacy in TNF neutralization that etanercept is now known 

to produce). 

Third, prior to August 1990, a POSA would not have expected etanercept to produce little 

to no undesired effector functions. 9/18 PM (Greene) Tr. at 91:17-93:12, 100:10-101:10 (Dr. 

Greene testifying that it was a "surprise" and "unexpected result" that etanercept produced little or 

no CDC or ADCC effector functions. As discussed at length above, this result would have been 

unknown to a POSA prior to August 1990 and supports the assertion that etanercept produced 

unexpected results. Id. at 70: 17-71 :2 (Dr. Greene comparing etanercept to the prior art and 

testifying that, given the results of the testing with the CD4 fusion proteins, a POSA would have 

expected etanercept to exhibit effector functions); see also supra III.B.1.a. Accordingly, the Court 

concludes that this evidence of unexpected results weighs in favor of finding that the claims of the 

Patents-in-Suit are nonobvious. 

b) Praise and Clinical Success 

"Evidence that the industry praised a claimed invention or a product which embodies the 

patent claims weighs against an assertion that the same claim would have been obvious. Industry 

participants, especially competitors, are not likely to praise an obvious advance over the known 

art." WBIP, LLC, 829 F.3d at 1334. The Court may also look to evidence of Enbrel®'s clinical 

success. See KSR, 550 U.S. at 415 (concluding that with respect to the question of obviousness, 

courts should take "an expansive and flexible approach[,]" and noting that Graham "set forth a 

broad inquiry and invited courts, where appropriate, to look at any secondary considerations that 

would prove instructive"). Here, Plaintiffs offered ample evidence of praise and clinical success. 

In fact, Defendants' counsel conceded this at the beginning of trial. 9/11 AM (Opening) Tr. at 

49:20-25 (Defendants' counsel stating that they were "not going to dispute that Enbrel[®], the 

product, the etanercept product ... has not been ... commercially successful[,] ... clinically 
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successful[,] ... [and] praised."). In any event, the evidence at trial confirmed that etanercept has 

been highly praised as a drug that has "changed the practice of medicine." 9/14 (McCamish) Tr. 

at 41: 13-17. Enbrel® has been widely prescribed since its approval in 1998 and the number of 

prescriptions rose rapidly through 2008, despite shortages in supply and the entry of two major 

competitors into the market. 9/21 (Vellturo) Tr. at 14:22-15:19. 

Nevertheless, Defendants assert that Enbrel®'s success and praise is unpersuasive because 

Enbrel®'s achievements are not sufficiently connected to the asserted claims of the Patents-in

Suit. See DFOF, 335; 9/11 AM (Opening) Tr. at 49:25-50:10. The testimony at trial, however, 

established that Enbrel®'s success was largely rooted in the unexpected ability of etanercept, the 

claimed invention, to bind and neutralize TNF and its stability in the human body. 9/20 PM 

(Fleischmann) Tr. at 148: 16-149:20 (Dr. Fleischmann testifying that the success of etanercept was 

due to its molecular properties and efficacy). Therefore, the Court concludes that there is a 

sufficient nexus between the claimed invention, etanercept, and Enbrel® because the drug's 

successes result from the effectiveness and novelty of etanercept, Enbrel®'s active ingredient. 

WBJP, LLC, 829 F.3d at 1331 (holding that a nexus can be presumed when the asserted objective 

indicia is tied to a specific product and the product is the invention claimed in the patent). 

Moreover, as to whether this secondary consideration is reasonably commensurate in scope 

with the claims, Defendants contend that the evidence of Enbrel®'s success and praise ignores 

etanercept's failures in treating other conditions, such as Crohn's disease. Defs. Br. at 49. The 

Court has considered this argument and nonetheless concludes that Enbrel®'s success in treating 

rheumatoid arthritis-the focus of the litigation and the only use for which etanercept was FDA

approved in 1998-is probative of nonobviousness as etanercept was highly praised and extremely 
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successful in helping vast numbers of rheumatoid arthritis patients.29 9/20 PM (Fleischmann) Tr. 

at 148:16-150:20. Thus, praise and clinical success also weighs in favor ofnonobviousness. 

c) Long-Felt Need and Failure of Others 

"Evidence is particularly probative of obviousness when it demonstrates both that a 

demand existed for the patented invention, and that others tried but failed to satisfy that 

demand." In re Cyclobenzaprine Hydrochloride, 676 F.3d at 1082-83. In order to show 

satisfaction oflong-felt need, one must establish that (1) a POSA recognized a problem that existed 

for a long period of time without a solution, (2) the long felt need had not been satisfied by another 

before the claimed invention, and (3) the invention in fact satisfied the long-felt need. See Newell 

Cos., Inc. v. Kenney Mfg. Co., 864 F.2d 757, 768 (Fed. Cir. 1988); In re Cavanagh, 436 F.2d 491, 

495-96 (C.C.P.A. 1971); In re Gershon, 372 F.2d 535, 538-39 (C.C.P.A. 1967). 

The trial testimony showed that there was a long-felt need for a better treatment for 

rheumatoid arthritis and that Enbrel® was the first drug to successfully satisfy this need. Prior to 

Immunex's sale of Enbrel®, a drug known as methotrexate "was a drug of choice" to treat 

rheumatoid arthritis. 9/20 PM (Fleischmann) Tr. at 131:22-24, 135:21-136:3 (Dr. Fleischmann 

testifying that methotrexate was the best drug available to treat rheumatoid arthritis in the mid

I 990s, and that it was "the gold standard"). However, methotrexate could help only a small 

minority of patients. Pls. Br. at 35; 9/20 PM (Fleischmann) Tr. at 146:20-147:9. Although other 

research groups tried for decades to inhibit inflammation in the body, they failed to develop an 

effective solution before the claimed invention. 9/11 PM (Blobel) Tr. at 66: 13-67:6. After 

29 The Court has similarly considered that Plaintiffs presented data focusing on Enbrel®'s success 
during its first ten years on the market. The Court has weighed this evidence accordingly and finds 
that the evidence of Enbrel®'s success over this ten-year span is persuasive of nonobviousness. 
See Defs. Br. at 49-50. 
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Enbrel® was introduced into the market, approximately 70% of patients with rheumatoid arthritis 

found relief from this treatment. 9/20 PM (Fleischmann) Tr. at 139:2-17. 

In analyzing Plaintiffs' evidence as to this factor, the Court finds that a nexus is established 

because the community's long-felt need for an effective, wide-reaching rheumatoid arthritis drug 

was satisfied by the claimed invention itself. See id. at 139:8-24, 149:2-9, 146:20-147:9, 151:3-

17. Enbrel® was able to satisfy this need because of etanercept's ability to effectively neutralize 

and bind TNF while suppressing pro-inflammatory effector functions. 9/20 AM (Wall) Tr. at 

87: 11-24. Accordingly, the Court finds that Plaintiffs have presented sufficient evidence to show 

that etanercept met a long-felt need that many others failed to successfully address prior to 

etanercept. 

d) Copying 

There is no dispute that Defendants' biosimilar has the same amino acid sequences and 

structure as Enbrel®. See DFOF ,i,i 258-59. Plaintiffs ask the Court to find Defendants' copying 

as probative ofnonobviousness. Pls. Br. at 12. Defendants draw a comparison to Hatch-Waxman 

Act Abbreviated New Drug Application ("ANDA") cases with generic drugs, and counter that 

copying a biologic drug should not be evidence of nonobviousness for creation of a biosimilar 

because "copying by Sandoz reflects its efforts to meet the FDA standards for approval of 

biosimilar products." Defs. Br. at 50, DFOF ,i,i 258-59, 337. 

It is well settled that the copying of an invention can be indicative of nonobviousness. 

Diamond Rubber, 220 U.S. at 440-41 (finding "imitation" of a certain tire as a "concession to its 

advance beyond the prior art and of its novelty and utility"). In the pharmaceutical realm, however, 

copying is generally not considered evidence of nonobviousness for matters in the ANDA context. 

See, e.g., Bayer Healthcare Pharms., Inc. v. Watson Pharms., Inc., 713 F.3d 1369, 1377 (Fed. Cir. 
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2013) ("evidence of copying in the ANDA context is not probative of nonobviousness because a 

showing of bioequivalence is required for FDA approval") (citation omitted).30 

In order to obtain FDA approval for a biosimilar under the Biologics Price Competition 

and Innovation Act ("BPCIA"), "the applicant may piggyback on the showing made by the 

[original] manufacturer of a previously licensed biologic (reference product)" if the applicant can 

"show that its product is 'highly similar' to the reference product and that there are no 'clinically 

meaningful differences' between the two in terms of 'safety, purity, and potency."' Sandoz Inc. v. 

Amgen Inc., 137 S. Ct. 1664, 1670 (2017) (quoting 42 U.S.C. § 262(i)(2)(A), (B) and citing § 

262(k)(2)(A)(i)(l)). Specifically, as compared to the original biologic, the biosimilar is permitted 

to have "minor differences in clinically inactive components," but must be "interchangeable with 

the reference product." 42 U.S.C. § 262(i)(2)(A), (k)(4). This is similar to the ANDA process for 

FDA approval of generic drugs, which requires "a generic drug company [to] submit information 

to show, inter alia, that its generic drug and the relevant listed drug share the same active 

ingredients and are bioequivalent." Caraco Phann. Labs., Ltd. v. Forest Labs., Inc., 527 F.3d 

1278, 1282 (Fed. Cir. 2008) (citing 21 U.S.C. § 355G)(2)(A)(ii), (iv)). At trial, Plaintiffs presented 

testimony by deposition from Graham B. Jones, Ph.D., their expert on the FDA's practices and 

policies regarding demonstrating biosimilarity, which was not inconsistent with the Court's 

30 Plaintiffs cite to Merck Sharp & Dohme Corp. v. Hospira, Inc., an ANDA case in which the 
Federal Circuit found copying evidence of nonobviousness where the alleged infringer copied the 
"process of manufacturing the drug" in the patent. 874 F.3d 724, 726, 731 (Fed. Cir. 2017) 
( emphasis in original). The Court finds the facts of this case distinguishable from Merck. Here, 
Defendants presented credible testimony that they began developing their biosimilar in 2006, prior 
to the issuance of the Patents-in-Suit and prior to the BPCIA, and that they developed the 
biosimilar by utilizing etanercept's amino acid sequence directly from the commercial product 
Enbrel® due to an understanding that the amino acid sequence would need to be identical to 
etanercept for approval as a biosimilar. See 9/14 (McCamish) Tr. at 17:17-18:15, 84:15-85:6; 
JTX-83 (Alliger Deposition) at 9:85-10:90; DFOF ,i,i 258-59; Defs. Br. at 50. 
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analysis in this Opinion. See generally JTX-87 (Jones Deposition); DFOF at xv.31 Given the 

BPCIA abbreviated pathway for FDA approval and the testimony on the active ingredient at issue 

here, the Court finds that the same logic for not considering copying in ANDA cases would apply 

in this circumstance. 32 Thus, this factor cannot be used herein as evidence of nonobviousness. 

e) Simultaneous Invention 

Evidence of an independently made, simultaneous invention may be used in "some rare 

instances" to provide objective indicia of obviousness by showing that persons of ordinary skill in 

the art identified the same particular solution to a known problem. Geo. M Martin, 618 F.3d at 

1304 ( citations and internal quotations omitted); see Lindemann Maschinenfabrik GmbH v. Am. 

Hoist & Derrick Co., 730 F.2d 1452, 1460 (Fed. Cir. 1984). "Unlike the ultimate determination 

of obviousness, which requires courts to answer the hypothetical question of whether an invention 

'would have been obvious,' 35 U.S.C. § 103, simultaneous invention demonstrates what others in 

the field actually accomplished." Trustees of Columbia Univ. v. Illumina, Inc., 620 F. App'x 916, 

930 (Fed. Cir. 2015) (emphasis in original). Defendants assert four instances of alleged 

simultaneous invention of etanercept by: (1) Dr. Beutler at the University of Texas; (2) Dr. 

31 Jones testified that theoretically a proposed biosimilar could "encode a different primary amino 
acid sequence than the reference product," however the FDA guidance calls for evaluation "on a 
case-by-case basis." JTX-87 (Jones Deposition) at 5:33-34, 7:49-50, 8:54. Jones confirmed that 
he had not reviewed either of the Patents-in-Suit nor was he offering an opinion on whether Sandoz 
specifically "was required to use the same primary amino acid sequence as Enbrel® to obtain 
licensure of its etanercept product under the abbreviated pathway." Id. at 4:28. Furthermore, Jones 
could not "provide any examples of a biosimilar drug that's been approved by the FDA with an 
expression construct that encodes a different primary amino acid sequence as its reference 
product." Id. at 8:56. 
32 The Court notes that even if this factor could be used as evidence of nonobviousness in favor of 
Plaintiffs, such finding would not have any material impact on the outcome of the Court's 
obviousness analysis. 
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Ashkenazi at Genentech; (3) Dr. Lauffer of Behringwerke, who was working in collaboration with 

lrnmunex; and (4) Dr. Goodwin oflrnmunex. See DFOF ,i,i 10,223,228,233. 

Dr. Beutler, Dr. Ashkenazi, and Dr. Lauffer did not make etanercept, but rather different 

fusion proteins, and therefore their constructs cannot be used as evidence of simultaneous 

invention. See Endo Pharms. Inc. v. Actavis Pharms., LLC, 922 F.3d 1365, 1378 n.14 (Fed. Cir. 

2019), aff'g EndoPharms. Inc. v. Amneal Pharms., LLC, 224 F. Supp. 3d 368,381 (D. Del. 2016) 

(finding that alleged evidence of simultaneous invention can be disregarded for obviousness if it 

is not the same compound as the claimed invention); see also Shire Orphan Therapies LLC v. 

Fresenius Kabi USA, LLC, No. 15-1102, 2018 WL 2684097, at *20 (D. Del. June 5, 2018). Dr. 

Beutler of the University of Texas was working on a fusion protein that consisted of the 

extracellular region of p55 fused to a mouse IgG 1 with a two-cysteine hinge. See JTX-67 col. 7:5-

8; DFOF ,r 235; 9/18 PM (Greene) Tr. at 103:12-21; see also 9/20 AM (Wall) Tr. at 89:19-90:1. 

Dr. Ashkenazi at Genentech similarly constructed a fusion protein with p55 and a partial two

cysteine hinge. JTX-69 at 1; PFOF ,r 267; DFOF ,r 233. Behringwerke's Dr. Lauffer made a 

fusion protein with p75 and a three-cysteine hinge but deleted the last five amino acids of the C

terminus of the TNFR and also added a linker. PFOF ,r,r 269-71. The record does not demonstrate 

that Dr. Lauffer or anyone at Behringwerke contemplated using the full extracellular region ofp75 

or removing the linker, as was done in etanercept. Based on the evidence presented, the Court 

finds that the constructs of Dr. Beutler, Dr. Ashkenazi, and Dr. Lauffer do not support a finding of 

obviousness because these inventions did not contemplate etanercept. 

Roche's patent applications were already pending when Immunex created etanercept in 

November or December 1990. PFOF ,r,r 51,263. Immunex's subsequent decision to license the 

Patents-in-Suit from Roche demonstrates etanercept's inventive nature and undennines an 
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obviousness finding. See id. ,i,i 69-70; DFOF ,i 228. Moreover, a single instance of simultaneous 

invention cannot alone support a finding of obviousness for the following reasons. First, if one 

instance of simultaneous invention were sufficient to show obviousness, any claims involved in 

an interference would be unpatentable for obviousness, making interference proceedings futile. 

Lindemann Maschinenfabrik GmbH, 730 F.2d at 1460 (Fed. Cir. 1984) (concluding that because 

the statute governing interference "recognizes the possibility of near simultaneous invention by 

two or more equally talented inventors working independently, that occurrence may or may not be 

an indication of obviousness when considered in light of all the circumstances"). Second, even 

when evidence of simultaneous invention exists, the unexpected success of the claimed invention 

can preclude a finding of obviousness because surprising results demonstrate the true novelty of 

the invention, even if multiple inventors happened to discover it within a similar time period. See 

Regents of Univ. of Cal. v. Broad Inst., Inc., 903 F.3d 1286, 1291, 1295-96 (Fed. Cir. 2018) 

( declining to find obviousness despite strong evidence of six different simultaneous inventions 

because the results of the claimed invention were unpredictable and unexpected, thereby 

outweighing any potential probativeness of the simultaneous inventions). Accordingly, the Court 

finds that the Defendants' argument concerning the factor of simultaneous invention fails to 

support obviousness. 

j) Licensing 

The licensing of a patent is also objective indicia that a patent is not obvious. See 

Stratoflex, 713 F.2d at 1539 ("Recognition and acceptance of the patent by competitors who take 

licenses under it to avail themselves of the merits of the invention is evidence of 

nonobviousness."). Here, Defendants concede that Immunex obtained a license for the Patents

in-Suit from Roche in 1998. DFOF ,i 52; JTX-13. As such, the Court finds that the licensing 

factor also weighs in favor of nonobviousness. 
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Accordingly, for all of the above reasons, the Court fmds that Defendants have failed to 

prove by clear and convincing evidence that the Patents-in-Suit are obvious. 

C. Obviousness-Type Double Patenting 

The judicially-created doctrine of obviousness-type double patenting prevents a party from 

extending their right to exclude by obtaining a later patent with claims that are not patentably 

distinct from claims in a commonly-owned previous patent. In re Longi, 759 F.2d 887, 892 (Fed. 

Cir. 1985). "The purpose of the rule against double patenting is to prevent an inventor from 

effectively extending the term of exclusivity by the subsequent patenting of variations that are not 

patentably distinct from the first-patented invention." Applied Materials, Inc. v. Advanced 

Semiconductor Materials Am., Inc., 98 F.3d 1563, 1568 (Fed. Cir. 1996); see also Procter & 

Gamble Co. v. Teva Pharms. USA, Inc., 566 F.3d 989,999 (Fed. Cir. 2009). Thus, a preliminary 

step to fmd that the rule against obviousness-type double patenting was violated is to assess 

whether the patents or patent applications have a common inventor or common ownership. See 

Applied Materials, Inc., 98 F.3d at 1568; In re Longi, 759 F.2d at 895. 

Double patenting entails a two-pronged analysis. "First, as a matter of law, a court 

construes the claim in the earlier patent and the claim in the later patent and determines the 

differences." Eli Lilly & Co. v. Barr Labs., Inc., 251 F.3d 955, 968 (Fed. Cir. 2001) (citing Ga.

Pac. Corp. v. U.S. Gypsum Co., 195 F.3d 1322, 1326 (Fed. Cir. 1999)). "Second, the court 

determines whether the differences in subject matter between the two claims render the claims 

patentably distinct." Id. (citing Ga.-Pac. Corp., 195 F.3d at 1327). If the later claim is an "obvious 

variant" or obvious modification of the earlier claim, then the later claim is invalid for double 

patenting. In re Basel! Poliole.fine Italia S.P.A., 547 F.3d 1371, 1378-79 (Fed. Cir. 2008). 

An analysis of step two requires a determination of whether or not the claims are 

"patentably distinct," by "ask[ing] whether the identified difference renders the claims of the ... 
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[two] patents non-obvious to a person of ordinary skill in the art in light of the prior art." Amgen 

Inc. v. F. Hoffmann-La Roche, Ltd., 580 F.3d 1340, 1361 (Fed. Cir. 2009); see also Pfizer, Inc. v. 

Teva Pharms. USA, Inc., 518 F.3d 1353, 1363 (Fed. Cir. 2008); In re Kaplan, 789 F.2d 1574, 1580 

(Fed. Cir. 1986). "This part of the obviousness-type double patenting analysis is analogous to an 

obviousness analysis under 35 U .S.C. § 103, except that" the alleged invalidating reference patent 

itself "is not considered prior art" for purposes of the analysis. Amgen, 580 F.3d at 

1361. Specifically, an obviousness-type double patenting analysis requires an inquiry into the 

scope and content of the prior art, the level of skill in the art, and what would have been obvious 

to a POSA. See Studiengese/lschaft Kohle mbH v. N. Petrochemical Co., 784 F.2d 351, 355 (Fed. 

Cir. 1986). 

Defendants argue that the Patents-in-Suit (i.e., the '182 and '522 Patents) should be 

invalidated because Immunex has used the Patents-in-Suit to "obtain[] an unjustified timewise 

extension of its etanercept monopoly" in violation of 35 U.S.C. § 121. Defs. Br. at 6-15. 

Specifically, Defendants contend that the Patents-in-Suit are invalid for obviousness-type double 

patenting over (1) Roche's '279 Patent; (2) Immunex's U.S. Patent No. 5,605,690 ("the '690 

Patent"); and (3) three Immunex patents aimed at psoriasis and psoriatic arthritis, U.S. Patent Nos. 

7,915,225 ("'225 Patent"), 8,119,605 ('"605 Patent"), and 8,722,631 ('"631 Patent") ( collectively, 

"the Finck Patents"). Id. Plaintiffs counter that Defendants' challenges fail because (1) a safe 

harbor provision applies to the Roche '279 Patent, preventing an obviousness-type double 

patenting violation; (2) Defendants employ an incorrect doctrine to find common ownership over 

Immunex' s '690 Patent and Finck Patents, which is required before even conducting the traditional 

two-step analysis; and (3) the Patents-in-Suit are patentably distinct from the Roche '279 Patent, 

Immunex's '690 Patent, and Immunex's Finck Patents. Pls. Br. at 39-50. 
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In support of their arguments on obviousness-type double patenting, Defendants relied, to 

a large extent, on the following two of their witnesses: (1) Dr. Blobel, previously introduced in 

sections III.A and III.B, who is an expert in biophysics, particularly focusing on arthritis and tissue 

degeneration; and (2) John Parise, who testified via deposition and was Roche's fonner Senior 

Counsel and Managing Attorney involved in drafting and negotiating the 2004 Accord and 

Satisfaction on behalf of Roche. ECF No. 688 at 131 ,i 43, 137 at ,r 71; DFOF ,i,i xvi, 66. Plaintiffs 

relied heavily on (1) expert Stephen G. Kunin, J.D., an attorney who is the fonner Deputy 

Commissioner for Patent Examination Policy in the Office of the Commissioner for Patents in the 

USPTO and an expert in USPTO policies, practices, and procedures; and (2) Stuart Watt, former 

Vice President of Law and Intellectual Property Officer at Amgen, who was involved in the 

prosecution of the Patents-in-Suit and the negotiation and drafting of licensing agreements for the 

company. ECF No. 688 at 128 ,i 39, 137,i 73. 

The Court will first address Defendants' arguments with respect to Roche's '279 Patent, 

followed by Immunex's '690 Patent, and finally Immunex's Finck Patents. For the reasons set 

forth, the Court agrees with Plaintiffs that the Patents-in-Suit are not invalid for obviousness-type 

double patenting. 

1. The '182 Patent Is Not Invalid in View of Roche's '279 Patent 

Defendants argue that the '182 Patent should be invalidated based on Roche's '279 

Patent.33 Defs. Br. at 6-15. There is no dispute that Roche is the owner of both the '279 Patent 

and the '182 Patent and therefore common ownership exists. However, Plaintiffs contend that any 

33 Defendants stipulated at trial that the Safe Harbor provision of35 U.S.C. § 121 protects the '522 
Patent against a challenge based on Roche's '279 Patent. Pls. Br. at 39; 9/21 Tr. at 9:7-16 (defense 
counsel acknowledging, at trial, that the Safe Harbor provision protects the '522 Patent from any 
challenge based on the '279 Patent). The analysis herein will therefore solely focus on the validity 
of the '182 Patent as it relates to Roche's '279 Patent. 
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challenge based on the '279 Patent must fail because of the safe harbor provision in 35 U.S.C. § 

121 ("Safe Harbor"). The Safe Harbor provision protects applicants from obviousness-type double 

patenting invalidity when they are forced to pursue inventions in separate patent applications as a 

result of a "restriction requirement" set by the USPTO, here in the filing of related divisional 

applications. See 35 U.S.C. § 121; Pis. Br. at 39-41. The Court will first examine Plaintiffs' 

argument that the Safe Harbor provision protects the '182 Patent from being invalidated by 

Roche's '279 Patent for obviousness-type double patenting and then go through the traditional 

obviousness-type double patenting analysis comparing the asserted claims of the '182 Patent to 

Roche's '279 Patent claims. 

a) Roche's '279 Patent 

i. Background on the '279 Patent 

Roche's first patent application covering the claimed invention, the '013 Application, was 

filed in September 1990. PFOF, 51; DFOF, 38. That application was abandoned and the '640 

Application, which also covered the claimed invention, was filed in July 1993. PFOF, 57; DFOF 

,, 38-39. During patent prosecution, the USPTO placed a restriction requirement on the '640 

Application, requiring Roche to "elect one of three distinct inventions" and choose "between the 

p55 and p75 protein." DFOF , 40. Roche elected to pursue claims related to the p55 fusion 

protein, which resulted in the '279 Patent being issued in March 1997. PFOF, 57; DFOF ,, 39-

40. In order to pursue the non-elected claims, i.e. those related to the p75 fusion protein, Roche 

was required to file separate divisional applications. In May 1995, Roche filed the '790 

Application, which eventually issued as the '182 Patent. PFOF, 57. 
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ii. The Safe Harbor Provision Protects the Claims of the '182 
Patent in View of the '279 Patent 

The Court finds that the Safe Harbor provision protects the claims of the '182 Patent from 

Defendants' invalidity argument based on the '279 Patent. Under the Safe Harbor provision, a 

patent cannot be invalidated for obviousness-type double patenting if the subject patent was issued 

from a divisional application that was filed as a result of a requirement for restriction. 35 U.S.C. 

§ 121; see Symbol Techs., Inc. v. Opticon, Inc., 935 F.2d 1569, 1579 (Fed. Cir. 1991). There are 

three requirements for invoking the protection of the Safe Harbor provision: (1) a restriction 

requirement, (2) a divisional application filed as a result of the restriction requirement, and (3) 

consonance with the restriction requirement. 35 U.S.C. § 121. 

At trial, Plaintiffs' expert Steven G. Kunin explained the USPTO's policy, practice, and 

procedure related to the Safe Harbor protection afforded to "applicants who are forced to file 

multiple patent applications." 9/21 (Kunin) Tr. at 69:18-20. Based on his experience with the 

USPTO for more than thirty-four years, ten of which were spent as the Deputy Commissioner, Mr. 

Kunin described the procedure for restriction requirements and divisional applications. Id. at 66:5-

68:9, 69:21-70:24. He explained that if an "applicant claimed more than one independent and 

distinct invention" in a parent application, the applicant would be forced to file a divisional patent 

application to ensure "administrative efficiency and effectiveness." Id. at 69:23-70:7. If the 

applicant still wished to obtain a patent for the other inventions initially included in the parent 

application, the applicant would need to file a "divisional application." Id. at 70:8-24. This 

divisional application would be prohibited from rejection on obviousness-type double patenting 

grounds over the claims of the parent application based on the Safe Harbor provision. Id. The 

Safe Harbor provision was created for the specific purpose of preventing "unfairness by penalizing 

the applicant who would do ... what the examiner had requested by electing an invention, filing 
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a divisional and seeking the examination of the withdrawn claims in the parent in the divisional." 

Id. at 70:25-71:7. 

As to the instant case, Mr. Kunin testified that the USPTO placed a restriction requirement 

on the '640 Application (which became the '279 Patent) during its prosecution. PFOF ,i,i 278-82; 

DFOF ,i,i 40-41; see also 9/21 (Kunin) Tr. at 69:23-70:2 (Mr. Kunin testifying generally that when 

"the examiner required the applicant to elect only one of those inventions for search and 

examination" it is "known as a restriction requirement"). According to the restriction requirement, 

Roche was obligated to choose between prosecuting claims of either p55 or p75 TNFR. PFOF ,i 

280; DFOF ,i 50. Roche elected claims relating to p55 TNFR, which resulted in the '279 Patent. 

PFOF ,i 285; DFOF ,i 50. Thereafter, the p75 TNFR claims were pursued in a divisional 

application that led to the '182 Patent. PFOF ,i 285. Plaintiffs therefore meet the first two 

requirements because there was both a restriction on the application underlying the '279 Patent 

and a divisional application filed as a result of that restriction. 

Defendants do not challenge the fact that there was a restriction on the application for the 

'279 Patent and that the Patents-in-Suit were the result of divisional applications filed based on 

that restriction. DFOF ,i,i 40-41, 45 ("[d]uring the prosecution of the '279 patent, the examiner 

issued a restriction requirement" and "[ f]ollowing the restriction requirement, Roche filed 

divisional applications from the '279 patent application," one of "which led to the '182 patent"). 

The focus of Defendants' Safe Harbor challenge for the ' 182 Patent therefore appears to be based 

on the third requirement of consonance. Id. ,i,i 298-301. Consonance is a judge-made principle 

that states that the divisional application cannot reclaim the invention, which was elected and 

examined in the parent. See Symbol Techs., 935 F.2d at 1579 ("Consonance requires that the line 

of demarcation between the 'independent and distinct inventions' that prompted the restriction 
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requirement be maintained.") (quoting Gerber Garment Tech., Inc. v. Lectra Sys., Inc., 916 F.2d 

683, 688 (Fed. Cir. 1990)); see also 9/21 (Kunin) Tr. at 76:5-8. In other words, just as the parent 

patent application must elect a distinct invention as a result of the restriction requirement, so too 

must the subsequent divisional application refrain from claiming the elected invention from the 

parent application. Where the principle of consonance is violated, the Safe Harbor provision "will 

not apply to remove the parent [patent] as a reference" in an obviousness-type double patenting 

analysis. See Symbol Techs., 935 F.2d at 1579. 

Here, Roche's '279 Patent elected claims relate to p55 TNFR from the original patent 

application as a result of the restriction requirement. Immunex and Amgen then amended the 

subsequent '790 Application (a divisional of the '279 Patent application) which became the '182 

Patent, to include claims for p75. See PTX-6.280. That amendment was made in response to a 

rejection by the USPTO, approximately ten years after the application for the '182 Patent was 

originally filed34 and brought the claims into consonance with the restriction requirement. PTX-

6.332; 9/21 (Kunin) Tr. at 87:19-90:9 (Mr. Kunin explaining the patent prosecution history and 

when the patent applications were brought into consonance). Defendants take the position that the 

amount of time it took for Roche to amend the claims of the ' 182 Patent to bring them into 

consonance with the restriction requirement should result in invalidity of the patent, "because the 

applicants failed to maintain consonance throughout the prosecution of the '182 patent 

application." (DFOF 11298-99). 

34 As discussed further below, the Court notes that Plaintiffs' expert Mr. Kunin testified that he 
reviewed the prosecution history and prior to the amendment, there "was something like three 
years, in which the applicant submitted like six status requests because the Office hadn't been 
working on them" and also "the '182 patent ... was lost for a couple of years" by the USPTO. 
9/21 (Kunin) Tr. at 104:15-105:18. 
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The USPTO allows application amendments at any time and does not provide temporal 

limits for the Safe Harbor provision to apply. See 35 U.S.C.§ 121 (including no time limits as to 

when Safe Harbor applies, so long as "divisional application is filed before the issuance of the 

patent on the other application"); see also 9/21 Tr. (Kunin) at 90:22-91:5 (Mr. Kunin testifying 

that "[t]here's nothing in [the relevant section that] talks about time limits. So long as the applicant 

is still permitted to amend claims, then if the claims during that period prior to issuance are 

amended to bring them back into consonance, then the safe harbor will apply."). Moreover, an 

inquiry into whether the Safe Harbor rule applies requires analysis of the issued claims. 

Boehringer Ingelheim Int'/ GmbH v. Barr Labs, Inc., 592 F.3d 1340, 1354 (Fed. Cir. 2010) 

(explaining that, when doing a Safe Harbor analysis, the proper inquiry is on the issued claims). 

Defendants have not presented case law or trial testimony to indicate by clear and convincing 

evidence that the timing of the amendment or the content of pre-amendment application claims 

bear any legal significance. Based on its analysis of the issued claims, the Court concludes that 

the Safe Harbor provision protects the '182 Patent such that it cannot be invalidated for 

obviousness-type double patenting because the '182 Patent was (1) the result of a divisional 

application, (2) based on a restriction requirement issued by the USPTO, and (3) in consonance 

with that restriction requirement. 

b) The Claims of the '279 Patent Are Patentablv Distinct from the 
'182 Patent 

Even assuming the Safe Harbor provision did not protect the '182 Patent from invalidity 

based on obviousness-type double patenting, the Court nonetheless finds that the '182 Patent is 

patentably distinct from the '279 Patent and therefore not invalid for obviousness-type double 

patenting. To determine whether the claims are patentably distinct, the Court must compare the 

two patents at issue and decide whether the '182 Patent is an obvious modification of the earlier-
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issued '279 Patent. If the later claim is an "obvious variant" or obvious modification of the earlier 

claim, according to a POSA, then the later claim is invalid for non-statutory double patenting. In 

re Basell Poliolejine Italia S.P.A., 547 F.3d at 1378-79. The Court concludes that the claims of 

the '182 Patent are patentably distinct from the '279 Patent for the reasons stated herein. 

The '279 Patent relates to an "invention [that] is concerned with non-soluble proteins and 

soluble or insoluble fragments thereof, which bind TNF, in homogenous form." '279 Patent (JTX-

5) at "Abstract". All claims of the '279 Patent relate to a p55 TNFR. Id. at col. 24:11-21. Claim 

1 is for a p55 TNFR and all of the remaining claims in the '279 Patent depend on Claim 1. Hence, 

the '279 Patent involves a p55 TNFR that is fused to an immunoglobulin. Id. 

In contrast, the '182 Patent claims, in part, an insoluble human TNFR that "has an apparent 

molecular weight of about 75 kilodaltons," which specifically binds human TNF. '182 Patent 

(JTX-1) col. 39:18-19. Throughout Defendants' contentions regarding the patent specification, 

Defendants acknowledge that p55 TNFR is distinct from p75 TNFR. DFOF ,r 125. During 

prosecution of the '279 Patent application, the USPTO required Roche to elect either the p55 or 

the p75, acknowledging that p55 and p75 were patentably distinct. JTX-9 at 118 ("The proteins 

are unobvious in view of each other .... "); see also 9/21 (Kunin) Tr. at 83:5-84: 19. Accordingly, 

the Court finds that there are significant distinctions between the '279 and '182 Patents such that 

the patents would not have been modifications obvious to a POSA in 1990. Therefore, the Court 

concludes that the '182 Patent is not invalid for obviousness-type double patenting based on the 

'279 Patent. 

2. The Patents-in-Suit Are Not Invalid over the '690 Patent and the 
Finck Patents 

Defendants argue that the Patents-in-Suit are obvious over Immunex's '690 Patent and 

Immunex's Finck Patents (consisting of the '225, '605, and '631 Patents) (collectively, the 
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"lmmunex Patents"). Defs. Br. at 6-20. However, common ownership is required for obviousness

type double patenting. In re Longi, 759 F.2d at 893-95. While Roche is the recorded owner of the 

Patents-in-Suit, Defendants contend that the 2004 Accord and Satisfaction was tantamount to an 

assignment to Immunex, making Immunex a common owner of the Patents-in-Suit and the 

lmmunex Patents. Defs. Br. at 6-15. Specifically, Defendants claim that the Accord and 

Satisfaction transferred "all substantial rights" from Roche to lmmunex, resulting in lmmunex's 

ownership of the Patents-in-Suit and an impermissible extension of Plaintiffs' monopoly over 

etanercept. Id. at 7-14. Plaintiffs argue that the Accord and Satisfaction did not transfer ownership 

from Roche to Immunex, and instead granted a license. Pls. Br. at 41-47. Plaintiffs further aver 

that even if the Patents-in-Suit were commonly owned, Defendants have not met their burden to 

show that the Patents-in-Suit are patentably indistinct from the lmmunex Patents. Id. at 47-50. 

The Court will first address the common ownership issue and then discuss the '690 Patent 

and the Finck Patents. 

a) The Accord and Satisfaction Does Not Create Common Ownership 

In 1999, Immunex licensed Roche's pending patent applications, which became the 

Patents-in-Suit, effective back to the FDA approval date ofEnbrel® in 1998. PFOF ,i 70. Under 

the license, lmmunex was required to pay Roche "tens of millions of dollars." Id. Non-party 

Amgen Inc. acquired lmmunex in 2002. Id. ,i 71. Later, Roche entered into the Accord and 

Satisfaction with Amgen Inc. and its affiliates, including Immunex, which was executed on June 

7, 2004. JTX-12; PFOF ,i 71. Thereunder, Amgen Inc. and Immunex fully paid their outstanding 

royalty obligations to Roche and received an exclusive license to the Patents-in-Suit.35 PFOF ,i 

35 At that time, the applications for the Patents-in-Suit were still pending and had not yet been 
issued. 
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71. hnmunex and Amgen Inc. received the following rights as they pertained to the eventual 

Patents-in-Suit and their then-pending applications: (1) an "irrevocable, exclusive license, with 

the sole right to grant sublicenses" of the Patents-in-Suit; (2) the exclusive right to practice under 

the Patents-in-Suit in North America; (3) the exclusive right to prosecute the Patents-in-Suit; (4) 

the right to select outside counsel for the prosecution of the Patents-in-Suit; (5) the first right to 

bring an infringement action in connection with the Patents-in-Suit; and (6) the right to retain all 

profits that result from any infringement litigation brought by Amgen Inc. or hnmunex. JTX-12 

at 4-7 ( § § 3 .1-3 .6). Roche retained the rights to (1) sue for infringement if Amgen Inc. does not, 

(2) choose its partners under the license agreement, and (3) use the inventions for non-clinical 

research. PFOF ,i,i 304-06; DFOF ,i,i 53, 62. The rights conferred by Roche through the Accord 

and Satisfaction were later consolidated in hnmunex by a separate agreement, and hnmunex 

"sublicensed exclusive rights related to Enbrel®'s commercialization to Amgen."36 JTX-14; 9/24 

PM (Watt) Tr. at 28:20-29:8; JTX-15 at 3; PFOF ,i,i 4-5. 

To use the hnmunex Patents to invalidate the Patents-in-Suit, hnmunex must first be a 

common owner to both sets of patents, in accordance with the obviousness-type double patenting 

doctrine. In re Longi, 759 F.2d at 892. Defendants' argument of common ownership is that the 

2004 Accord and Satisfaction transferred "all substantial rights" from Roche to Amgen and 

hnmunex and any rights that Roche did retain were illusory. Defs. Br. at 7-20; see also Speedplay, 

Inc. v. BeBop, Inc., 211 F.3d 1245, 1249-50 (Fed. Cir. 2000). Defendants therefore ask the Court 

to find first that the transfer of all substantial rights is the legal equivalent of common ownership, 

36 While the Accord and Satisfaction was negotiated with non-party Amgen Inc., the rights were 
later consolidated in hnmunex. JTX-14. For ease of reference the Court will refer to hnmunex, 
which is a party to this action and currently retains the rights discussed in the Accord and 
Satisfaction. 
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which is necessary for obviousness-type double patenting invalidation, and second that the Accord 

and Satisfaction transferred all substantial rights. 

Defendants' cases in support of their common ownership argument all analyze indicia of 

common ownership for the purpose of determining whether a party had what is referred to as 

"prudential standing" to sue, and not ownership for the purpose of obviousness-type double 

patenting. See Diamond Coating Techs., LLC v. Hyundai Motor Am., 823 F.3d 615, 618-19 (Fed. 

Cir. 2016); Luminara Worldwide, LLC v. Liown Elecs. Co., 814 F.3d 1343, 1349-50 (Fed. Cir. 

2016); Speedplay, 211 F.3d at 1249-50; Vaupel Textlimaschinen KG v. Meccanica Euro Italia 

SPA, 944 F.2d 870, 875 (Fed. Cir. 1991); EMC Corp. v. Pure Storage, Inc., 165 F. Supp. 3d 170, 

178 (D. Del. 2016). For example, although the Federal Circuit in Diamond Coating made 

observations about what constitutes ownership, Defendants correctly concede that the observations 

were made in the context of deciding whether the plaintiff had standing or the right to sue under 

the subject patent, which is not the question currently before this Court. 37 See Diamond Coating, 

823 F.3d at 617-19; see also Speedplay, 211 F.3d at 1250. 

Here, the matter is not within the "standing to sue" context, and thus the ownership caselaw 

presented by Defendants is not directly applicable. However, even assuming those cases apply, 

the Court finds that Roche remained the owner of the Patents-in-Suit because the Accord and 

Satisfaction did not confer all substantial rights on hnmunex. First, the Court finds that the parties 

specifically intended for the Accord and Satisfaction to be a license such that Roche would remain 

37 Defendants have not cited to, nor has this Court found, any caselaw that has extended or applied 
the "all substantial rights" test to render a patent invalid pursuant to the obviousness-type double 
patenting doctrine. The purpose of the doctrine of obviousness-type double patenting is to prevent 
the same inventor and/or owner of an invention from extending their patent terms over the same 
invention or an obvious variant thereof. Gilead Scis., Inc. v. Natco Pharma Ltd., 753 F.3d 1208, 
1212 (Fed. Cir. 2014) ("[T]he doctrine of double patenting was primarily designed to prevent ... 
harm [to the public] by limiting a patentee to one patent term per invention or improvement."). 
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the owner of the Patents-in-Suit. "To determine whet.her an exclusive license is tantamount to an 

assignment, [the Court] 'must ascertain the intention of the parties [to the license agreement] and 

examine the substance of what was granted."' Alfred E. Mann Found. For Sci. Research v. 

Cochlear Corp., 604 F.3d 1354, 1359 (Fed. Cir. 2010) (quoting Mentor HIS, Inc. v. Med. Device 

All., Inc., 240 F.3d 1016, 1017 (Fed. Cir. 2001)); see also AsymmetRx, Inc. v. Biocare Med., LLC, 

582 F.3d 1314, 1319 (Fed. Cir. 2009) ("To determine whether an assignment of patent rights was 

made, we must examine whether the agreement transferred all substantial rights to the patents and 

whether the surrounding circumstances indicated an intent to do so.") (internal citations omitted)). 

A district court's interpretation of a contract presents a question of law. Alfred E. Mann, 604 F.3d 

at 1359. To the extent that determining the intention of the parties to the license agreement requires 

evaluation of evidence outside of the contract, the district court's evaluation presents a question of 

fact. Id. 

The evidence during trial demonstrated that the parties agreed to draft the Accord and 

Satisfaction as a license, and not an assignment of all rights. On the face of the Accord and 

Satisfaction itself, the transfer of rights in North America to Amgen is expressly called a 

"[l]icense," in contrast to the transfer of rights outside of North America to non-party Wyeth BV, 

which is expressly called an"[ a ]ssignment." Compare JTX-12 at 4 ("Article 3 License to Amgen" 

granting "to Amgen and its Affiliates a paid-up, irrevocable, exclusive license, with the sole right 

to grant sublicenses") with id. at 3 ("Article 2 Assignment to Wyeth BV" stating Roche "hereby 

agrees to assign, and will cause its Affiliates to assign"). Under the Accord and Satisfaction with 

respect to the Patents-in-Suit in North America, Roche maintained a second right to sue for 

infringement, including a right to determine whether an assignment or sub licence would be granted 

to cure the infringement, and retained the right to practice the invention. PFOF ,r,r 304-05; DFOF 
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,, 53, 62. In contrast, the Accord and Satisfaction expressly assigned to non-party Wyeth BV "all 

right, title and interest in and to" the Patents-in-Suit outside of North America and acknowledges 

that "Wyeth BV has succeeded to all of Roche's and its Affiliates' right, title, interest, benefit, and 

standing to receive all rights and benefits" pertaining to the Patents-in-Suit outside of North 

America. JTX-12 at 3-4. 

Moreover, the Court heard the testimony of Stuart Watt, Amgen's Vice President of Law 

and Intellectual Property Officer, who engaged in negotiations with Roche on behalf of Immunex 

and Amgen. See 9/24 PM (Watt) Tr. at 20:21-23, 25:15-18. Watt credibly testified that it was 

more valuable to hnmunex for Roche to remain as the owner of the Patents-in-Suit. See id. at 

29:11-22. Watt stated that, based on his past litigation experience, it was important for Roche to 

have an obligation to participate in litigation as a party, rather than have the mere contractual duty, 

which could easily be breached. Id. at 29:15-31:14. The fact that the parties thoughtfully 

negotiated and ultimately agreed to draft the portion of the Accord and Satisfaction pertaining to 

North America and Amgen as a license presents strong evidence that the parties intended for the 

Accord and Satisfaction to be treated as a license, rather than an assignment. 

While Defendants believe the rights retained by Roche for the Patents-in-Suit in North 

America are "illusory" or insignificant, the Court disagrees. As explained at trial, Roche still 

possessed the power to bring a patent infringement action if the Immunex Plaintiffs failed to do 

so. See 9/24 PM (Watt) Tr. at 39:2-25. The Federal Circuit has found that a second right to sue is 

in fact a substantial right retained. Alfred E. Mann, 604 F.3d at 1361-62. According to the 

language of the Accord and Satisfaction, if Roche initiates a suit for infringement, the suit is solely 

within the control of Roche but Immunex has a duty to cooperate during the suit. See JTX-12 at 

6 (§ 3.6). Importantly, while Immunex had the right to sublicense, Immunex could not end a 
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Roche-initiated lawsuit by granting a sublicense on its own. See id. Moreover, Roche could veto 

the assignment of Immunex's rights to a third party, which suggests that the parties envisioned the 

agreement to be a license. See id. at 14 (§ 11 .4). This scenario is distinguishable from a situation 

where the licensee can grant a license to end a licensor-initiated lawsuit. See, e.g., Speedplay, 211 

F.3d at 1251. Ultimately, Roche's own enforcement capabilities, in the event Immunex chooses 

not to sue, are not nullified by Immunex's separate right to sublicense. 

Furthermore, Roche maintained the right to practice the invention. JTX-12 at 4 (§ 3.2) 

(Roche "reserves for itself and its Affiliates the right to practice" the invention in North America 

"for internal, non-clinical research"). In AsymmetRx, Inc., the licensor also retained the right to 

practice the patents "for academic research" and the court noted that as one factor in finding that 

the licensor did not transfer all substantial rights. 582 F .3d at 1320 ( considering the retained "right 

to make and use the [patented compound] for its own academic research purposes," in ultimate 

conclusion that rights conveyed were a license). Because Roche retained not only a right to sue 

for infringement, but a right to veto assignments or sub licenses, and the right to practice the patent, 

the Court finds that Roche did not convey all substantial rights. 

In sum, should the "all substantial rights" test have a place in this case, Roche has 

nonetheless retained certain substantial rights and accordingly, ownership of the Patents-in-Suit 

did not transfer to Immunex. As stated above, common ownership or having at least one common 

inventor is a required element for the Patents-in-Suit to be invalid under the obviousness-type 

double patenting doctrine. In re Longi, 759 F.2d at 893-95. Hence, Defendants cannot establish 

common ownership and/or inventorship to support invalidity of the Patents-in-Suit pursuant to the 

doctrine of double patenting over the '690 and the Finck Patents based on Defendants' all 

substantial rights argument. 
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b) The Claims ofthe Immunex Patents Are Patentably Distinct from 
the Patents-in-Suit 

Due to the Court's finding of no common ownership, the remaining portions of this 

Opinion are not necessary to the Court's ultimate conclusion on obviousness-type double 

patenting. Nevertheless, even assuming the Court had found common ownership, the Court finds 

that the lmmunex Patents (the '690 and Finck Patents) are patentably distinct from the Patents-in

Suit and therefore the Patents-in-Suit are not invalid. According to the law of double patenting, 

the Court must first ask: "[i]s the same invention being claimed twice?" Gen. Foods Corp. v. 

Studiengesellschaft Kohle mbH, 972 F.2d 1272, 1278 (Fed. Cir. 1992) (citing In re Vogel, 422 

F.2d 438, 442 (C.C.P.A. 1970)). If the answer to the first question is no, then the Court must ask: 

"[ d]oes any claim in the application define merely an obvious variation of an invention claimed in 

the patent asserted as supporting double patenting?" Id. If the answer to that question is no, there 

is no double patenting. Id. That is, if the claim at issue "defines more than an obvious variation, 

it is patentably distinct" and any double patenting argument would fail. Id. When conducting this 

analysis, the claims must be read as a whole. Id. 

When construing a claim in an earlier patent against a claim in a later patent, the Court 

needs to determine whether the differences in subject matter between the two claims render the 

claims patentably distinct. Eli Lilly & Co., 251 F.3d at 968 (citing Ga.-Pac. Corp., 195 F.3d at 

1326). If, according to a POSA, the later claim is an obvious modification of the earlier claim, 

then the later claim is invalid for non-statutory double patenting. In re Basell Poliolefine Italia 

S.P.A., 547 F.3d at 1378-79. 

The Court will first address Defendants' claims as to the '690 Patent, and then will examine 

the claims regarding the Finck Patents. 
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i. The '690 Patent Is Patentably Distinct from the Patents-in
Suit 

The '690 Patent, entitled "Methods of Lowering Active TNF-a Levels in Mammals Using 

Tumor Necrosis Factor Receptor," issued on February 25, 1997 and expired on February 25, 2014. 

'690 Patent (JTX-42); DFOF, 97. There is no dispute that Immunex is the proper owner of the 

'690 Patent. ECF No. 688 at 36 ,, 147-48. The parties dispute whether the asserted claims from 

the Patents-in-Suit are invalid in view of Claim 3 of the '690 Patent. Primarily, the parties dispute 

the meaning of the term "fused to the constant domain of an immunoglobulin" contained in the 

'690 Patent. Defendants argue that the '690 Patent's claim scope includes etanercept because the 

claimed chimeric antibody could have been fused to an immunoglobulin in the same way described 

in the Patents-in-Suit. Defs. Br. at 17. Plaintiffs disagree and state that the Patents-in-Suit do not 

cover the fusion of a TNFR to "the constant domain of an immunoglobulin" because etanercept's 

construction requires the removal of a portion of the constant domain, namely CHI and the light 

chain of the IgGl immunoglobulin. Pls. Br. at 48. In the alternative, Defendants assert that even 

if the claim is not construed to cover etanercept exactly, the prior art would have led a POSA to 

modify the claimed protein to create etanercept. Defs. Br. at 15. By contrast, Plaintiffs contend 

that Claim 3 of the '690 Patent does not include etanercept and therefore the inventions claimed 

in the Patents-in-Suit are patentably distinct. Pls. Br. at 48. The Court finds that Defendants have 

not demonstrated by clear and convincing evidence that the claims in the '690 Patent are patentably 

indistinct from the claims in the Patents-in-Suit-the '182 and '522 Patents. 
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Claim 3 of the '690 Patent is directed to "a method for lowering the levels of active TNF

a." by using a chimeric antibody38 consisting of"a TNF receptor comprising the sequence of amino 

acids 3-163 of SEQ ID N0:1 fused to the constant domain ofan immunoglobulin molecule." '690 

Patent (JTX-42) col. 33:66-34:54. In other words, Claim 3 "requires that the p75 TNF receptor 

has to be fused to the constant domain of an immunoglobulin molecule" which "would include 

CHl, the hinge, CH2, CH3 and the constant region on the variable region." 9/12 PM (Blobel) Tr. 

at 69:15-18, 70:2-7. In fact, the specification of the '690 Patent describes a chimeric antibody as 

a molecule "having TNFR sequences substituted for the variable domains of either or both of the 

immunoglobulin heavy and light chains and having unmodified constant region domains." '690 

Patent (JTX-42) col. 7:42-46 (emphasis added). 

In comparison, the Patents-in-Suit claim a fusion protein with "all of the domains of the 

constant region of a human immunoglobulin lgG heavy chain other than the first domain of said 

constant region"(' 182 Patent (JTX-1) col. 39: 13-25) ( emphasis added) and methods of making it 

('522 Patent (JTX-2)). Critically, both the '182 and the '522 Patents exclude the CHl and the light 

chain of the lgGl immunoglobulin. See '182 Patent (JTX-1) col. 39:13-25; '522 Patent (JTX-2) 

col. 46:59-47:3. The Patents-in-Suit cover the fusion of p75 to the hinge-CH2-CH3 of the constant 

domain of lgG 1. Id. 

Therefore, the Court finds that the chimeric antibody of the '690 Patent could not have 

been etanercept because the constant region domains include CH 1. In other words, the '690 Patent 

requires the use of the CHl domain and light chain of the lgGl, while the Patents-in-Suit 

specifically require the removal of both of these items. Compare '690 Patent (JTX-42) col. 33:66-

38 As defined in the '690 Patent, a chimeric antibody is a "molecule having TNFR sequences 
substituted for the variable domains of either or both of the immunoglobulin heavy and light chains 
and having unmodified constant region domains." 9/12 (Blobel) AM Tr. at 24:9-18. 
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34:54 with '182 Patent (JTX-1) col. 39:46-49 and '522 Patent (JTX-2) col. 45:57-60. Thus, the 

Patents-in-Suit are patentably distinct from the '690 Patent. 

Lastly, Defendants argue that even if Claim 3 of the '690 Patent was strictly construed to 

include the complete constant domain for the light chain and the heavy chains, etanercept only 

differs in the removal of the light chain and the CHI domain from the lgG 1, which would have 

been obvious to a POSA. Defs. Br. at 15. However, as the Court previously stated above, it would 

not have been obvious to a POSA to modify the constant region domain in this way and combine 

it with a p75 TNFR. See supra Ill.B. 

For these reasons, the Court finds that Defendants have failed to prove by clear and 

convincing evidence that the Patents-in-Suit are invalid in light of the '690 Patent based on 

obviousness type double patenting. 

ii. The Patents-in-Suit Are Not Invalid In View of the Finck 
Patents 

The patents referred to collectively as the Finck Patents are comprised of the following 

three patents: (1) the '225 Patent entitled "Soluble Tumor Necrosis Factor Receptor Treatment of 

Medical Disorders," issued on March 29, 201 I; (2) the '605 Patent entitled "Soluble Tumor 

Necrosis Factor Receptor Treatment of Medical Disorders," issued on February 21, 2012; and (3) 

the '631 Patent entitled "Soluble Tumor Necrosis Factor Receptor Treatment of Medical 

Disorders," issued on May 13, 2014. JTX-39 ("'225 Patent"); JTX-40 ("'605 Patent"); JTX-41 

("'631 Patent"). The Finck Patents will expire on August 13, 2019 and there is no dispute that 

Immunex is the proper owner.39 Defendants claim that the Patents-in-Suit are invalid for 

obviousness-type double patenting in view of the Finck patents. Defs. Br. at 14-15. The parties 

39 The Finck Patents expire on the same day because each is subject to a terminal disclaimer 
pursuant to 37 CFR § 1.321. 
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disagree as to whether the one-way test or two-way test shall be used to compare the Finck Patents 

and the Patents-in-Suit.40 Part of that issue is a question of how and to what extent the amendments 

to the General Agreement on Tariffs and Trade ("GA TT") impact an obviousness-type double 

patenting analysis.41 Next, the parties disagree as to whether the Patents-in-Suit are patentably 

distinct from the Finck Patents. These arguments will be addressed in turn. 

a. The Two-Way Test Shall Apply to Analysis of the 
Finck Patents 

Invalidity for obviousness-type double patenting is a question of law based on underlying 

factual inquiries. See Eli Lilly & Co. v. Teva Parenteral Meds., Inc., 689 F.3d 1368, 1376 (Fed. 

Cir. 2012). Under the "one-way" test, the court determines whether the asserted patent claim is 

patentably distinct from-i.e., obvious over or anticipated by-the reference patent claim. See In 

re Berg, 140 F.3d 1428, 1432 (Fed. Cir. 1998). For purposes of the two-way analysis, "the order 

ofissuance is, in effect ignored, and the relevant determination becomes whether the improvement 

is patentably distinct from the generic invention." In re Braat, 937 F.2d 589, 593-94 (Fed. Cir. 

1991); see also In re Hubbell, 709 F.3d 1140, 1149 (Fed. Cir. 2013). The two-way test is a "narrow 

exception to the general rule of the one-way test" and is only applied when "(l) a second-filed 

application issues prior to a first-filed application, and (2) 'the [US]PTO is solely responsible for 

40 Plaintiffs alternatively argue that even under the one-way test, Defendants have failed to prove 
by clear and convincing evidence that any claims in the Patents-in-Suit are invalid for obviousness
type double patenting over the Finck Patents. PFOF 1 325. Plaintiffs contend that even if the 
Finck Patents were proper obviousness-type double patenting references, their claims could not 
have been rendered invalid given that the Finck Patents' claims are directed to a method of 
treatment with etanercept whereas the claims of the Patents-in-Suit are directed to a compound 
and the method of composition. Pls. Br. at 49. The facts on patentable distinctness, discussed 
infra, may be considered in accordance with either test. 
41 The Uruguay Round Agreements Act was enacted on December 8, 1994. See Pub. L. No. 103-
465, 108 Stat. 4809. This Act implemented various agreements during the Uruguay Round of 
General Agreement on Tariffs and Trade. Id. The Act is commonly referred to as "GATT." 
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the delay' in the issuance of the first-filed application." In re Janssen Biotech, Inc., 880 F.3d 1315, 

1325 (Fed. Cir. 2018); see also Smith & Nephew, Inc. v. Arthrex, Inc., 355 F. App'x 384,388 n.4 

(Fed. Cir. 2009). 

The two-way test arose to "prevent rejections for obviousness-type double patenting when 

the applicants filed first for a basic invention and later for an improvement, but, through no fault 

of the applicants, the [US]PTO decided the applications in the reverse order of filing." In re 

Hubbell, 709 F.3d at 1149 (quoting In re Berg, 140 F.3d at 1432). "The two-way exception can 

only apply when the applicant could not avoid separate filings, and even then, only if the [US]PTO 

controlled the rates of prosecution to cause the later filed species claims to issue before the claims 

for a genus in an earlier application." In re Berg, 140 F.3d at 1435. Whether the one-way or two

way test applies is a question of law, but the determination can be based on underlying factual 

findings. 42 See In re Emert, 124 F.3d 1458, 1460 (Fed. Cir. 1997). 

The applications for the Patents-in-Suit were both filed in May 1995, however the '182 

Patent issued in November 2011, and the '522 Patent issued in April 2012. The Finck Patent 

applications, which describe a method of treating psoriasis and psoriatic conditions, were filed 

four years after the applications for the Patents-in-Suit, in August 1999. However, the '225 Finck 

Patent issued in March 2011 prior to the issuance of the Patents-in-Suit, the '605 Finck Patent 

issued in February 2012, after the '182 Patent but prior to the '522 Patent, and the '631 Finck 

Patent issued in May 2014, after the Patents-in-Suit. As the Court has already determined that the 

Patents-in-Suit and Finck Patents lack the requisite common ownership for an obviousness-type 

42 The Court notes that the Finck Patents are the only patents as to which a two-way test argument 
has been made. The other patents analyzed for obviousness-type double patenting were all earlier
filed and earlier-issued compared to the Patents-in-Suit and therefore were evaluated under a one
way test. 
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double patenting analysis, the Court need not look any further to address the issue of patentable 

distinctness. Nevertheless, the Court has reviewed the evidence presented at trial and the 

prosecution file history and determines that if common ownership existed, the two-way test should 

apply. 

At trial, Plaintiffs' expert Mr. Kunin reviewed the prosecution history for the Patents-in

Suit and testified that there was a period of "something like three years" where Roche submitted 

"six status requests because the Office hadn't been working" on the applications for the Patents

in-Suit. 9/21 (Kunin) Tr. at 104:21-105:1; see also JTX-4 at 354-55. He later testified that the 

application for the "'182 Patent ... was lost for a couple of years" by the USPTO. 9/21 (Kunin) 

Tr. at 105:2-18. Then, in August 2010, a Director at the relevant USPTO Technology Center sent 

a letter to Plaintiffs' legal representative acknowledging that a petition decision mailed in August 

2007 "relied upon an image file wrapper which mistakenly contained papers from an unrelated 

application." JTX-4 at 4239. The letter additionally acknowledged that "only one substantive 

office action has been set forth in the last five years" and therefore "the Examiner has been advised 

to treat this application as special and expedite its prosecution to conclusion." Id. at 4240. Further, 

the applications for the Patents-in-Suit faced several rejections from the patent examiners, which 

ultimately were found to be unjustified and reversed by the BP AI on appeal. See BP AI Opinion, 

PTX-6.456 (reversing all of the Examiner's rejections, and finding Plaintiffs' "evidence ... 

convincing to rebut the Examiner's ... rejection" as well as stating the BPAI was "persuaded by 

Appellants' argument"); PFOF ,i,i 321-22. While Plaintiffs did make several proper requests for 

extensions, the Court finds that, to the extent the earlier-filed Patents-in-Suit were issued after the 

later-filed Finck Patents, as a matter of fact the USPTO was solely responsible for the delay that 

resulted. See PFOF ,i,i 321-25. The Court additionally finds that, based on the record presented, 
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Plaintiffs acted in good faith to diligently prosecute the Patents-in-Suit. Therefore, the Court will 

apply the two-way test. 

b. Impact of GA TT on the Patents-in-Suit 

The parties also disagree about the impact of GATT on the obviousness-type double 

patenting analysis. In particular, the parties argue as to whether an earlier-expiring post-GA TT 

patent can cut short the statutory term of a pre-GA TT later-expiring patent. Pls. Br. at 4 7-48; Defs. 

Reply Br. at 9-10. Among other things, GA TT changed the term of a patent and how to calculate 

its expiration. See Avanir Pharms., Inc. v. Actavis S. At!. LLC, 987 F. Supp. 2d 504, 516 n.20 (D. 

Del. 2013 ). Prior to GA TT, "[p ]a tents claiming priority to applications filed before June 8, 1995, 

... have a patent term which is the greater of 20 years from the date of the filing of the application 

or 17 years from the date of the grant of the patent, subject to any terminal disclaimers." Id. 

(citing 35 U.S.C. § 154(a)(2)) (emphasis in original). However, due to the GAIT amendment, 

"[p]atents that issued from applications filed after June 8, 1995 receive a 20-year term" from the 

effective filing date. Id. (citing 35 U.S.C. § 154(a)(2)) (emphasis in original). 

Here, the applications for the Patents-in-Suit were filed pre-GA TT in May 1995, and 

therefore were granted a patent term of seventeen years from the date of issuance ( from November 

2011 until November 2028 for the '182 Patent and from April 2012 to April 2029 for the '522 

Patent). The Finck Patents, however, were filed post-GAIT, and therefore will expire in August 

2019, twenty years from the earliest effective filing date of August 1999 for the applications. 

Defendants' arguments focus on Claim 1 and the term TNFR:Fc in the Finck Patents, which is 

identical in each Finck Patent. Based on the times of filing, issuance, and expiration, at least one 

Finck Patent would properly serve as a reference patent for the Patents-in-Suit for an obviousness-
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type double patenting analysis, which is all that is needed because the claim terms at issue in the 

Finck Patents are identical in each one.43 

Next, because obviousness-type double patenting is "intended to address unjustifiable 

extensions of patent terms," a post-GA TT later-granted and earlier-expiring patent cannot cut short 

the term of a pre-GA TT "valid, earlier-granted patent with a longer term." Abbott Labs. v. Lupin 

Ltd., No. 09-152, 2011 WL 1897322, at *9-10 (D. Del. May 19,201 l)(citingBrigham & Women's 

Hosp. Inc. v. Teva Pharms. USA Inc., 2011 WL 63895 (D. Del. Jan. 7, 2011). Here as in Abbott, 

an act of Congress, rather than "improper gamesmanship by the patentee" or "strategic abuse of 

05/19/95 
Patents-in
Suit Filed 

06/08/95 
GATT 

Amended 08/13/99 
Finck Patents' 

Effective 
Filing Date 

04/24/12 
'522 Patent 

Issued 

11/22/11 
'182 Patent 

Issued 

03/29/11 05/13/14 
Finck '225 Finck '631 

Issued Issued 08/13/19 
02/21/12 Finck Patents 

Finck '605 
Issued 

Expire 

04/24/29 
'522 Patent 

Expires 

11/22/28 
'182 Patent 

Expires 

43 An obviousness-type double patenting analysis requires a comparison between the earlier patent, 
referred to as the reference patent, and the later patent. See Eli Lilly & Co., 251 F.3d at 968. For 
patent applications filed pre-GA TT, the issuing date is used to ascertain which patent was earlier 
and which was later. Gilead, 753 F.3d at 1214-15 (Fed. Cir. 2014). For applications filed post
GATT, however, the patent expiration date determines the earlier and later patents. Id. at 1216. 
In the instant matter, because the validity challenge is to the Patents-in-Suit, which are not subject 
to GATT, the issuance date should determine the reference patent. See id. at 1214-15 (finding that 
issuing date is used in an obviousness-type double patenting analysis for patents to which GATT 
does not apply). Looking to the issuance dates, the '225 Finck Patent is the only one which issued 
prior to both of the Patents-in-Suit and therefore is the only Finck Patent which could be properly 
considered an "earlier patent" for an obviousness-type double patenting analysis. The Court notes 
that alternatively looking to expiration date, all of the Finck Patents could serve as reference 
patents because they expire prior to the Patents-in-Suit, and therefore under either analysis at least 
one Finck Patent properly serves as the reference patent. 
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the patent system[,]" led to the Patents-in-Suit having a longer patent term and the expiration date 

for the Patents-in-Suit is "the same as it would have been had the [Finck Patents] never issued." 

Id. The Court therefore finds that the statutory term for the Patents-in-Suit may not be cut short to 

mirror the statutory term for the Finck Patents. 

c. The Finck Patents Are Patentably Distinct from the 
Patents-in-Suit 

At issue here is the patentable distinctness of Claims 11 and 3 5 of the '182 Patent and 

Claims 3 and 8 of the '522 Patent in comparison to Claim 1 of the Finck Patents in light of the 

definition of etanercept in the Finck specification. DFOF ,, 92-95. The Patents-in-Suit claim 

etanercept itself and the method of making it. See generally '182 Patent (JTX-1); '522 Patent 

(JTX-2). In contrast, the Finck Patents cover a method of treating psoriasis and psoriatic 

conditions with etanercept. See, e.g., '225 Patent (JTX-39) col. 21 :33-36. For example, Claim 1 

of the '225 Finck Patent claims "a method for treating a patient having psoriasis comprising 

administering to the patient a therapeutically effective dose ofTNFR:Fc [i.e. etanercept], wherein 

the patient attains at least fifty percent improvement in PASI score." See, e.g., id. 

The Court first notes that a biologic manufacturer "may hold multiple patents covering the 

biologic, its therapeutic uses, and the processes used to manufacture it." Sandoz, 137 S. Ct. at 

1670. Here, the '182 Patent claims the compound etanercept, the '522 Patent claims a process 

used to manufacture etanercept, and the Finck Patents claim a therapeutic use of treating psoriasis 

and psoriatic variants using etanercept. In support of their argument that the Finck Patents and the 

Patents-in-Suit are not patentably distinct, Defendants cite to Geneva Phann., Inc. v. 

GlaxoSmithKline PLC, 349 F.3d 1373 (Fed. Cir. 2003), wherein the court found that a claimed 

compound for which a POSA "would recognize a single use" was not distinct from a patent that 

"simply claims that use as a method." See id. at 1385-86; see also Astellas Pharma, Inc. v. 
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Ranbaxy Inc., No. 05-2563, 2007 WL 576341, at *6 (D.N.J. Feb. 21, 2007). In that case, however, 

the court determined that the claimed use of the compound was not only an inherent property of 

the compound but its sole use. Geneva Phann., 349 F.3d at 1385. Geneva is distinguishable from 

the instant case because, while the Finck Patents use etanercept for the treatment of psoriasis and 

related conditions, psoriasis treatment is neither an inherent property nor the sole use of 

etanercept.44 See PFOF ,i 316; cf Geneva Pharm., 349 F.3d at 1385. 

Plaintiffs contend that practicing the claimed invention of the Patents-in-Suit to make 

etanercept would not result in the practice of the Finck Patents, because merely making etanercept 

would not result in treating psoriasis. See PFOF ,i 316. Reviewing the Finck Patents and the 

Patents-in-Suit, the treatment methods for psoriasis and psoriatic conditions contained in the Finck 

Patents are not found in the Patents-in-Suit. Therefore, based on the Court's analysis, the Finck 

Patents' claim to a psoriasis treatment method using etanercept cannot be used to invalidate the 

Patents-in-Suit. See In re Braat, 937 F.2d at 593-94. Furthermore, the Finck Patents and the 

Patents-in-Suit could not have been combined into a single application because they do not share 

common owners. See supra III.C.2.a. Accordingly, the Court finds that Defendants have not 

demonstrated by clear and convincing evidence that the Patents-in-Suit are invalid for obviousness 

type double patenting. 

44 Furthermore, Plaintiffs argue that etanercept can be made using methods other than the one 
detailed in the '522 Patent, namely "by using a host cell" other than the type specified in the patent 
and therefore the Finck Patents' treatment method could be accomplished without infringing on 
the '522 Patent. See PFOF i\ 316. 
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IV. CONCLUSION 

For the foregoing reasons, the Court finds that Defendants have failed to show by clear and 

convincing evidence that the Patents-in-Suit are invalid. An appropriate Order accompanies this 

Opinion. 

Dated: August 9, 2019 

85 

HON. CLAIRE C. CECCHI 
United States District Judge 
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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF NEW JERSEY 

IMMUNEX CORPORATION; ) 
AMGEN MANUFACTURING, LIMITED; ) 
and HOFFMANN-LA ROCHE INC.; ) Civil Action No.: 2:16-cv-01118-CCC-MF 

) 
Plaintiffs, ) 

v. ) 
) 

SANDOZ INC.; SANDOZ ) 
INTERNATIONAL GMBH; and SANDOZ ) 
GMBH; ) 

) 
Defendants. ) 

FINAL JUDGMENT AND ORDER OF PERMANENT INJUNCTION 

THIS MATTER was brought by Plaintiffs, Immunex Corporation, Amgen 

Manufacturing, Limited (collectively, "Immunex"), and Hoffmann-La Roche Inc. ("Roche") 

(collectively, "Plaintiffs"), against Defendants, Sandoz Inc., Sandoz International GmbH, and 

Sandoz GmbH (collectively, "Defendants"). After a bench trial, the Court issued its Opinion and 

Order in the above-captioned case on August 9, 2019 (ECF No. 689,690). 

It is ORDERED, ADJUDGED, and DECREED as follows: 

I. The Court has jurisdiction over the subject matter of the above-captioned case 

pursuant to 28 U.S.C. §§ 1331 and 1338(a). 

2. The Court has personal jurisdiction over the parties, and venue is proper as to all 

parties pursuant to 28 U.S.C. §§ 1391(b), (c), and 1400(b). 

3. The Court retains jurisdiction to enforce or supervise performance under this Final 

Judgment and Order of Permanent Injunction. 

I. The Patents-In-Suit 

4. Sandoz Inc.'s submission of abbreviated Biologics License Application ("aBLA") 

No. 761042 infringed claims 11-12 and 35-36 of U.S. Patent No. 8,063,182 (the "'182 Patent"). 
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5. Defendants' making, using, offering to sell, or selling of any product containing the 

fusion protein known as etanercept and described in the Court's opinion in this case at ECF No. 

689 at 6 ("etanercept") within the United States, or Defendants' importation of any product 

containing etanercept into the United States, will infringe claims 11-12 and 35-36 of the '182 

Patent. 

6. For the reasons stated in the Court's August 9, 2019 Opinion (ECF No. 689), the 

Court finds that Defendants failed to prove that claims 11-12 and 35-36 of the '182 Patent are 

invalid or unenforceable. 

7. Judgment is hereby entered against Defendants regarding infringement of the '182 

Patent. 

8. Any claim of infringement of any claims of the '182 Patent other than claims 11-

12 and 35-36 is hereby dismissed with prejudice. 

9. Sandoz Inc.'s submission of aBLA No. 761042 infringed claims 3, 8, and 10 of 

U.S. Patent No. 8,163,522 (the "'522 Patent"). 

10. Defendants' making, using, offering to sell, or selling of any product containing 

etanercept within the United States, or Defendants' importation of any product containing 

etanercept into the United States, will infringe claims 3, 8, and 10 of the '522 Patent. 

11. For the reasons stated in the Court's August 9, 2019 Opinion (ECF No. 689), the 

Court finds that Defendants failed to prove that claims 3, 8, and 10 of the '522 Patent are invalid 

or unenforceable. 

12. Judgment is hereby entered against Defendants regarding infringement of the '522 

Patent. 
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13. Any claim of infringement of any claims of the '522 Patent other than claims 3, 8, 

and IO is hereby dismissed with prejudice. 

14. Based on the stipulation dated October 7, 2019, Defendants, and each of them, and 

each of their affiliates, subsidiaries, successors, and partners, and all of their officers, agents, 

servants, employees, and attorneys, and all persons and entities acting on behalf or at the direction 

of, or in active concert or participation or privity with any of them, are hereby enjoined from 

making, using, offering to sell, or selling within the United States, or importing into the United 

States any product containing etanercept. This paragraph does not restrict Defendants' activities 

that fall within the scope of 35 U.S.C. § 271(e)(l). This permanent injunction shall terminate no 

later than the later of the expiration of any infringed and valid claim of the ' 182 Patent on 

November 22, 2028 or any infringed and valid claim of the '522 Patent on April 24, 2029. 

II. Immunex Patents 

15. Pursuant to the stipulation filed June 7, 2018 (ECF No. 510), any claim of 

infringement under 35 U.S.C. § 271(b) or 35 U.S.C. § 27l(e)(2)(C) of any claim in U.S. Patent 

No. 7,915,225, U.S. Patent No. 8,119,605, or U.S. Patent No. 8,722,631 is hereby dismissed with 

prejudice. (ECF No. 1 ,i,r 114-167.) 

III. Prior Preliminary Injunctions 

16. Prior stipulated preliminary injunctions ECF Nos. 95, 96, and 509 are hereby 

terminated. Paragraph 5(b) of Confidential ECF No. 510 remains in effect until the issuance of a 

mandate from the Federal Circuit. Paragraph 8 of Confidential ECF No. 510 remains in effect 

until the conclusion of (or expiration of time to seek) review by the United States Supreme Court 

of the Federal Circuit's decision and shall terminate if any one of claims 11-12 and 35-36 of the 

'182 Patent or claims 3, 8, and 10 of the '522 Patent is not rendered invalid following the 
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conclusion of (or expiration of time to seek) such review. The remainder of Confidential ECF No. 

510 is hereby terminated. 

17. Pursuant to Fed. R. Civ. P. 58(a), this is the FINAL JUDGMENT of the Court. 

SO ORDERED: 

Dated: October 8, 2019 ~ {_____ 
Hon. Claire C. Cecchi, U.S.D.J. 
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The Director of the United States 
Patent and Trademark Office 

Has received an application for a patent for 
a new and useful invention. The title and 
description of the invention are enclosed. 
The requirements of law have been com
plied with, and it has been determined that 
a patent on the invention shall be granted 
under the law. 

Therefore, this 

United States Patent 

Grants to the person(s) having title to this 
patent the · to exclude others from mak
ing, using, offering for sale, or selling the 
invention throughout the United States of 
America or importing the invention into the 
United States of America, and if the inven
tion is a process, of the right to exclude oth
ers from using, ring for sale or selling 
throughout the United States o.f America, or 
importing into the United States of 
America, products made by that process, 
for the term set forth in 35 US.C. 154(a)(2) 
or (c)(l), subject to the payment of mainte
nance fees as provided by 35 US.C. 41 (b). 
See the Maintenance Fee Notice on the 
inside of the cover. 

Director oft/re U11i1ed States Pa1e1111111d Trad~11t1Jd Oj/ice 
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on or be.fore the date the fee is due or within a grace period <?/'six months thereafter, the 
patent will expire as of the end o,f such grace period. 

PATENT TERM NOTICE 
If the application for this patent was filed on or after June 8, 199 5, the term (?( this 
patent begins on the date on which this patent issues and ends twenty years from the 
filing date of the application or, if the application contains a spec[fic reference to an 
earlier.filed application or applications under 35 US.C. 120, 121, or 365(c), twenty 
years from the filing date of the earliest such application ("the twenty-year term"), 
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253. 

(f this application wasfzled prior to June 8, 1995, the term of this patent begins on the 
date on which this patent issues and ends on the later of seventeen years from the date 
of the grant of this patent or the twenty-year term set forth above jbr patents resulting 
from applications filed on or qfter June 8, 1995, subject to the payment o,fmaintenance 
fees as provided by 35 U.S.C. 4/(b) and any extension as provided by 35 US.C. 156 or 
any disclaimer under 35 US.C. 253. · 
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GAATT=G~GwG7~~Tc.n.c:3wnCCAGGCC~7GATC7C7riTGCC:~TCTCAA 
ccc~~TGTc;cccc:v\GGCAC7~GGGACG~CC:~~CG.n.GTCCC~GAAGCC 

Cc:A.GC1CT~CCGC7GCCACACTGCCC7~CCCAAATW~~TGAGAGGC~TAGC~G 
-28. 
MetGlyLeuSerThrValProAspLeuLeuLeuProLeuValLeuLeuGluLeu 

TCTGGC.ATGGGCCTCTCCACCGTGCCTG.nCC7GCTGC7GCCGCTGG7GCTCCTGGAGCTG 

LeuValGlyileTyrProS~rGlyValil~Gl£uVal~roH.isLeuGiyAspArgGl~ 
TTGGTG~TATACCCCTo.GGw7TATTG~TGG7CCCTCACC7~CAGGG.AG 

- *** . 
LysAr<iAspSerValCysP;oGlnGlyLy~TyrileHisProGlnA.s~nS leCys 
AAGAGAGATAGTGTGTGTCCCCAAGGAAAATATATCCACCCTCAAAATAATTCGATTTGC 

CysThrLysCysHisLysGlyThrTyrLeuTyrAsnAspCysProGlyProGlyGlnAsp 
:'G'I'ACCAAGTGCo.c.AAAGGAACCAC'!'':'GTACAATGACTGTCCnGGCCC:'.;G~T 

ThrAspCysA.rqGluCysGluSerGlySerPheThrAlaSerGluAsnHisLeuA.rgHis 
AC~TGCAGGGAGTGTGAGrlGCG::;GTCCT':'CACCGC7TCAGAAMC~CTCAG.;.w;C 

CysLeuserCysSer!..ysCysArg!..ysGl;;MetGlyGlnValGluileSerSerc~:sT~.= 
7GCC7~Tr;:~C:.n.,\ATGCC:in.nA~TWG7:;..GG7G~Tc~=~~c~:~c;; 

·.;alAsp.ArgAspT!".rValCysG.lyC'jsArgLygAsnGl::.TyrA.rgHis':y:::-T=;:SerGl.u 
GTG~C~CCGTGTG7G~:UC.t\G~Cc;GTACCGGCATTA17GuAGTGAA ,.,..,,, 

110 .~nLeuPheGL~CysPheAsnCysSer!..euCysLeuAsnGlyTh:-ValHisLeusercys 
415 AACCT':TTCc;..i:;7G::7TCAATTGaGCCTCTGCC:c:.ATGGGACC~TGc.;ccT:~cc:GC 

130 GlnGluLysGl.nAsnThrValCysThrcysHisAlaGlyPhePheLeuArgGlt;.AsnGlu 
475 CAGGAGAAA~CCG':'GTGCACCTGCCATGCAGGTTTCTTTC'!';J.GAGAAAACGAG 

150 CysValSerCysSerAsnCysLysLysSerLeuGluCysThrLysLeuc::·sLeuP roGln 
-535 7GTGTC~CCTGTAGTAACTGT~GCC~GGnGTGOsCG;.AG7~G~GCC~~cc~~ 

. . 
170 :leGluAsnValLysGlyThrGlu.AspSerGlyThr'I'!:r'la, T .,,,::,r 0 .. 0~-r <>',;\' 1 ,.,"' 

595 nTT~TGT7AAGGGCA.C7G.AGG.nCTCAGGCAC~TGC~GT7GCC::~~G7~TT 

: 90 :h c-......r::, , r ,,.,,,-.. C'r ,, r "'" ~ .. ..-r """ r .;,.ch.,. r 1 ce:.Gl vLeuMet':'vrArc:r!'y:::-Glr.Arg 
655 T~CT-:-!'GGTC:~~GCCTTTTATCCC7:C~CT~CATTW~:TAATG7iTCGC~.nec.;;,;.cGG 

. . 
210 TrpLysSerLysLeuTyrSerlleValCysGlyLysSerThrProGluLysGluGlyGlu 
715 TGGAAGTCCAAGCTCTACTCCATTGT'l'TGTGGGAAATC~cc:GAAAAAGAGGGGGAG 

230 LeuGluGlyThrThrThrLysProLeuAlal?rcAsnPrcSerPheSerP:::-oThrProGly 
775 CTTGAAGGAACTAC~ACTAAGCCCC:GGCCCCAAACCCAAGCTTCAGTCC:::..;CTCC\GGC 

250 PheThrProThrLeuGlyPheSerPrcValProSerserThrPheThrSerSerSerT~..r 
835 TTCACCCCCACCCTGGGCTTCAGTCCCGTGCCCAGTTCC..CCTTCACCTC:AGCTCCACC . . 
2 7 0 TyrThrProGl yAspCrsP rcAsnPheAlaAla.P roArgA.rgGluValAla.!? rcP-::-:.Tyr 
895 TATACCCCCGGTG:.CTGTCCCAACTT:GCGGCTCCCCGG..GAGnGGTGGO-.Cc;cc:T~T 

. . 
290 GlnGlyAlaA.soPr~IleLeuAlaThrAlaLeuAlaSerAsoProilePrcA.snPrcLeu 
955 CAGGGGGCTG:.CCC:ATCCTTGCG;;CAGCCCTCGCCTCCGr.CCCC:..TCCCCAACC::::T 
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.E.i.fill.C.e3 

SerAs~UalCy,AspS~rCysGluAs~SerihriyrThrGlnleui;pAsni~puai 
TCGGRCtttGTGTGiGACTCCTGTGAGG~CAGCACRTACRCCCAGCTCTGGAACTGGGTT 

21 ProGluCy,LeuSerCysGlySernrgCysSerSerRspGlnUalGluThr61nAloCys 
61 CCCGAGTGCTTGRGCTGTGGCTCCCGCTGTAGCTCTGACCAGGTGGAAACTCRAGCCTGC 

41 ThrArgGluGlnAsnRrgl leCysihrCysArg?roGlyirpiyrCysAlaLeuSerlys 
121 ACTCGGGAACAGRACCGCRTCTGCRCCTGCAGGCCCGGCTGGTRCTGCGCGCTGRGCRAG 

61 GlnGluGlyCysArgLeuCysAlaProleuProlysCy,nrgProGlyPheGlyUalAla 
161 CAGGAGGGGiGCCGGCTGTGCGCGCCGCTGCCGAAGTGCCGCCCGGGCTTCGGCGiGGCC, 

61 MrgProulyThrGluihrSerAsovalUalCysL~s?roCysnlaProGlyihrrheSer 
241 .AGACCRGGAACTGAAACATCAGACGTGGiGTGCAAGCCCTGTGCCCCGGGGRCGiTCTCC 

101 AsnihrihrSerSerihrAspi leCy~Arg?roHisGlnl leCysnsnUalUalAlal le 
301 AACACGACTTCRTCCACGGRTRTTTGCAGGCCCCRCCAGniCTGTAACGiGGiGuCCRTC 

121 ProGlyAsnAloSerRrgAspA!aUa!CyiihrSorihrSer?roihrArgSernetRla 
361 CCTGGGRATGCARGCAGGGATGCRGTCTGCACGTCCRCGTCCCCCRCCCGGAGTATGGCC 

. 
141 ProGlyRlaUalHisLeuProGlnProUalSerThrArgSerGlnHlsihrGlnProSer 
i21 CCAGGGGCRGTACACTTACCCCAGCCAGTGTCCACACGATCCCAACACACGCRGCCBAGT 

161 ProGluProSerihrAlaProSerihrSer?heleuleurronetGlyProSer?rofro 
481 CCRGAACCCAGCACTGCiCCRAGCACtTCCTTCCTGCTCCCAATGGGCCCCAGCCC:Ccn 

. . 
181 AlaGluGlySerThrGlyAsQPheAlaleuProUalGlyLeul leUalG!yUalThrAla 
511 GCTGAAGGGAGCRCTGGCGACTTCGCTCTTCCAGTTGGACTGnTTGTGGGTGTGACAGCC 

I 

201 LeuGlyLouLeul lei leGlyUalUalAsnCy:Uol I ltMetThrGlnUalLyaly:Ly: 
601 iTGGGTCTACTAATARTAGGAGTGGTGAACTGTGTCATCATGACCCAGGTGAAARRGAAG 

. . 
221 ProLeuCysLeuGlnArgGluAlalysUalProHisLeuProAlaAspLysAlaRrgGly 
661 CCCTTGTGCCTGCAGRGAGAAGCCAAGGiGCCTCRCTTGCCTGCCCiATAAGGCCCGGGGT 

. . 
2tl ihrGlnGlyProG!uGlnGlnHisleuleulleThrAlaProSerSerSerS~rSerSor 
721 ACACAGGGCCCCGRGCAGCAGCACCTGCTGATCACAGCGCCGAGCTCCAGCRGCAGCTCC 

. . 
251 LeuGluSerSerAl0SerRlaLeuAspAr9ArgAl0ProihrArgA~nGlnProGlnAla 
781 CTGGAGAGCTCGGCCRGTGCGTTGGACAGRAGGGCGCCCACTCGGAACCAGCCRCAGGCA 
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Figure 4 (cont.) 

?r0GlyUolGfuAl0SerulyAlaGlyGluAlaArgAl0SerihrGlySerSerAl0As0 
CCAGGCGTGGAGG.CCAGTGGGGCCGGGGAGGCCCGGGCCAGCACCGGGAGCTCRGCAGAT 

I • • 
SerSerrroGlyGlyHisGlyihrGlnValA~nUolThrCy,lleUalAsnUalCysSer 
TCTTCCCCTGGTGGCCRTGGGnCCCAGGTCARTGTCACCTGCATCGTGAACGTCTGiAGC 

f • • • • I • • 
SarSerAs~HisSerSerGlnCysSerSerGlnAlcSerSarihrMetGlyAspihrAsp 
AGCTCTGACCRCAGCTCACAGTGCTCCTCCCRRGCCAGCTCCACAATGGGRGACACAGAl 

♦ • i " I Ill • • • 

SerSerProSerGluSerProLysAspGluGlnUalPro?heSerly,GluGluCysAla 
TCCAGCCCCTCGGnGTCCCCGnAGGACGnGCAGGiCCCCTTCTCCAAGGnGGnATGTGCC 

Phe11r-9SorG I nLeuG hhhrrroG I uih~LeuleuG I ySer ihrG I uG j uly,r'roLe~ 
TTTCGGTCRCAGCTGGnGACGCCRGnGnCCCTGCTGGGGAGCACCGnAGnGnnGCCCCTG 

Pl"'olauGlyUalPl"'o11~p11iaGlyMetL.y~rroS01"' 
CCCCTTGGRGTGCCTGRTGCTGGGnTGnAGCCCRGTTAACCf!GGCCGGiGiGGGCTGiGi 
CGTRGCCAAGGiGGCTGnGCCCTGGCAGGnTGACCCTGCGnAGGGGCCCTGGiCCTTCCR 
GGCCCCCRCCRCTRGGACTCTGAGGCTCTTTCTGGGCCARGTTCCTCTAGTGCCCTCCAC 
AGCCGCRGCCTCCCTCTGACCTGCRGGCCARGRGCRGRGGCAGCGAGTiGiGGnAAGCCT 
CTGCTGCCATGGCGiGTCCCTCTCGGRAGGCTGGCTGGGCRTGGRCGTTCGGGGCATGCT 
GGGGCAAGTCCCTGAGTCTCTGTGACCTGCCCCGCCCRGCTGCACCTGCCAGCCTGGCTT 
CTGGAGCCCTTGGGTTTTTTGTiTGTTTGTTTGTTTGTTTGTTTGTTTCTCCCCCTGGGC 
TCTGCCCRGCTCTGGCTTCCAGAAAACCCCRGCRTCCTTTiCTGCAGAGGGGCTTTCTGG 
AGAGGAGGGATGCTGCCTGRGTCRCCCATGnnGnCAGGnCRGTGCTTCAGCCTGRGGCTG 
AGRCTGCGGGATGGiCCTGGGGCTCTGTGCAGGGiiGGRGGiGGCAGCCCTGiAGGGnACG 
GGGTCCTTCAAGTiAGCTCAGGAGGC·TTGGAAAGCATCACCTCAGGCCAGGiGCRGTGGC 
TCACGCCTATGATCCCRGCRCTTTGGGnGGCTGAGGCGGGiGGRTCACCTGnGGiTRGGA 
GTTCGAGACCAGCCTGGCCAACATGGiRRAACCCCATCTCTACTnAAAATACAGAAATTA 
GCCGGGCGTGGTGGCGGGCACCTATAGTCCCRGCTACTCAGAAGCCTGAGGCTGGGAAAT 
CGTTTGAACCCGGGnAGCGGRGGiTGCRGGGAGCCGRGATCACGCCACTGCACTCCAGCC 
TGGGCGACAGAGCGRGRGTCTGTCTCAARAG~A~AAR~AAAAGCACCGCCTCCRRRTGCT 
AACTTGTCCTTTTGiRCCATGGiGTGRARGTCAGRTGCCCAGAGGGCCCAGGCAGGCCAC 
CATATTCAGTGCTGTGGCCTGGGCRAGATAACGCACTTCTAACTAGAAATCTGCCAATTT 
TTTAAAAAAGTAAGTACCACTCRGGCCARCAAGCCRACGRCAAAGCCRARCTCTGCCRGC 
CACATCCAACCCCCCACCTGCCRTTTGCRCCCTCCGCCTTCACTCCGGT~TGCCTGCAG 
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HUMAN TNF RECEPTOR FUSION PROTEIN 
2 

antibodies against TNF-BP. Using such an immobilized anti
body (immune affinity chromatography) Loetscher and 
Brockhaus obtained an emiched preparation ofTNF-BP [31 J 
from an extract of human placenta using TN Fa-ligand affin-

This is a division of application Ser. No. 08/095,640, filed 
Jul. 21, 1993; now U.S. Pat. No. 5,610.279, which is a con
tinuation application of Ser. No. 07/580,013, filed Sep. l 0, 
1990, now abandoned. This application claims priority under 
35 U.S.C. § 119 to application Serial Numbers 3319/89, 746/ 
90 and 1347/90, filed on Sep. 12, 1989, Mar. 8, 1990 and Apr. 
20, 1990, respectively, all in Switzerland. This application 
also claims priority under 35 U.S.C. § 119 to European Patent 
Application Number 90116707.2-(now Patent Number EP 
0417563), filed Aug. 31, 1990. 

5 ity chromatography and HPLC. which gave a strong broad 
band at 35 kD, a weak band at about 40 kD and a very weak 
band in the region between 55 kD and 60 kD on SOS-PAGE 
analysis. Moreover, the gel showed a protein background 
smear in the region of 33 kD to 40 kD. The significance of 

BACKGROUND OF THE lNVENTION 

10 
these protein bands was, however, not clear due to the hetero
genicity of the starting material which was used (placenta 
tissue; combined material from several placentas). In the state 
of the art TNF-BP have already been characterized by a 
N-tcrminal partial sequence [European Patent Application, 
Publication No. 308 378], whereby this sequenee differs from 

15 the N-tenninal partial sequence according to formula (IA) in 
accordance with the invention. Moreover, the TNF-binding 
proteins described in the state of the art are soluble, i.e. 
non-membrane bound, TNF-BP and not membrane-bound, 
i.e. insoluble, TNF-BP isolated from urine. 

Tumor necrosis factor a (1NFa., also cachectin), discov
ered as a result of its hemorragic-necrotizing activity on cer
tain tumors, and lymphotox.in (TNF~) are two closely related 
peptide factors [3] from the class of lyrnphokines/cytokines 
which are both referred to herein-after as TNF [ see references 20 

2 and 3]. TNF possesses a broad cellular spectrum of activity. 
For example, 1NF has inhibitory or cytotoxic activity on a 
series of tumor cell lines [2,3], stimulates the proliferation of 
fibroblasts and the phagocytic/cytotoxic activity of myeloic 
cells [4, 5, 6], induces adhesion molecules in endothelial cells 25 

or exerts an inhibitory activity on the endothelium (7, 8, 9, 
I OJ, inhibits the synthesis of specific enzymes in adipocytes 
[ I l] and induces the expression of histo-compatibility anti
gens [12]. Many of these TNF activities arc produced via 
induction of other factors or by synergistic effects with other 30 

factors such as interferons or interleukins [13-16]. 
TNF is involved in pathological conditions such as shock 

states in meningococcal sepsis [ 17], the development of 
autoimmune glomerulonephritis in mice r l 81 and cerebral 
malaria in mice [19] and human beings [41 l. The toxic effects 35 

of cndotoxin appear to be mediated by TNF [20]. Fmther
more, TNF can trigger interleukin- I fever [391. On the basis 
of its pleiotropic functional properties, 1NF in interaction 
with other cytokines is involved in additional pathological 
conditions as a mediator of immune response, inflammation, 40 

and other processes. 
These biological effects arc mediated by 1NF via specific 

receptors. According to present knowledge not only TNFo:, 
but also TNF~ bind to the same receptors [21 J. Different cell 
types differ in their number of TNF receptors [22, 23, 24]. 45 
Generally known TNF-binding proteins (TNF-BP) have been 
detected by covalent bonding to radioactively labelled TNF 
[24-29], and the following apparent molecular weights of the 
TNF/TNF-BP complexes obtained have been determined to 
be: 95/100 kD and 75 kD [24], 95 kD and 75 kD [25], 138 kD, so 
90 kD. 75 kD and 54 kD [26], 100±5 kD [27], 97 kD and 70 
kD 128J and 145 kD [29]. One such TNF/TNF-BP complex 
was isolated by anti-TNF-anlibody immune affinity chroma
tography and preparative SDS-polyacrylamide gel electro
phoreses (SOS-PAGE) [271. The reductive cleavage of this 55 

complex and subsequent SDS-PAGE analysis gave several 
bands which were not tested for TNF-binding activity. Since 
the specific conditions which must be used for.the cleavage of 
the complex lead to inactivation of the binding protein [31], 
the latter has also not heen possible. The separation of soluble 60 
TNF-BP from human serum or urine by ion exchange chro
matography and gel filtration (molecular weight in the region 
of50 kD) was described by Olsson et al. [301. 

Brockhaus et al. [32] obtained an enriched TNF-BP prepa
ration from membrane extracts of HL60 cells by TNFa-ligand 65 

affinity chromatography and HPLC which, in tum, was used 
as an antigen preparation for the production of monoclonal 

SUMMARY OF THE INVENTION 

This invention comprises insoluble, homogenous proteins 
or soluble or insoluhle fragments thereof, capable of binding 
tumor necrosis factor-(TNF). 

This invention also comprises TNF-binding proteins con
taining amino acid sequences of FIG. 1 or FIG. 4, proteins 
containing fragments of these sequences, and proteins anala
gous to the sequences of FIG. 1 or FIG. 4 or to fragments 
thereof. 

This invention % further comprises DNA sequences 
encoding the proteins: described above, proteins encoded by 
these sequences, and antibodies to any of these proteins. 

This invention comprises. DNA sequences which combine 
two partial DNA sequences, one sequence encoding soluble 
fragments of TNF binding proteins and the other partial 
sequence encoding all domains except the first domain of the 
constant region of the heavy chain of human i mmunoglobu Ii n 
lgG, IgA, IgM, or lgE, and the recombinant proteins encoded 
by these sequences. 

This invention additionally comprises vectors containing 
the above DNA sequences, and host systems transfected with 
such vectors. 

This invention finally comprises a process for the isolation 
of an insoluble homogenous protein capable of binding TNF. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1. Nucleotide sequence (SEQ ID NO: I) and deduced 
amino acid sequence (SEQ ID NO: 2) for cDNA clone 
derived from 55 kD TNF-BP. The 19 amino acid transmem
brane region is underlined. Hypothetical glycosylation sites 
are identified by asterisks. 

FIG. 2. Binding analysis of COS cells iransfectt~d with 
plasmid pNJ23. Panel 2A-binding of transfccted cells to 

251-TNFo:. Panel 2B--Scatchard plot of binding data. 
FIG. 3. Sandwich assays of cells transfcctcd with plasmid 

pK 19. Culture supernatants or cells transfected 30 with pK 19 
were incubated with anti-55 kD TNF-BP antibody followed 
by 1251-TNFa. Columns l, 5, and 8 are controls. Columns 2, 
3, 4, 5, and 6 arc live parallel transfections. 

FIG. 4. Nucleotide sequence (SEQ ID NO: 3) and deduced 
amino acid sequence (SEQ ID NO: 4) for cDNA clones 
derived from 75/6510 TNF-HP. 

DETAILED DESCRIPTION OF THE INVENTION 

The TNF-binding proteins of the present invention are 
homogcnous, insoluble proteins and soluble or insoluble 
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fragments of such proteins which are capable of binding TNF. 
These proLeins have the ability to bind TNF as measured by 
standard assays. 

The TNF-binding proteins of the present invention include 
homogenous proteins comaining the amino acid sequence 
depicted in FIG. 1 (SEQ ID NO: 2) or in FIG. 4 (SEQ ID NO: 
4), proteins containing fragments of either sequence, and 
analogues of any such proteins for example proteins contain
ing amino acid sequences analogous to the an:rino acid 
sequences of FIG. l (SEQ ID NO: 2) or FIG. 4 (SEQ ID NO: 
4) or to fragments thereor. An analogue is a protein in which 
one or more amino acids of the sequences depicted in FIG. l 
(SEQ ID NO: 2) or in FIG. 4 (SEQ ID NO: 4) have had their 
side-groups chemically modified in a known manner, or those 
in which one or more amino acids have been replaced or 
deleted, without thereby eliminating TNF-binding ability. 
Such analogues may be produced by known methods of pep
tide chemistry, or by known methods of recombinant DNA 
technology, such as planned mutagene&is. 

The TNF binding activity of the proteins of the present 
invention may be determined using the assay described in 
Example I. 

TNF-binding proteins of this invention are obtained as 
follows: 

TNF binding proteins may be isolated from tissues and 
purified to homogeneity, or isolated from cells which contain 
membrane-bound TNF binding protein, and purified to 
homogeneity. One possible method for growing cells and 
isolating cell extract is described in Example 2, however, 
other cells types and other growth and isolation methods are 
well known in the art Purification of TNF-binding proteins 
from cell extracts may be perfom1ed using the methods 
described in Examples 4, 5, and 6 in combination with the 
assay described in Example 1. 1NF-binding proteins isolated 
and purified by these methods were sequenced by well
known methods, as described in Example 7. From these 
amino acid sequences, DNA probes were produced and used 
to obtain mRNA encoding TNF binding proteins from which 
cDNA was made, all by known methods described in 
Examples 8 and 11. Other well-known methods for producing 
cDNA are known in the art and may effectively be used. In 
general, any '11)/F-binding protein can be isolated from any 
cell or tissue expressing such proteins using a cDNA probe 
such as the probe described above, isolating mRNA and tran
scribing the mRNA into cDNA. Thereafter, the protein can be 
produced by inserting the cDNA into an expression vector as 
described in Example 9, such as a vims, plasmid, cosn:rid, or 
other vector, inserting the expression vector into a cell, such 
as the COS cell-described in Example 9 or the insect cell 
described in Example 10, proliferating the resulting cells, and 
isolating the expressed 1NF-binding protein from the 
medium or from cell extract as described above. Alterna
tively, TNP-binding proteins may be chemically synthesized 
using the sequence described above and an amino acid syn
thesizer, or manual synthesis using chemical conditions well 
known to form peptide bonds between selected amino acids. 
Analogues and fragments of TNF-binding proteins may be 
produced by the above methods. In the case of analogues, the 
proteins may be chemically modified, or modified by genetic 
engineering as described above. These fragments and ana
logues may then be tested for TNF-hinding activity using 
methods such as the assay of Example 1. 

Finally, monoclonal antibodies directed against TNF-bind
ing proteins, such as the antibodies described in Example 3, 
may be produced by known techniques, and used to isolate 
TNF-binding proteins. 

4 
In more detail, the proteins of the present invenlion are 

non-soluble proteins, i.e. for example membrane proteins or 
so-called receptors, and soluble or non-soluble, fragments 
thereof, which bind TNF (TNF-BP), in homogeneous form, 

5 as well as their physiologically compatible salts. Preferred 
proteins are those which according to SDS-PAGE under non
reducing conditions are characterized by apparent molecular 
weights of about 55 kD, 51 kD, 38 kD, 36 kD and 34 kD or 75 
kD and 65 kD, especially those with about 55 kD and 75 kD. 

1 ° Furthermore, there are preferred those proteins which are 
characte1ized by containing at least one of the following 
amino acid partial sequences: 
(IA) Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-

15 Ser-Val-Cys-Pro-Gln-Gly-[,¼'s-Tyr-Ile-His-Pro-Gln-X-
Asn-Ser-He (SEQ ID NO: 5) 

(IB) Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr
Thr-Thr-Lys (SEQ ID NO: 6) 

(IIA) Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Lcu-Leu-Gly-Ser-
20 Thr-Olu-Glu-Lys-Pro-Leu (SEQ ID NO: 7) 

(11B) Val-Phe-Cys-Thr (SEQ ID NO: 8) 
(UC) Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly

Ala-Gly-Glu-Ala (SEQ ID NO: 9) 
(IID) Leu-pro-Ala-Gin-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-

25 Glu-Pro-Gly-Ser-Thr-Cys (SEQ ID NO: lO) 
(HE) lle-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 

(SEQ ID NO: 11) 
(HF) Leu-Cys-Ala-Pro (SEQ ID NO: 12) 
(llG) Val-Pro-His-Leu-Pro-Ala-Asp (SEQ ID NO: 13) 

30 (IIH) Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-lle-X
Ala-Pro (SEQ ID NO: 14) 
in which X stands for an an:rino acid residue which could 

not be unequivocally delern:rincd. 
A process for the isolation of the TNF-BP in accordance 

35 with the invention is also an object of the present invention. 
This process comprises carrying out essentially the following 
purification steps in sequence: production of a cell or tissue 
extract, immune affinity chromatography and/or single or 
multiple ligand affinity chromatography, high resolution liq-

40 uid chromatography (HPLC) and preparative SDS-polyacry
lamide gel electrophoresis (SOS-PAGE). Thecombinationof 
the individual purification steps, which are known from the 
state of the art, is essential to the success of the process in 
accordance with the invention, whereby individual steps have 

45 been modified and improved having regard to the problem to 
be solved. Thus, for example, the original combined immune 
affinity chromatography/fNPa.-ligand affinity chromatogra
phy step originally used for the enrichment ofTNF-BP from 
human placenta [31] has been altered by using a BSA-

50 Sepharose 4B pre-column. For the application or the cell or 
membrane extract, this pre-column was connected in series 
with the immune affinity column followed by the ligand affin
ity column. Aflerthe application of the extractthe two afore
mentioned columns were coupled, each eluted and the TNF-

55 BP-active fractions were pmified again via a ligand affinity 
column. The use of a detergent-containing solvent mixture for 
the performance of the reversed-phase HPLC step is essential 
to the invention. 

Purther, an industrial process for the production of high cell 
60 densities of mammalian cells from which TNF-BP can be 

isolated is also an object of the present invention. Such a 
process comprises using a medium, which has heen devel
oped for the specific growth requirements of the cell line used, 
in combination with a pe1fosion apparatus as described e.g. in 

65 de_tail in Example 2. By means of such a process there can be 
produced, for example, in the case of HL-60 cells up to more 
than 20-fold higher cell densities than usual. 
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In addition thereto. the present inve111ion is also concerned 
with DNA sequences coding for proteins ;ind soluble or non
sol uhle fragments thereof, which hind TN E · f'hereunder there 
are to be understood: for e:,;ample. DNA sequences coding for 
non-soluble proteins or soluble as well as non-soluble frag
ments thereof, which hind TNF. such DNA sequences being 
selected from the following: 
(a) DNA sequences as given FIG. 1 or FIG. 4 as well as their 
complementary strands. or those which include these 
sequences; 
(b) DNA sequences which hybtidize with sequences defined 
under (a) or fragments thereof; 
( c) DNA sequences which. because of the degeneracy of the 
genetic code, do nol hybridize with sequences as defined 
under (a) and (b), but which coc.le for polypeptides, having 
exactly the same amino acid sequence. 

Thul is 10 say, Lhe present invention embrnces not only 
allelic variants, hut also those DNA sequences which result 
from deletions, substitutions and additions from one or more 
nucleotides of the sequences given in FIG. 1 or PIG. 4, 
whereby in the case of the proteins coded thereby there come 
into consideration, just as before, TNF-BP. One sequence 
which results from such a deletion is described, for example, 
in Science 248. 1019-1023, (1990). 

There urc preferred first of all those DNA sequences which 
code for such a protein having an apparent molecular weight 
of about 55 kD, whereby the sequence given in FIG. 1 is 
especially prefe1Ted, and sequences which code for non
soluble as well as soluble fragments of such proteins. A DNA 
sequence which codes. for example, for such a non-soluble 
protein fragment extends from nucleotide -185 to 1122 of the 
sequence given in FIG. l. DNA sequences which code for 
soluble protein fragments are, for example, those which 
extend from nucleotide-185 to 633 or from nuclcotide-14lo 
633 of the sequence given in FIG. 1. There are also preferred 
DNA sequences which code for a protein of about 75/65 kD, 
whereby those which contain the partial cDNA sequences 
shown in FIG. 4 are preferred. Especially preferred DNA 
sequences in this case are the sequences of the open reading 
frame of nucleotide 2 to 1.177. The pep1ides IIA, IIC, IIE. IIF, 
IIG and IIH arc coded by the partial cDNA sequence in FIG. 
4, whereby the insignificant deviations in the experimentally 
determined amino acid sequences are based on the cDNA
derivcd sequence with highest probability from the limited 
resolution of the gas phase sequencing. DNA sequences 
which code for insoluble (deposited on Oct. 17, 2006 with the 
American Type Culture Collection under Accession No. PTA 
7942) as well as soluble fractions of 1NF-hinding proteins 
having an apparent molecular weight of 65 kD/75 kD are also 
preferred. DNA sequences for such soluble fragments can he 
determined on the basis of the amino acid sequences derived 
from the nucleic acid sequences coding. for such non-soluble 
TNF-BP. 

The invention is also concerned with DNA sequences 
which comprise a combination of 1wo partial DNA 
sequences. with one of the partial sequences coding for those 
soluble fragments of non-soluble proteins which bind TNF 
(see above) and the other partial sequence coding for all 
domains other than the first domain of the constanl region of 
the heavy chain of human immunoglobulins such as lgG, lgA. 
IgM or lgE. in particular lgG 1 or lgG3 subtypes. 

The present invention is ulso concerned with the recombi
nant proteins coded by any of DNA sequences described 
above. Of course, there arc lherehy also included such pro
teins in whose amino acid sequences amino acids have been 
exchanged, for example by planned mutagenesis. so that the 
activity of the TNF-BP or fragments thereof. namely the 

6 
binding ofTNF or the interaction with other membrane com
ponents participating in the signal transfer. have been altered 
or maintained in a desirable manner. Amino acid exchanges in 
proteins and peptides which do not generally alter the activity 

5 of such molecules are known in the state of 1he art and arc 
described, for example. by H. Neurath and R L. Hill in 
"The'Protcins" (Academic Press. New York, 1979. sec espe
cially FIG. 6. page 14). The most commonly occuning 
exchanges are: Ala/Ser, Val/lie. Asp/Glu, TI1r/Ser. Ala/Gly, 

10 Ala/Thr, Ser/Asn, Ala/Val, Ser/Gly. Tyr/Phe, Ala/Pro, Lys/ 
Arg, Asp/ A sn, 1,eu/lle, Leu/Val, A la/Glu, Asp/Gly as we II as 
these in reverse. The present invention is also concerned with 
vectors which contain any of the DNA sequences described 
above in accordance with the invention and which arc suitable 

15 for the transformation of suitable pro- and eukaryotic host 
systems. whereby there arc preferred those vectors whose use 
leads to the expression of the proteins which are coded by any 
of the DNA sequences described above in accordance with 
lhc invention. Finally. the present invention is also concerned 

20 with pro- and eukaryotie hosl systems tram.formed with such 
vectors, as well as a process fort he production of recombinant 
compounds in accordance with the invention by cultivating 
such host systems and subsequently isolating lhesc com
pounds from the host systems themselves or their culture 

25 supematants. 
An object of the present invention are also pharmaceutical 

preparations which contain at least one of these TNF-BPs or 
fragments thereof. if desired in combination with other phar
maceutically active substances and/or non-toxic, inert. thera-

30 peutically compatible carrier materials. 
Finally, the present invention is concerned with the use of 

such a TNF-BP on the one hand for the production of phar
maceutical preparntlons und on the other hand for the treat
ment of illnesses, prefcrnbly those in which TNF is involved 

35 in their course. 
Starting materials for the TNF-BP in accordance with the 

invention arc quite generally cells which contain such TNF
BP [in membrane-bound form] and which are generally 
accessible without restrictions to a person skilled in the art, 

40 such as, for example, HL60 [ATCC No. CCL 240], U 937 
[ATCC No. CRL 1593), SW 480 [ATCC No. CCL 228] and 
HEp2 cells [ A TCC No. CCL 23]. These cells can be cu lti vuted 
according to known methods of the slate or Lhe art 140} or. in 
order to produce high cell densities, according to the proce-

45 dure already described generally and described in detail in. 
faamplc 2 for HL60 cells. TNF-BP can then he extracted 
fmm lhc cells. which are centrifuged-off from the medium 
and washed. according to known methods of the state of the 
art using suitable detergents. for example Triton X-114, 1-0-

50 n-octyl-P-D-glucopyranoside (octylglucoside) or 3-[(3-
chol ylamido-propy 1)-dimethy lam moni o J-1-propf.me sulpho
nate (CHAPS). especially using Ttilon X-100. For the 
detection of such TNF-BP there can he Used the usually used 
detection methods for TNP-BP. for example a polyethylene 

55 glycol-I-induced precipitation of the 12~1-TNF/TNF-HP 
complex [27}, c~pedally filter-binding tests with radioac
tively labelled TNF according to Example L In order to 
produc,~ the TNF-BP in accordance with the invention. the 
general methods of the state of the art used forthe purification 

60 of proteins, especially of membrane proteins. such as, for 
example, ion exchange chromatogrnphy, gel filtration, affin
ity chromatography, llPLC and SDS-PAGE can be used. 
Especially preforred me1hods for the production of TNF-BP 
in accordance with the inwntion arc affinity chromatography, 

65 especially with TNF-a as the ligand bound to the solid phase, 
and immune-allinily chromutography, HPLC and SDS
PAGE. The elution of TNF-BP bands which urc separated 
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using SDS-PAGE can be effected according to known meth
ods of protein chemistry, for example using electroelulion 
according to Hunkapiller et al. [34], whereby according to 
present knowledge the electro-dialysis times given there gen
erally have to be doubled. Thereafter, traces of SDS which 
still remain can then be removed in accordance with Bosser
holI et al. [501. 

The thus-purified TNF-BP can be characterized by meth
ocis of peptide chemistry which are known in the stale of the 
art, such as, for example, N-terminal amino acid sequencing 
of enzymatic well as chemical peptide cleavage. Fragments 
obtained by enzymatic or chemical cleavage can be separated 
according to usual methods such as, for example, HPLC and 
can themselves be subjected to further N-terminal sequenc
ing. Such fragments which themselves bind TNF can be iden
tified using the afore-mentioned detection methods forTNF-
BP and are likewise of the present invention. 

Starting ne 1tnus-omame:a acid sequence infor-
mation or the DNA and amino acid sequences given in FIG. 1 
as well as in FIG. 4 there can be produced, taking into con
sideration the degeneracy of the genetic code, according to 
methods known in the state of the art suitable oligonucle
otides [51). By means of these, again according lO known 
methods of molecular biology [42,43], cDNA or genomic 
DNA banks can be searched for clones which contain nucleic 
acid sequences coding for TNF-BP. More-over, using the 
polymerase chain reaction (PCR) [49] cDNA fragments can 
be cloned by completely degenerating the amino acid 
sequence of two spaced apart relatively short segments while 
taking into consideration the genetic code and introducing 
into their complementarity suitable oligo-nucleotides as a 
"primer", whereby the fragment lying between these two 
sequences can be amplified and identi fled. The determination 
of the nucleotide sequence of a such a fragment permits an 
independent determination of the amino acid sequence of the 
protein fragment for which it codes. The cDNA fragments 
obtainable by PCR can also, as already described for the 
oligonucleotides themselves, be used according to known 
methods to search for clones containing nucleic acid 
sequences coding forTNF-BP from cDNA or genomic DNA 
banks. Such nucleic acid sequences can then he sequenced 
according to PJOWn methods [42]. On the basis of the thus
determined sequences and of the already known sequences 
for certain receptors, those partial sequences which code for 
soluble 1NF-BP fragments can be determined and cut out 
from the complete sequence using known methods [421-

The complete sequence or such partial sequences can then 
be integrated using known methods into vectors described in 
the state of the art for their multiplication and expression in 
prokaryotes [421. Suitable prokaryotic host organisms are, for 
example, gram-negative and gram-positive bacteria such as, 
for example, E.coli strains such as E.coli HB l Ol [ATCC No. 
33 6941 or E.coli W3110 [ATCC No. 27 325) or B. subtilis 
strains. 

Furthermore, nucleic acid sequences in accordance with 
the invention which code forTNF-BP fill well as forTNF-BP 
fragments can be integrated using known methods into suit
able vectors for reproduction and expression in eukaryotic 
host cells, such as, for example, yeast, insect cells and mam
malian cells. Expression of such sequences is preferably 
effected in mammalian and insect cells. 

A typical expression vector for mammalian cells contains 
an efficient promoter element in order to produce a good 
transcription rate, the DNA sequence to be expressed and 
signals for an efficient tem1ination and pol yadenylation of the 
transcript. Additional elements which can be used are 
"enhancers" which lead to again intensified transcription and 

8 
sequences which e,g. can bring about a longer half life of the 
mRNA. For Lhe expression ofnucleic acid sequences in which 
the endogenous sequence fragment coding for a signal pep
tide is missing, there can be used vectors which contain such 

5 suitable sequences which code for signal peptides of other 
known proteins. See, for example, the vector pU268 
described by Cullen, B. R. in Cell 46, 973-982 ( 1986) as well 
as Sharma, S. et al. in "Current Communications in Molecular 
Biology", edt by Gething, M. J., Cold Spring Harbor Lab. 

lO (1985), pages 73-78. 
Most of these vectors which are used for a transient expres

sion of a particular DNA sequence in mammalian cells con
tain the replication source of the SV40 virus. ln cells which 
express the T-antigen of the virus (e.g. COS cells), these 

15 vectors are reproduced abundantly. A transient expression is, 
however, not limited to COS cells. In principle any transfect
able mammalian cell line can be used for this purpose. Signals 
which can bring about a strong transcription are e.g. the early 
and late promoters of SV 40, the promoter and enhancer of the 

20 "major immediate-early" gene of HCMV (human cytomega
lovirus), the LTR' s ("long terminal repeats") of retroviruses 
such as, for example, RSV, HIV and MMTV. There can, 
however, also be used signals of cellular genes such as e.g. the 
promoters of the actin and collagenase genes. 

25 Alternatively, however, stable cell lines which have the 
specific DNA sequence integrated into the genome (chromo
some) can also be obtained. For this, the DNA sequence is 
cotransfected together with a selectable marker, e.g. neomy
cin, hygromycin, dihydrofolate reductasc (dhfr) or hypoxan-

30 thin guanine phosphoribosyl transferase (hgpt). The DNA 
sequence stably incorporated in the chromosome can also be 
reproduced abundantly. A suitable selection marker for this is, 
for example, dihydrofolate reductase (dhfr). Mammalian 
cells (e.g. CHO cells), which contain no intact dhfr gene, are 

35 thereby incubated with increasing amounts of methotrexate 
after transinfection has been effected. In this manner cell lines 
which contain more than a thousand copies of the desired 
DNA sequence can be obtained. 

Mammalian cells which can be used for the expression are 
40 e.g. cells ofthe human cell lines Hela [ATCC CCL2] and 293 

[ATCC CRL 15731 as well as 3T3 (ATCC CCL 163] and L 
cells, e.g. [ATCC CCL 149], (CHO) cells [ATCC CCL 61], 
BHK [ATCC CCL 101 cells as weli as the CV 1 [ATCC CCL 
70] and the COS cell lines [ATCC CRL 1650, CRL 1651). 

4.S Suitable expression vectors include, for example, vectors 
such as pBCl 2MI [ATCC 67 109], pSV2dhfr [ATCC 371461, 
pSVL [Pharmacia, Uppsala, Sweden], pRSVcat [ATCC 37 
152] and pMSG [Pharmacia, Uppsala, Sweden]. The vectors 
"pK19" and "pNl23" used in Example 9 are especially pre-

so ferred vectors. These can be isolated according to known 
methods from E, coli strains HBIOl(pK19) and HBIOl 
(pNl23) transformed with them [421, These E.coli strains 
have been deposited on the 26 Jan. 1990 at the Deutschen 
Sammlung von Mikroorganismen and ZeUkulturen GmbH 

55 (DSM) in Braunschweig, FRG, under DSM 5761 for HB l 01 
(pK19) and DMS 5764 for HB101(pN123). For the expres
sion of proteins which consist of a soluble fragment of non
soluble TNF-BP and an immunoglobulin fragment, i.e. all 
domains except the first or the constant region of the heavy 

60 chain, there are especially suitable pSV2-derived vectors as 
described, for example, by German, C. in "DNA Cloning" 
[Vol. II., edt. by Glover, D. M., IRL Press, Oxford, 19851. The 
vectors pCD4-Hp (DSM 5315, deposited on 21 Apr. 1989), 
pDC4-Hyl (DSM 5314, deposited on 21 Apr. 1989) and 

65· pCD4-Hy3 (DSM 5523, deposited on 14 Sep. 1989) which 
have been deposited at the Deutschen Sammlung von Mikro
organismen and Zellkulturen GmbH (DSM) in Braunsch-
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of 10-"-10-10 M), these or fragmenLs thereof can be used as 
diagnostics for the detection of TNF in serum or other body 
fluids according to methods known in the state of the art, for 
example in solid phase binding tests or in combination with 

wcig, FRG, and which are described in detail in European 
Patent Application No. 90107393.2 are especially preferred 
vectms. This European Patent Specification and the equiva
lcnl Application!> referred to in Example 11 also contain data 
with respect to the further use of these vectors forthe expres
sion of chimeric proteins (see also Example 11) and for the 
constmction of vectors for the expression of such chimeric 
proteins with other immunoglohulin fragments. 

5 anti-TNF-BP antibodies in so-called "sandwich" tests. 
Moreover, TNF-BP in accordance with the invention can 

be used on the one hand for the purification ofTNF and on the 
other hand for the detection ofTNF agonists and 1NF antago
nists according to procedures which are known in the state of The manner in which these cells are transfected depends on 

the chosen expression system and vector system. An over
view of these methods is to be found e.g. in Pollard et al., 
"DNA Transformation of Mammalian Cells" in "Methods in 
Molecular Biology" [Nucleic Acids Vol. 2, 1984, Walker, J. 
M., ed, Humana, Clifton, NJ. ]. Further methods arc to be 
found in Chen and Okayama ["High-Efl1ciency Transforma
tion of Mammalian Cells by Plasmid DNA", Molecular and 
Cell Biology 7, 2745-2752, 1987] and in Feigner I Feigner ct 

10 the art. 
The TNF-BP in accordance with the invention as well as 

their physiologically compatible salts, which can be manu
factured according to methods which are known in the state of 
the art, can also be used for the production of pharmaceutical 

al., "Lipofectin: A highly efficient, lipid-mediated. DNA
transfection procedure", Proc. Nat. Acad. Sci. USA 84, 7 413-
7417, 1987]. 

15 preparations, primarily those for the treatment of illnesses in 
which TNF is involved in their course. For this purpose, one 
or more of the said compounds, where desired or required in 
combination with other pharmaceutically active substances, 
can be processed in a known manner with the usually used 

20 solid or liquid carrier. materials. The dosage of such prepa
rations can be effected having regard to the usual criteria in 
analogy to already used preparations of similar activity and 

The baculovims expression system, which has already 
been used successfully for the expression of a series of pro
teins (for an overview sec Luckow and Summers, Bio/Tech
nology 6, 47-55, 1988), can be used for the expression in 
insect cells. Recombinant proteins can be produced in authcn- 25 

tic form or as fusion proteins. The thus-produced proteins can 
also be modified such as, for example, glycosylated (Smith ct 
al., Proc. Nat Acad. Sci. USA 82, 8404-8408, 1987). For the 
production of a recombinant baculovirus which expresses the 
desired protein there is used a so-called "transfer vector" 30 

Under this there is to be understood a plasmid which contains 
the heterologous DNA sequence under the control of a strong 
promoter, e.g. that of the polyhedron gene, whereby this is 
surrounded on both sides by viral sequences. The vectors 
"pN 113", "pN 1 I 9" and "pN 124" used in Example 10 are 35 

especially preferred vectors. These can be isolated according 
to known methods from E. coli strains HBI0l(pNl13), 
HBlOl(pNl 19) and HB101(pNl24) transformed with them. 
These E. coli strains have been deposited on the 26 Jan. 1990 
at the Deutschen Sammlung von Mikroorganismen and 40 

Zcllkulturcn GmbH (DSM) in Braunschweig, FRG, under 
DSM 5762 for HBlOJ(pNI 13), DSM 5763 for HBIOI 
(pNI 19) and DSM 5765 for HB 101 (pN 124). The transfer 
vector is then transfected into the insect cells together with 
DNA of the wild type baculovirus. The recombinant viruses 45 

which result in the cells by homologous recombination can 
then be identified and isolated according to known methods. 

stmcture. ' 
Since the invention has been described hereinbefore in 

general terms, the following Examples are intended to illus
trate details of the invention, butthcy arc not intended to limit 
its scope in any manner. 

Example I 

Detection of TNF-Binding Proteins 

The TNF-BP were detected in a filter test with human 
radioiodinated 1251-'fNF. TNF (46, 47) was radioactively 
labelled with Na125I (IMS40, Amersham, Amersham, 
England) and iodo gene (#28600, Pierce Eurochemie, Oud-
Beijerland, Netherlands) according to Fraker and Speck [48]. 
For the detection of the TNF-BP, isolated membranes of the 
cells or their solubilized, enriched and purified fractions were 
applied to moist nitrocellulose filter (0.45µ, BioRad, Rich
mond, Calif., USA). The filters were then blocked in buffer 
solution wilh l % skimmed milk powder and subsequently 
incubated with 5• 105 cpm/ml of 1251-TNFa (0.3- LO· 108 cpm/ 
µg) in two hatches with and without the addition of 5 µg/ml of 
non-labelled TNFa, washed and dried in the air. The bound 
radio-activity was detected semiquantitatively by autoradiog-
raphy or counted in a gamma-counter. The specillc 1251-
TNF-a binding was determined after correction for unspe
cilic binding in the presence of unlabelled TNF-a in excess. 

An overview of the baculovirus expression system and the 
methods used therein is to be found in Luckow and Sum
mers [52]. 

Expressed TNF-BP as well as its non-soluble or soluble 
fractions can then be purified from the cell mass or the culture 
supematants according to methods of protein chemistry 
which are known in the state of the art, such as, for example, 
the procedure already described on pages 5-6. 

50 The specific TNF-binding in the filter test was measured at 
various TNF concentrations and analyzed according to Scat
chard, whereby a Kd value of· 10-"- 10-10 M was determined. 

55 

The TNF-BP obtained in accordance with the invention 
can also be used as antigens to produce polyclonal and mono
clonal antibodies according to known-techniques [44, 45] or 
according to the procedure described in Example 3. Such 
antibodies, especially monoclonal antibodies against the 75 60 

kD TNF-BP species. are also an object of the present inven
tion. Those antibodies which are directed against the 75 kD 
TNF-BP can be used for the isolation ofTNF-BP by modifi
cations of the purification procedure described in detail in 
Examples 4-6 which arc familiar !o a person skilled in the arL 65 

On the basis of the high binding aflinity of TNF-BP in 
accordance with the invention for TNF (Kd value in the order 

Example 2 

Cell Extracts of HL-60 Cells 

HL60 cells IATCC No. CCL 240] were cultivated on an 
experimental laboratory scale in a RPMI 1640 medium 
IGIBCO catalogue No. 074-01800], which contained 2 g/1 
NaHCO, and 5% foetal calf scmm, in a 5% CO2 atmosphere, 
and subsequently centrifuged. 

The following procedure was used to produce high cell 
densities on an industrial scale. The cultivation was carried 
out in a 75 I Airlift fermenter (Fa. Che map, Switzerland) with 
a working volume of 58 L For this there was used the cassette 
membrane system "PROSTAK" {Millipore, Switzerland) 
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with a membrane surface of 0.32 m2(1 casseue) integrated 
into the external circulation circuit. The culture medium (see 
Table 1) was pumped around with a Watson-Marlow pump, 
lype 603U, with 5 I/min. After a steam sterilization of the 
installation, whereby the "PROSTAK" system was sterilized 5 

separately in autoclaves, the fermentation was started with 
growing HL-60 cells from a 20 l Airlift fermenter (Chemap). 
The cell cultivation in the inoculation fermenter was effected 
in a conventional batch process in the medium according to 
Table I and an initial cell titre of 2xl 05 cells/ml. Arter 4 days IO 
the HL60 batch was transferred with a titre of 4.9x I 06 cells/ 
ml into the 75 I lcnnenter. The pH value was held at 7.1 and 
the pO2 value was held at 25% saturation, whereby the oxy
gen introduction was effected through a microporous frit. 

15 
After initial batch fermentation, on the 2nd day lhe perfusion 
at a cell titre of 4xl 06 cells/ml was started with 30 I of medium 
exchange per day. On the filtrate side of the medium the 
conditioned medium was removed and replaced by the addi
tion of fresh medium. The added medium was fortified as 

20 
follows: Primatone from 0.25% to 0.35%, glutumine from 5 
mM to 6 mM and glucose from 4 g/1 to 6 g/L The perfusion 
rate was then increased on the 3rd and 4th day to 72 I of 
medium/day and on the 5th day to 100 l of medium/day. The 
fermentation had finished after 120 hours of continuous cul-

25 
tivation. Exponenlial cell growth up to 40xl06 cells/ml took 
place under the given fennentation conditions. The duplica
tion time of the cell population was 20-22 hours to !Ox I 06 

cells/ml and then increased to 30-36 hours with increasing 
cell density. The proportion of living cells lay at 90-95% 

30 
during the entire fermentation period. The HL-60 batch was 
then cooled down in the fermenter to about 12° C. and the 
cells were harvested by centrifugation (Beckman centrifuge 
lModel J-6B, Rotor JS}. 3000 rpm, lO min., 4° C.). 

35 
TABLE 1 

HL-60 medium 

12 
TABLE I-continued 

Components 

Pyridoxal HCI 
Pyridoxin HCJ 
Riboflavin 
Thiamin HCI 
Vitamin B 12 

L-Alanine 
L-Aspartic acid 
L-Asparagme H20 
L-Argini □e 

L-All!,inine HCI 
L-Aspar1ate 
L-Cystinc 2HCI 
L-Cysteine HCJ • H2O 
L-Glutamic acid 
L--Glutamine 
L-Glycinc 
L-Histidinc 
L-Histidine HCI • H20 
L-Hydroxypyroline 
L-lsoleucine 
L-Leucine 
L-Lysine HCI 
L-Methionine 
L-Phenylal81lioc 
L-Proline 
lrSerinc 
!.-Threonine 
L-Tryptophao 
L-Tyrosine • 2Na 
!.-Valine 
Penicil Ii n/streptomydo 
Insulin (human) 
Trnnferrin (human) 
B"vine scrum albumin 

HL-60 medium 

Primatone RL (Sheffield Products, 
Norwich NY. USA) 
Pluronic F68 
(Serva, Heidelberg. FRG) 
Foetal calf serum 

Concentrations 
mg/I 

2.4124 
0.2 
0.2876 
2.668 
0.2782 

11.78 
Hl 
14.362 
40 
92.6 
33.32 
62.04 

7.024 
36.94 

730 
21.5 
3 

27.392 
4 

73,788 
7f62 

l02.9 
21.896 
43.592 
26.9 
31.3 
53 
11.008 
69.76 
62.74 
100 U/ml 

5 µg/ml 
15 µg/ml 
67 µg/ml 
0.25% 

0.01% 

0.3-3% 

Components 
Concentrations 

mgn 40 
The centrifugale was washed with isotonic phosphate 

buffer (PBS; 0.2 g/1 KC!, 0.2 g/1 KH2P04, 8_0 g/1 NaCl, 2.16 
g/1 Na2HPO.,.7H20), which had been treated with 5% dim
ethylformamide, 10 mM benzamidine, 100 U/ml aprotinin, 
10 µM leupeptin. l µM pepstatin, l mM o-phenanthroline, 5 

CaCl 2 (anhydrous) 
Ca(NO_.), • 4H20 
CaSO,.• 5H1 O 
fo(N03), • 9H10 
PeSO..,•7H,O 
KC! 
KN03 
MgCl2 (oohydrous) 
MgS04 (anhydrous) 
NaCl 
Na2 HPO_, (anhydrous) 
NaH2 PO• • H20 
Na2SeO, • 5H2O 
ZnS0.1 • 7H20 
D-Glucosc 
Glutathion (red.) 
Hepcs buffer 
Hypoxanlhin 
Linoleic acid 
Lipoic acid 
Phenol Red 
Putresci ne 2HCI 
Na pyruv'dle 
Thy mi dine 
Biotin 
D-Ca pantothenate 
Choline chloride 
folic acid 
i-lnositol 
Niacinamide 
Nicotinamide 
para-Aminobenzoic acid 

ll2.644 
20 

0.498. I0-3 

0-02 
0.1668 

336.72 
0.0309 

11.444 
68.37 

5801.8 
188.408 
75 

9.6. I0-3 

0.1726 
4000 

0.2 
2383.2 

0.954 
0.0168 
0.042 

J0.24 
0.0322 

88 
0.146 
0.04666 
2.546 
5.792 
2.86 

I 1.32 
2.6 
0.0074 
0.2 

45 mM iodoacetamide, l mM phenyl-methylsulphonyl fluoride 
(referred to hereinafter as PBS-M). The washed cells were 
extracted at a density of 2.5· toR cells/ml in PBS-M with 
Triton X-100 (final concentration 1.0%). The cell extract was 
clarified by ce11trifuglltion (15,000xg, 1 hour; 100,000xg, l 

so hour). 

Example 3 

Production of Monoclonal (TNF-BP) Antibodies 
55 

A centrifugation supernatant from the cultivation of HL60 
cells on an experimental laboratory scale, obtained according 
to Example 2, was diluted with PBS in the ratio 1:10. The 
diluted supernatant was applied at 4° C. (flow rate: 0.2 

60 ml/min.) to a column which contained 2 ml ofAffigcl 10 (Bio 
Rad Catalogue No. 153-6099) to which had been coupled 20 
mg of recombinant human TNF-o: [Pennica, 0. el al. (1984) 
Nature 312, 724: Shirai, T. et al. ( 1985) Nature 313. 803; 
Wllng, A. M. et al. (1985) Science 228, 149] according lo the 

65 recommendations of the manufacturer. The column was 
washed at 4° C. and a through flow rate of I ml/min firstly with 
20 ml of PBS which contained 0.1 % Triton X 114 and lhere-
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after with 20 ml or PBS. Thus-1-enriched TNF-BP was elllted 
at 22° C. and a llow rate of 2 ml/min with 4 ml of IO0 mM 
glycine, pH 2.8, 0.1 % dccyl-maltoside. The eluate was con
centrated to IO µI in a Centricon 30 unit [Amicon]. 

IO µI of this eluate were mixed with 20 µI of complete 5 

Freund' s adjuvant to give an emulsion. IO ~ti of lhe emulsion 
were injected according to the procedure described by Holm• 
dahl, R. et al. [( 1985), J. lmmunol. Methods 32, 379] on each 
of days 0, 7 and 12 into a hind paw of a narcotized Balb/c 
mouse. 

The immunized mice were sacrificed on day 14, the 
popliteal lymph nodes were removed. minced and suspended 

JO 

14 
the thus-prepared columns which were connected in series in 
the following sequence: BSA-Sepharose pre-column, 
immune affinity column (anti-(55 kD-TNF•BP) antibody), 
TNFa-ligand affinity column. After completion of the appli
cation the two last-mentioned columns were separated and 
washed individually with in each case l00 ml of the following 
buffer solutions: {l) PBS, I ,0%Triton X-100, 10 mM benza
midine, 100 U/ml aprotinin; (2) PBS, 0.1 % Triton X-l00, 
0.5M NaCl, 10 mM ATP, 10 mM benzamidine, 100 U/ml 
aprotinin; and (3) PBS, 0.1 % Triton X-lOO, JO mM benzami-
dine, 100 U/ml aprotinin. Not only the immune affinity col
mnn, but also the TNFo:-ligand affinity column were then 
each eluted with 100 mM glycine pH 2.5, 100 mM NaCl, 

by repeated pipetting in Iscove's medium (IMEM. GIBCO 
Catalogue No. 074-2200) which contained 2 g/1 NaHCO1. 

According to a modified procedure of De St. Groth and 
Scheidegger [J. Immunol. Methods (1980), 35, I] 5xl07 cells 

15 0.2% dccylmaltosidc, lO mM benzamidine, JOO ll/ml apro
tinin. The fractions of each column which were active in the 
filler test according to Example l were thereafter combined 
and neutralized with l M Tris pH 8.0. 

of the lymph nodes were fused with Sxl07PAI mouse 
myeloma cells (J. W. Stocker et al., Research Disclosure, 217, 
May 1982, 155-157) which were in logarithmic growth. The 
cells were mixed, collected by centrifugation and resus• 20 
pended in 2 ml of 50% (v/v) polyethylene glycol in IMEM al 
room temperature by slight shaking and diluted by the slow 
addition of 10 ml of IMEM during careful shaking for 10 
minutes. The cells were collected by centrifugation and resus
pended in 200 ml of complete medium [IMEM+20% foetal 25 

calf scrum, glutamine (2.0 mM), 2-mercaptoethanol (HO µI), 
!00 µM hypoxanthine, 0.4 µM aminopterine and 16 µM thy
midine (HAT)J. The suspension was distributed on IO tissue 

The thus-combined TNF-BP active fractions of the 
immune affinity chromatography on the one hand and of the 
TNFa.figand affinity chromatography on the other hand 
were, for further purification, again applied to in each case 
one small TNFa.Jigand affinity column. Thereafter, these two 
columns were washed with in each caqe 40 ml of (I) PBS, 
1.0% Triton X-100, 10 mM benzamidine, 100 U/ml aprotinin, 
(2) PBS, 0.1 % Triton X-100, 0.5M NaCl, 10 mM ATP, 10 mM 

IO culture dishes each containing 96 wells and incubated at 
37° C. for 11 days without changing the medium in an atmo• 30 
sphere of 5% CO2 and a relative humidity of 98%. 

benzamidine, 100 U/ml aprotinin, (3) PBS, 0.1 % Triton 
X-IOO, (4) 50 mM Tris pH 7.5, 150 mM NaCl, 1.0% NP-40, 
1.0% dcsoxycholate, 0.1 % SOS, (5) PBS, 0.2% decyl-malto
side. Subsequently, the columns were eluted with 100 mM 
glycine pH 2.5, 100 mM NaCl, 0,2% decylmaltoside. Frac-

The antibodies are distinguished hy their inhibitory action 
on the binding of TNF to HL60 cells or by their binding to 
antigens in the filter test according to Example 1. The follow
ing procedure was used to detect the biological activity of 35 
anti(TNF-BP) antibodies: 5xJ06 HL60 or U937 cells were 
incubated in complete RPM! 1640 medium together with 
affinity-purified monoclonal anti-(TNF-BP) antibodies or 
control antibodies (i.e. those which are not directed against 
TNF-BP) in a concentration range of I ng/rnl to IO 11g/ml. 40 

After incubation at 37° C. for one hour the cells were col-

tions of 0.5 ml from each column were collected and the 
fractions from each column which were active according to 
the filter test (Example 1) were combined and concentrated in 
a Centricon unit (Amicon, molecular weight exclusion 
10,000). 

Example 5 

Separation by Means of HPLC 

lected by centrifugition and washed with 4.5 ml of PBS at 0° 
C. They were resuspended in 1 ml of complete RPMI 1640 
medium (Example 2) which additionally contained 0.1 % 
sodium azide and ml-TNFa (106 cpm/ml) with or without 
the addition of unlabelled TNFa (sec above). The specific 
radioactivity of the ml-TNFa amounted to 700 Ci/mmol. 
The cells were incubated at 4° C. for 2 hours, collected and 
washed 4 times at 0° C. with 4.5 ml of PBS which contained 
l % BSA and 0.00 l % Triton X l 00 (Fluka). The radioactivity 
bound lo the cells was measured in a y-scintillation counter. 
The cell•bound radioactivity of cells which had not been 
treated with anti-(TNF-BP) antibodies was detennined in a 
comparative experiment (approximately JO 000 cpm/5x106 

cells). 

Example 4 

Affinity Chromatography 

For the further purification, a monoclonal anti-(55 kD 
TNF-BP) antibody (2.8 mg/ml gel), obtained according to 
Example 3, TNFa (3. 9 mg/ml gel) and bovine serum albumin 
(BSA, 8.5 mg/ml gel) were each covalently coupled to CNBr
activated Sepharose 4B (Pharmacia. Uppsala, Sweden) 
according to the directions of the manufacturer. The cell 
extract obtained according lo Example 2 was passed through 

The active fractions obtained according to Example 4 were 
each applied according to their different source (immune or 
ligand affinity chromatography) to CI/C8 reversed phase 

45 I IPLC columns (ProRPC, Pharmacia, 5x20 mm) which had 
been equilibrated with 0.1 % trifluoroacetic acid, 0.1 % octyl
glucoside. The columns were then eluted with a linear aceto
nitrile gradient (0-80%) in the same buffer al a flow of 0.5 
ml/min. Fractions of 1.0 ml were collected from each column 

50 and the active fractions from each column were combined 
(detection according to Example 1 ). 

55 

Example 6 

Separation by Means ol' SDS·PAGE 

The fractions which were obtained according to Example 5 
and which were active according to the filter test (Example I) 
were fm1her separated by SDS-PAGE according to [341. For 

60 this purpose, the samples were heated to 95° C. for 3 minutes 
in SDS sample buffer and subsequently separated electro• 
phorelically on a 12% acrylamide separation gel with a 5% 
collection gel. The following standard proteins were used as 
a reference for the determination of the apparent molecular 

65 weights on the SOS-PAGE gel: phosphorylase B (97.4 kD), 
BSA (66.2 kD), ovalbumin (42.7 kD), carboanhydrase (31.0 
kD), soya lrypsin inhibitor (21.5 kD) and lysozyme ( 14.4 kD). 
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Under the mentioned conditions there were obtained for 
samples which has been obtained according to Ex.ample 4 by 
TNF-a-ligand affinity chromatography of immune affinity 
chrom11tography eluates and which had been further sepa
rated by HPLC according to Ex.ample 5 two bands of 55 kD 5 

and 51 kD as well as three weaker bands of 38 kD, 36 kD and 
34 kD. These bands were transferred electro-phoretically dur-
ing 1 hour at 100 Vin 25 mM Tris, 192 mM glycine, 20% 
methanol on to a PVDF membrane (Immobilon, Millipore, 
Bedford, Mass, USA) in a Mini Trans Blot System (BioRad, 10 
Richmond, Calif., USA). Thereafter, the PVDF membrane 
was either protein-stained with 0.15% Serva-Blue (Serva, 
Heidelberg, FRG) in methanol/water/glacial acetic acid (50/ 
40/10 parts by volume) or blocked with skimmed milk pow
der and subsequent] y incubated with 1251-TNFa according to 15 
the filter test conditions described in Example l in order to 
detect bands having TNF-BP activity. This showed that all 
bands produced in the protein staining bonded TNFa specifi
cally. In the Western blot according to Towbin el al. [38] all of 
these bands also bonded the monoclonal anti-55 kD-TNF-BP 20 

antibody produced according to Ex.ample 3. In this case, a 
procedure according to that described in Example l with 
Na125I radioactively-labelled, affinity-purified (mouse 
immuno-globulin-Sepharose-4B affinity column) rabhit
anli-mouse-imrnunoglobuli n antibody was used for the auto- 25 

radiographic detection of this antibody. 
Samples which had been obtained according to Example 4 

by two-fold 1NF-o:-ligand affinity chromatography of the 
throughput of the immune affinity chromatography and 
which had been further separated by HPLC according to 30 

Example 5 showed under the above-specified SDS-PAGE and 
blot transfer conditions two additional bands of 7 5 kD and 65 
kD, both of which bonded TNF specifically in the filter test 
(Example l). In the Western blot according to Towbin et al. 
(see above) the proteins of these two bands did not react with 35 
the anti-(55 kD 1NF-BP) antibody produced acconling to 
Example 3. They reacted, however, with a monoclonal anti
body which had been produced starting from the 75 kD band 
(anti-75 kD TNF-BP antibody) according to Example 3. 

40 
Example 7 

1 Amino Acid Sequence Analysis 

16 
ase K and the peptides were separated by BPLC according to 
known methods of protein chemistry. Thus-prepared samples 
were then sequenced in an automatic gas phase microse
quencing apparatus (App lied Biosystems Model 4 70A, AB 1, 
Foster City, Calif., USA) with an on-line automatic HPLC 
PTH amino acid analyzer (Applied Biosystems Model 120, 
ABI see above) connected to the outlet, whereby the follow
ing amino acid sequences were determined: 
L For the 55 kD band (according to non-reducing SDS
PAGE): 

Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp
Ser-Yal-Cys-Pro-Gln-Gly-Lys-'Iyr-I le-His-Pro-Gln-X
Asn-Ser-lle (SEQ m NO: 5), 

and 
Ser-Thr-Pro-Glu-Lys-Glu-GI y-Glu-Leu-Glu-Gly-Thr

Thr-Thr-Lys (SEQ ID NO: 6) in which X stands for an 
amino acid residue which could not be determined, 

2, for the 51 kD and 38 kD bands (according to non-reducing 
SOS-PAGE): 

Leu-Val-Pro-His-Leu-Gly-Asp-Aig-Glu (SEQ ID NO: 15) 
3. for the 6510 band (according to non-reducing SDS-PAGE) 

In the N-terminal sequencing of the 6510 band two parallel 
sequences were determined up to the l 5th residue with
out interruption. Since one of the two sequences corre
sponded to a partial sequence of ubiquitin [36,37], the 
following sequence was derived for the 65 ill band: 

Leu-Pro-Ala-Gin-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-Glu
Pro-Gly-Ser-Thr-Cys. (SEQ m NO: 10) 

in which X stands for an amino acid residue whlch could 
not be determined. 

Additional peptide sequences for 75( 65)k:Da-TNF-BP 
were determined: 

Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 
(SEQ ID NO: 11) 

and 
Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser

Thr-Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7) and Val
Phe-Cys-Thr (SEQ ID NO: 8) 

aud 
Asn-Gln-Pro-Gln-Ala-Pro-Gly-Yal-Glu-Ala-Ser-Gly

Ala-Gly-Glu-Ala (SEQ ID NO: 9) andLeu-Cys-Ala-Pro 
(SEQ ID NO: 12) 

and 
Val-Pro-His-Leu-Pro-Ala-Asp (SEQ 1D NO: 13) 
and 
Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-Ala-

Pro (SEQ ID NO: 14), in which X stands for an amino 
acid residue which could not be determined. 

Example 8 

Determination of Base Sequences of Complementary 
DNA(cDNA) 

For the amino acid sequence analysis, the fractions which 45 
had been obtained according to Example 5 and which were 
active according to the filter test (Example 1) were separaled 
using the SDS-PAGE conditions described in Example 6, but 
now reducing (SDS sample buffer with 125 mM dithiothrei
tol). The same bands as in Example 6 were found, but because so 
of the reducing conditions of the SDS-PAGE in comparison to 
Example 6 all showed an about l-2 kD higher molecular 
weight. These bands were then transfe1red according to 
Example 6 on to PVDF membranes and stained with 0.15% 
Serva-Blue in methanol/water/glacial acetic acid (50/400/10 
parts by volume) for l minute, decolorized with methanol/ 
waler/glacial acetic acid (45/48/7 parts by volume), rinsed 
with water, dried in air and thereafter cut out The conditions 
given by Hunkapiller [34] were adhered to in al I steps in order 

55 Starting from the amino acid sequence according to for-

to avoid N-tcrminal blocking. Initially, the purified TNF-BP 
were used unallercd for the amino acid sequencing. In order 
to obtain additional sequence information, the TNF-BP after 
reduction and S-carbox.ymethylation [Jones, B. N. (1986) in 
"Methods of Protein Micro-characterisation", l E. Shively, 
ed., Humana Press, Clifton N.J., 124-125] were cleaved with 
cyanogen bromide (Torr, G. E. in "Methods of Protein Micro
characterisation", 165-166, loc. cit.), trypsin and/or protein-

mula IA there were synthesized having regard to the genetic 
code for the amino acid residues 2-7 and 17-23 corresponding 
completely degenerated oligonucleotides in suitable comple
mentarity ("sense" and "antisense" oligonucleotides). Total 

60 cellular RNA was isolated from HL60 cells [42,43] and the 
first cDNA strand was synthesized by oligo-dT priming or by 
priming with the "antisense" oligonucleotide using a cDNA 
synthesis kit (RPN 1256, Amersham, Amcrsham; England) 
according to the instructions of the manufacturer. This cD NA 

65 -strand and the two synthesized degenerate "sense" and "anti
scnse" oligonucleotides were used in a polymerase chain 
reaction (PCR, Pertin Elmer Cetus, Norwalk, Conn., USA 
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according to the instructions of the manufacturer) tu synthe
size as a cDNA fragment the base sequence coding for the 
amino acid residues 8-16 (formula IA). The base sequence of 
this cDNA fragment accorded to: 5'-AGGGAGAA
GAGAGATAGTGTGTGTCCC-3' (SEQ ID NO: 16). This 5 

cDNA fragment was used as a probe in order to identify 
according to a known procedure a cDNA clone coding for the 
55 kD TNF-BP in a Xgtl 1-d)NA gene bank from human 
placenta (42. 43). This clone was then cul according to usual 
methods from the X-vectorand cloned in the plasmids pUCI 8 JO 

(Pharmacia, Uppsala, Sweden) and pUC 19 (Pharmacia, Upp
sala, Sweden) and in the M 13 mp 18/M 13 mp 19 bacterioph
age (Pharmacia, Uppsala, Sweden) (42, 43). The nucleotide 
sequence of this cDNA clone was determined using a Seque
nase kit (U.S. Biochemical, Cleveland, Ohio, USA) accord- 15 

ing to the details of the manufacturer. The nucleotide 
sequence and the amino acid sequence derived therefrom for 
the 55 kD TNF-BP and its signal peptide (amino acid "-28" 
to amino acid "0") is given in FIG. 1 using the abbreviations 
for bases such as amino acids usual in the state of the art. From 20 

sequence comparisons with other already known receptor 
protein sequences there can be determined a N-terminal 
domain containing approximately 180 amino acids and a 
C-lerminal domain containing 220 amino acids which are 
separated from one another by a transmembrane region of 19 25 
amino acids (underlined in FIG. 1) which is typical according 
to the sequence comparisons. Hypothetical glycosylation 
sites are characterized in FIG. 1 by asterisks above the corre
sponding amino acid. 

Essentially analogous techniques were used to identify 30 

75/65 kDTNF-BP-coding partial cDNAsequences, whereby 
however, in this case genomic human DNA and completely 
degenerated 14-mer and 15-mer "sense" and "antisense" oli
gonucleotides derived from peptide HA were used in order to 
produce a primary 26 by cDNA probe in a polymerase chain 35 

reaction. This cDNA probe was then used in a HL-60 cDNA 
library to identify cDNA clones of different lengths. This 
cDNA library was produced using isolated HL60 RNA and a 
cDNA cloning kit (Amersham) according to the details of the 
manufacturer. The sequence of such a cDNA clone is given in 40 

FIG. 4, whereby repeated sequencing lead to the following 
co1Tecti on. A threonine coded by "ACC" not "TCC", has to be 
at position 3 instead of the serine. 

18 
contains the replication origin of the SV 40 vims and a frag
ment from p8R322 which confers E. coli-bacteria ampicillin 
resistance and permits the replication of the plasmid in E. roli. 

For the construction of the expression vector "pN I 23", this 
plasmid "pN 11 ·• was cleaved the restriction endo-nuclease 
Pvull and subsequently treated with alkaline phosphatase. 
The dephosphorylated vector was thereafter isolated from an 
agarose gel (VI). The 5'-projecting nucleotides of the EcoRI
cleaved 1.3 kb fragment of the 55 kD TNF-IW-cDNA (see 
Example 8) were filled in using Kienow enzyme. Subse
quently, this fragment was isolated from an agarose gel (Fl). 
Thereafter, VJ and Fl were joined together using T4-ligase. 
E. coli HB l O l cells were then transformed with this ligation 
batch according to known methods [42]. By means of restric
tion analyses and DNA sequencing according to known meth
ods [421 there were identified transformants which had been 
transformed with a plasmid and which contained the 1.3 kb 
EcoRI fragment of the 55 kD TNF-BP-cDNA in the correct 
orientation for expression via the HCMV-prornoter. This vec
tor received the designation "pN123". 

The following procedure was used for the construction of 
the vector "p KI 9". A DNA fragment which contained on! y 
the cDNA coding for the extracellular part of tfle 55 kD 
TNF-BP (amino acids -28 to 182 according to FIG. 1) was 
obtained by PCR technology (Saiki et al., Science 230, I 350-
1354, 1985, see also fa.ample 8). The following oligonucle-
otides were used in order to amplify the cDNA from "pNl 23" 
coding for the extracellular patt of the 55 kD TNF-BP: 

BAMHI 5'-CACAGGGATCCATAGCTGTCTG-
GCATGGGCCTCTCCAC-3' (SEQ ID NO: 19) 
ASP718 

3'-CGTGACTCCTGAGTCCGTGGTGTAT
TATCTCTAGACCA TGGCCC-5' (SEQ m NO: 20) 

By means of these oligonucleotides there were also intro
duced two stop codons of the translation after amino acid 182. 
The thus-amplified DNA fragment was cleaved with BamHI 
and Asp 718, the thereby resulting projecting ends were filled 
in using Kienow enzyme and this fragment was subsequently 
isolated from anagarose gel (F2). F2 was then ligated with Vl 
and the entire batch was used for the transformation of E. coli 
HB 101, as already described. Transformants which had been 
transformed with a plasmid containing the DNA fragment in 
the correct orientation for the expression via the HCMV
promoter were identified by DNA sequencing (see above). 

Example 9 

Expression in COS 1 Cells 

45 The plasmid isolated therefrom received the designation 
"pKl9". 

Vectors starting from the plasmid "pN I I" were con
structed for the expression in COS cells. The plasmid "pN1 l" 
contains the efficient promoter and enhancer of the "major 
immediate-early" gene of human cytomegalovirus 
("HCMV": Boshart et al., Cell 41, 521-530, 1985). After the 
promoter there is situated a short DNA sequence which con
tains several restriction cleavage sites, which are present only 
once in the plasmid ("polylinker"), inter alia the cleavage 
sites for HindHI, Ball, BamHI and PvuII (see sequence). 

PvuH 
5'-AAGCTTGGCCAGGATCCAGCTGACT
GACTGATCGCGAGATC-3' (SEQ ID NO: 17) 
3'-TTCGAACCGGTCCTAGGTCGACTGACT
GACTAGCGCTCTAG-5' (SEQ ID NO: 18) 

After these cleavage sites there are situated three transla
tion stop codons in all three reading frames. After the 
polylinker sequence there is situated the 2nd intron and the 
polyadenylation signal of the preproinsulin gene of the rat 
(Lomedico et al., Cell 18, 545-558, 1979). The plasmid also 

Transfection of the COS cells with the plasmids "pN 123" 
or "pKl9" was carried out according to the Hpofeetion 
method published by Feigner et al. (Proc. Natl. Acad. Sci. 

50 USA 84, 7413-7417, 1987). 72 hours after the transfection 
had been effected the cells transfected with "pN123" were 
analyzed for binding with 1251-TNFa according lo known 
methods. The results of the Scatehard analysis [Scatchard, G., 
Ann. N.Y. Acad. Sci. 51, 660, 19491 of the thus-obtained 

55 binding data (FIG. 2A) is given in FIG. 2B. The culture 
supematants of the cells transfected with "pK 19" were inves
tigated in a "sandwich" test. For this purpose, PVC microtitre 
plates (Dynatech, Arlington, Va., USA) were sensitized with 
100 µI/well or a rabbit-anti-mouse immunoglobulin (IO 

60 µg/ml PBS). Subsequently, the plates were washed and incu
bated (3 hours, 20° C.) with an anti-55 kD TNF-BP antibody 
which had been detected by its antigen binding and isolated 
according to Example 3. but which did not inhibit the TNF
binding to cells. The plates were then again washed and 

65 incubated overnight at 4° C. with l 00 µI/well of the culture 
supernatant (diluted 1 :4 with buffer A containing I% 
skimmed milk powder: 50 mM Tris/HCI pH 7.4, 140 mM 
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NaCl, 5 mM EDTA, 0.02% Na azide). The plates were emp
tied and incubated at 4° C. for 2 hours with buffer A contain
ing mI-TNFa ( l 06 cpm/ml, l00 µI/well) with or without the 
addition of 2 µg/ml of unlabelled TNF. Thereafter, the plates 
were washed 4 times with PBS, the individual wells were cut 
out and measured in a A-counter. The results of 5 parallel 
transfections (columns # 2, 3, 4, 6 and 7), of two control 
transfections 
with the pNl 1 vector (columns# I, 5) and of a control with 
HL60 cell lysate (column# 8) are given in FIG. 3. 

Example 10 

Expression in lnsect Cells 

The plasmid "pVL941" (Luckow and Summers, 1989, 
"High Level Expression of Nonfused Foreign Genes with 
Autographa califomia Nuclear Polyhedrosis virus Expres
sion Vectors", Virology 170, 31-39) was used for the expres
sion in a baculovirus expression system and was modified as 
follows. The single EcoRI restriction cleavage site in 
"p VL94 l" was removed by cleaving the plasmid with EcoRI 
and the projecting 5'-end was filled in wilh Kienow enzyme. 
The plasmid pVL941/E obtained therefrom was digested 
with BamHI and Asp718 and the vector trunk was subse
quently isolated from an agarose gel. This fragment was 
ligated with a synthetic oligonucleotide of the following 
sequence: 

BarnHI EcoRI Asp718 
5'-GATCCAGAATICATAATAG-3' (SEQ ID NO: 21) 
3'-GTCTTAAGTATTATCCATG-5' (SEQ ID NO: 22) 
E. coli HB 101 was transformed with the ligation batch and 

transformants containing a plasmid in which the oligonucle-

20 
expression was effected as already described. The plasmid 
isolated from these transformants received the name 
"pNl19". 

The following procedure was used for the construction of 
5 the transfer vector "pN124". The cDNA fragment coding for 

the extracellular part of the 55 kD TNF-BP, described in 
Example 9, was amplified with the specified oligo-nucle
otidcs with the aid of PCR technology as described in 
Example 9. This fragment was cleaved with BamHI and 

10 Asp718 and isolated from an agarose gel (F4). The plasmid 
"pNR704" was also cleaved with BamHI aodAsp718 and the 
vector trunk (V 4) was isolated (see above). The fragments V 4 
and F4 were ligated, E. coli HB 10 l was transformed there
with and the recombinant transfer vector "pN124" was iden-

15 tified ~md isolated as described. 
The following procedure was used for the transfection 10 

of the insect cells. 3 µg of the transfer vector "pNl 13" were 
transfectcd with I µg of DNA of the Autographa califomica 
nuclear polyhedrosisvirus (AcMNPV) (EP 127839) in Sf9 

20 cells (ATCC CRL 1711 ). Polyhedron-negative viruses were 
identified and purified from "plaques" [52]. Sf9 cells were 
again infected with these recombinant viruses as described in 
[52]. After 3 days in the culture the infected cells were inves
tigated for TNF-binding using 12

' 1-TNFa. For this purpose, 
25 the transfected cells were washed from the cell culture dish 

with a Pasteur pipette and resuspended at a cell density of 
5x106 cells/ml of culture medium [52] which contained 10 
ng/ml of 12'1-TNF-a, not only in the presence of, but also in 
the absence of 5 µg/ml of non-labelled TNF-a and incubated 

30 on lee for 2 hours. Thereafler, the ceJls were washed with pure 
culture medium and the cell-bound radio-activity was 
counted in a y-counter (see Table 2). 

otide had been incorporated conectly were identified by TABLE 2 
restriction analysis and DNA sequencing according to known 35 --------------------
methods (see above); this plasmid was named "pNR 704". For 
the construction of the transfer vector "pNI 13", this plasmid 
"pNR704" was cleaved with EcoRl, treated with alkaline 
phosphalase and the thus- l-produced vector trunk (V2) was 
subsequently isolated from an agarose gel. The l .3 kb frag- 40 

Cells 

Non-infected cells 
(control) 
Infected cells 

Cell-bound rlldioaetMty 
per JO" cells 

60 cpm 

l 600 ± 330 cpm n 

ment of the 55 k.D TNF-BP-cDNA cleaved with EcoRI as --------------------
n Average amhtaudtrd d~vittion from 4 e..:peri1nenls 

above was ligated with fragment V2. Transformants obtained 
with t · ion batch, which contained a plasmid contain-
in insert in the correct orientation for the expres- Example 11 
sion via the polyhedron promoter, were identified (see 45 

above). The vector isolated therefrom received the designa- Analogously to the procedure described in Example 9, the 
tion "pNl 13". cDNA fragment coding for the extracellular region of the 55 

The following procedure was used for the construction of kDa TNF-BP was amplified in a polymerase chain reaction, 
the transfer vector "pNl 19". The 1.3 kb EcoRI/EcoRI frag- but now using the following oligonucleotides as the primer: 
rnent of the 55 kD TNF-BP cDNA in the "pUC19" plasmid so Oligonucleotide l: 
{sec Example 8) wns digested with Banl and ligated with the Sst l 5'-TAC GAG CTC GGC CAT AGC TOT CTG GCA 
following synthetic oligonucleotidc: TG-3' (SEQ ID NO: 25) 

Bani Asp 718 Oli gonucleotide 2: 
5'-GCACCACATAATAGAGATCTGGTACCGGGAA-3' Sst I 5'-.AffA GAG CTC TGT GOT GCC TOA GTC ere 

(SEQ ID NO: 23) 55 AG-3' (SEQ ID NO: 26) 
3'-GTGTATTATCTCTAGACCATGGCCC-5' (SEQ ID This eDNA fragment was ligated in the pCD4-Hy3 vector 

NO: 24) rosM 5523; European Patent Application No. 90107393.2; 
Twostopcodonsofthetranslationafteraminoacid l82and Japanese Patent Application No. 108967/90; U.S. Pat No. 

a cleavage site for the restriction endo-nuclease Asp718 are 51,077,390] from which the CD4-cDNA had been removed 
incorporated with the above adaptor. After ca1Tying out liga- 60 via the Sstl restriction cleavage sites. Sstl cleavage sites are 
tion the batch was digested with EcoRI and Asp718 and the situated in vector pCD4-Hy'.3 not only in front of, but also 
partial 55 kD TNF-BP fragment (F3) was isolated. Further- behind the CD4-partial sequence fragment. The construction 
more, the plasmid "pNR704", likewise cleaved withAsp7 I 8 was transfixed in 1558 myeloma cells (ATCC No. TIB6) by 
and Eco RI, was ligated with F3 and the ligation balch was means of proloplast fusion according to Oi et al (Procd. Natl. 
Lransformed into E. coli HBI 01. The identification of the 65 Acad. Sci. USA 80, 825-829, 1983). Transfectants were 
transformants which contained a plasmid in which the partial gelected by adding 5 µg/ml of mycophenolic acid and 250 
55 kD TNF-BP cDNA had been correctly integrated for the g/ml of xanthin (Tmuneckcret al., Eur. J. Immunol. 16, 851-
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28. K. Hirano, K. Yamamoto, Y. Kobayashi and T. Osawa: J. 
Biochem. !05, 120, 1989 

29. Y. Niitsu, N. Watanabe, H. Sone, H. Neda. N. Yamauchi, 
M. Maeda and l. Urnshizaki: J. Biol. Resp. Modifiers 7, 
276. 1988 

30. L Olsson. A. Grubb, U. Gullberg, M. Lantz, E. Nilsson, C. 
Peetre and H. Thysell: Abstract. 2nd Intern. Conference on 
Tumor Necrosis Factor and Related Cytokincs, Napa, 
Calif., 15.-20. January 1989 

854 [1986]) in basic medium (Dulbecco's modilied Eagle's 
Medium, 10% foetal calf serum, 5x I 0-5 M 2-mercaptoetha
nol). The exprL~ssion product secreted by the transfixed cells 
could be purified using usual methods of protein chemistry, 
e.g. TNF-BP-antibody affinity chromatography. Unless not 5 

already specifically indicated, standard procedures as 
described e.g. by Freshney, R. Lin "Culture of Animal Cells", 
Alan R. Liss, Inc., New York (1983) were used for the culti
vation of the cell lines employed, for the cloning, for the 
selection or for the expansion of the cloned cells. 10 31. H. R. Loetscher and M. Brockhaus: Abstract, 2nd Intern. 
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SEQUENCE LISTING 

<160> NOMBER OF' SEQ ID NOS, 26 

<210> SEQ ID NO 1 
<211> LENGTH; 2111 
<212> TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 1 

gaattcgggg gggttcaaga tcactgggac 

ccctcaactg tcaccccaag gcacttggga 

ccagcactgc cgctgccaca ctgccctgag 

tctggcatgg gcctctccac cgtgcctgac 

ttggtgggaa tatacccctc aggggttatt 

aagagagata gtgtgtgtcc ccaaggaaaa 

tgtaccaagt gccacaaagg aacctacttg 

acggactgca gggagtgtga gagcggctcc 

tgcctcagct gctccaaatg ccgaaaggaa 

gtggaccggg acaccgtgtg tggctgcagg 

aaccttttcc agtgcttcaa ttgcagcctc 

caggagaaac agaacaccgt gtgcacctgc 

tgtgtctcct gtagtaactg taagaaaagc 

attgagaatg ttaagggcac tgaggactca 

ttctttggtc tttgcctttt atccctcctc 

tggaagtcca agctctactc cattgtttgt 

cttgaaggaa ctactactaa gcccctggcc 

ttcaccccca ccctgggctt cagtcccgtg 

tatacccccg gtgactgtcc caactttgcg 

cagggggctg accccatcct tgcgacagcc 

cagaagtggg aggacagcgc ccacaagcca 

ctgtacgccg tggtggagaa cgtgcccccg 

gggctgagcg accacgagat cgatcggctg 

gcgcaataca gcatgctggc gacctggagg 

gagctgctgg gacgcgtgct ccgcgacatg 

gaggcgcttt gcggccccgc cgccctcccg 

gcccctgcgg gcagctctaa ggaccgtcct 

tggaaaggag gggtcctgca ggggcaagca 

ccctcgatgt acatagcttt tctcagctgc 

cgcggagaga ggtgcgccgt gggctcaaga 

acgctatgcc tcatgcccgt tttgggtgtc 

gttcgtccct gagccttttt cacagtgcat 

gttttgtttt taaatcaatc atgttacact 

cctggacaag cacatagcaa gctgaactgt 

caggccgtga tctctatgcc cgagtctcaa 60 

cgtcctggac agaccgagtc ccgggaagcc 120 

cccaaatggg ggagtgagag gccatagctg 180 

ctgctgctgc cgctggtgct cctggagctg 240 

ggactggtcc ctcacctagg ggacagggag 300 

tatatccacc ctcaaaataa ttcgatttgc 360 

tacaatgact gtccaggccc ggggcaggat 420 

ttcaccgctt cagaaaacca cctcagacac 480 

atgggtcagg tggagatctc ttcttgcaca 540 

aagaaccagt accggcatta ttggagtgaa 600 

tgcctcaatg ggaccgtgca cctctcctgc 660 

catgcaggtt tctttctaag agaaaacgag 720 

ctggagtgca cgaagttgtg cctaccccag 780 

ggcaccacag tgctgttgcc cctggtcatt 840 

ttcattggtt taatgtatcg ctaccaacgg 900 

gggaaatcga cacctgaaaa agagggggag 960 

ccaaacccaa gcttcagtcc cactccaggc 1020 

cccagttcca ccttcacctc cagctccacc 1080 

gctccccgca gagaggtggc accaccctat 1140 

ctcgcctccg accccatccc caaccccctt 1200 

cagagcctag acactgatga ccccgcgacg 1260 

ttgcgctgga aggaattcgt gcggcgccta 1320 

gagctgcaga acgggcgctg cctgcgcgag 1380 

cggcgcacgc cgcggcgcga ggccacgctg 1440 

gacctgctgg gctgcctgga ggacatcgag 1500 

cccgcgccca gtcttctcag atgaggctgc 1560 

gcgagatcgc cttccaaccc cacttttttc 1620 

ggagctagca gccgcctact tggtgctaac 1680 

ctgcgcgccg ccgacagtca gcgctgtgcg 1740 

gcctgagtgg gtggtttgcg aggatgaggg 1800 

ctcaccagca aggctgctcg ggggcccctg 1860 

aagcagtttt ttttgttttt gttttgtttt 1920 

aatagaaact tggcactcct gtgccctctg 1980 

cctaaggcag gggcgagcac ggaacaatgg 2040 
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-continued 

ggccttcagc tggagctgtg gacttttgta catacactaa aattctgaag tcaaaaaaaa 2100 

aacccgaatt c 2111 

<210> SEQ ID NO 2 
<211> LENGTH: 455 
<212::,. TYPE: PRT 
<213:> ORGANTSM: Homo sapiens 

<400> SEQUENCE 2 

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu 
1 5 10 15 

Glu Leu Leu Val Gly Ile Tyr Pro Ser Gly Val Ile Gly Leu Val Pro 
20 25 30 

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gln Gly Lys 
35 40 45 

Tyr Ile His Pro Gln Asn Asn Ser Ile Cys Cys Thr Lye Cys His Lys 
50 55 60 

Gly Thr Tyr Leu Tyr Asn Asp Cya Pro Gly Pro Gly Gln Asp Thr Asp 
65 70 75 60 

Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu 
85 90 95 

Arg His Cys Leu Ser Cys Ser Lys Cya Arg Lys Glu Met Gly Gln Val 
100 105 llO 

Glu Ile Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cya Gly Cys Arg 
115 120 125 

Lys Asn Gln Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gln Cys Phe 
130 1]5 140 

Asn Cya Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gln Glu 
145 150 155 160 

Lys Gln Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu 
165 170 175 

Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr 
180 185 190 

Lys Leu Cys Leu Pro Gln Ile Glu Asn Val Lys Gly Thr Glu Asp Ser 
195 200 205 

Gly Thr Thr Val Leu Leu Pro Leu Val Ile Phe Phe Gly Leu Cys Leu 
210 215 220 

Leu Ser Leu Leu Phe Ile Gly Leu Met Tyr Arg Tyr Gln Arg Trp Lys 
225 230 235 240 

Ser Lys Leu Tyr Ser Ile Val Cys Gly Lys Ser Thr Pro Glu Lys Glu 
245 250 255 

Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser 
260 265 270 

Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val 
275 280 285 

Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys 
290 295 300 

Pro A,m Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gln Gly 
30~ 310 315 320 

Ala Asp Pro Ile Leu Ala Thr Ala Leu Ala Ser Asp Pro Ile Pro Asn 
325 330 335 

Pro L,eu Gln Lye Trp Glu Asp Ser Ala His Lys Pro Gln Ser Leu Aap 
340 345 350 

Thr Asp Asp Pro Al a Thi- Leu Tyr Ala Val Val Glu Asn Val Pro Pro 
355 360 365 
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-continued 

Leu Arg Trp Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Aep Hie Glu 
370 375 380 

Ile Asp Arg Leu Glu Leu Gln Asn Gly Arg Cys Leu Arg Glu Ala Gln 
385 390 395 -!.00 

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala 
405 410 4.15 

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly 
420 425 430 

Cys Leu Glu Asp Ile Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro 
<!c35 440 445 

Pro Ala Pro Ser L€1U Leu Arg 
450 455 

<210> SEQ ID NO 3 
<211> LENGTH: 2339 
<212> TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<:400> SEQUENCE: 3 

tcggacaccg tgtgtgactc ctgtgaggac agcacataca cccagctctg gaactgggtt 

cccgagtgct tgagctgtgg ctcccgctgt agct.ctgacc aggtggaaac tcaagcctgc 

actcgggaac agaaccgcat ctgcacctgc aggcccggct ggtactgcgc gctgagcaag 

caggaggggt gccggctgtg cgcgccgctg ccgaagtgcc gcccgggctt cggcgtggcc 

agaccaggaa ctgaaacatc agacgtggtg tgcaagccct gtgccccggg gacgttctcc 

aacacgactt catccacgga tatttgcagg ccccaccaga tctgtaacgt ggtggccatc 

cctgggaatg caagcaggga tgcagtctgc acgtccacgt cccccacccg gagtatggcc 

ccaggggcag tacacttacc ccagccagtg tccacacgat cccaacacac gcagccaagt 

ccagaaccca gcactgctcc aagcacctcc ttcctgctcc caatgggccc cagcccccca 

gctgaaggga gcactggcga cttcgctctt ccagttggac tgattgtggg tgtgacagcc 

ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 

cccttgtgcc tgcagagaga agccaaggtg cctcacttgc ctgccgataa ggcccggggt 

acacagggcc ccgagcagca gcacctgctg atcacagcgc cgagctccag cagcagctcc 

ctggagagct cggccagtgc gttggacaga agggcgccca ctcggaacca gccacaggca 

ccaggcgtgg aggccagtgg ggccggggag gcccgggcca gcaccgggag ctcagcagat 

tcttcccctg gtggccatgg gacccaggtc aatgtcacct gcatcgtgaa cgtctgtagc 

agctctgacc acagctcaca gtgctcctcc caagccagct ccacaatggg agacacagat 

tccagcccct cggagtcccc gaaggacgag caggtcccct tctccaagga ggaatgtgcc 

tttcggtcac agctggagac gccagagacc ctgctgggga gcaccgaaga gaagcccctg 

ccccttggag tgcctgatgc tgggatgaag cccagttaac caggccggtg tgggctgtgt 

cgtagccaag gtggctgagc cctggcagga tgaccctgcg aaggggccct ggtccttcca 

ggcccccacc actaggactc tgaggctctt tctgggccaa gttcctctag tgccctccac 

agccgcagcc tccctctgac ctgcaggcca agagcagagg cagcgagttg tggaaagcct 

ctgctgccat ggcgtgtccc tctcggaagg ctggctgggc atggacgttc ggggcatgct 

ggggcaagtc cctgagtctc tgtgacctgc cccgcccagc tgcacctgcc agcctggctt 

ctggagccct tgggtttttt gtttgtttgt ttgtttgttt gtttgtttct ccccctgggc 

tctgcccagc tctggcttcc agaaaacccc agcatccttt tctgcagagg ggctttctgg 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

96'.0 

1020 

1080 

1140 

1200 

1260 

1320 

1380 

HAO 

1500 

1560 

16.:.0 
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-continued 

agaggaggga tgctgcctga gtcacccatg aagacaggac agtgcttcag cctgaggctg 1680 

agactgcggg atggtcctgg ggctctgtgc agggaggagg tggcagccct gtagggaacg 1740 

gggtccttca agttagctca ggaggcttgg aaagcatcac ctcaggccag gtgcagtggc 1800 

tcacgcctat gatcccagca ctttgggagg ctgaggcggg tggatcacct gaggttagga 1860 

gttcgagacc agcctggcca acatggtaaa accccatctc tactaaaaat acagaaatta 1920 

gccgggcgtg gtggcgggca cctatagtcc cagctactca gaagcctgag gctgggaaat 1980 

cgtttgaacc cgggaagcgg aggttgcagg gagccgagat cacgccactg cactccagcc 2040 

tgggcgacag agcgagagtc tgtctcaaaa gaaaaaaaaa aagcaccgcc tccaaatgct 2100 

aacttgtcct tttgtaccat ggtgtgaaag tcagatgccc agagggccca ggcaggccac 2160 

catattcagt gctgtggcct gggcaagata acgcacttct aactagaaat ctgccaattt 2220 

tttaaaaaag taagtaccac tcaggccaac aagccaacga caaagccaaa ctctgccagc 2280 

cacatccaac cccccacctg ccatttgcac cctccgcctt cactccggtg tgcctgcag 3339 

<210> SEQ ID NO 4 
<211> LENGTH: 392 
<312> TYPE: PRT 
<213> ORGANISM: Homo eapiena 

<400> SEQUENCE: 4 

Ser Asp 1'hr Val Cys Asp Ser Cys Glu Asp Ser Thr Tyr Thr Gln Leu 
1 5 10 15 

Trp Asn Trp Val Pro Glu Cye Leu Ser Cys Gly Ser Arg Cys Ser Ser 
20 25 30 

Asp Gln Val Glu Thr Gln Ala Lys Thr Arg Glu Gln Asn Arg Ile Cys 
35 4 0 45 

Thr Cys Arg Pro Gly Trp Tyr Cys •Ala Leu Ser Lys Gln Glu Gly Cys 
50 55 60 

Arg Leu Cys Ala Pro Leu Pro Lys Cys Arg Pro Gly Phe Gly Val Ala 
65 70 75 so 

Arg Pro Gly Thr Glu Thr Ser Asp Val Val Cys Lye Pro Cys Ala Pro 
85 90 95 

Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr Asp Ile Cys Arg Pro His 
100 105 110 

Gln Ile Cys Asn Val Val Ala Ile Pro Gly Asn Ala Ser Arg Asp Ala 
115 120 125 

Val Cys Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val 
130 135 140 

His Leu Pro Gln Pro Val Ser Thr Arg Ser Gln His Thr Gln Pro Ser 
145 150 155 160 

Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly 
165 170 175 

Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly Asp Phe Ala Leu Pro Val 
180 185 190 

Gly Leu Ile Val Gly Val Thr Ala Leu Gly Leu Leu Ile Ile Gly Val 
195 200 JOS 

Val Aen Cys Val Ile Met Thr Gln Val Lye Lye Lye l?ro Leu Cya Leu 
210 215 220 

Gln Arg Glu Ala Lye Val Pro Hie Leu Pro Ala Aap Lye Ala Arg Gly 
225 230 235 240 

Thr Gln Gly Pro Glu Gln Gln His Leu Leu Ile Thr Ala Pro Ser Ser 
245 250 255 
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-continued 

Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser Ala Leu Asp Arg Arg Ala 
260 165 270 

Pro Tb.r Arg Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser Gly Ala 
275 280 285 

Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser Ala Asp Ser Ser Pro Gly 
290 295 300 

Gly Hill! Gly Thr Gln Val Aen Val Thr Cys Ile val Aan Val Cye Ser 
305 310 315 320 

Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln Ala Ser Ser Thr Met 
325 330 335 

Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro Lys Asp Glu Gln Val 
340 345 350 

Pro Phe Ser LyS Glu Glu Cys Ala Phe Arg Ser Gln Leu Glu Thr Pro 
355 360 365 

Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro Leu Pro Leu Gl.y Val 
370 375 380 

Pro Asp Ala Gly Met Lys Pro Ser 
385 3 90 

<210> SEQ ID NO 5 
<211> LENGTH: 28 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 
<220> F'EATURE: 
<221> NAME/KEY: misc_feature 
<222> LOCATION: (25) •• (25) 
<223> OTHER INFORMATION: Xaa = unknown amino acid 

<400> SEQUENCE: 5 

Leu Val Pro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro 
l 5 10 15 

Gln Gly Lys Tyr Ile His Pro Gln Xaa Asn Ser Ile 
20 25 

<210> SEQ ID NO 6 
<211> LENGTH: 15 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<:220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 

<:400> SEQUENCE: 6 

Ser Thr Pro Glu Lys Glu Gly Glu Leu Glu Gly Thr Thr Thr Lys 
l 5 10 15 

<:210> SEQ ID NO 7 
<211> LENGTH: 18 
<212> TYPE: PRT 
<Jl3> ORGANISM: Artificial sequence 
<220> FEA'l"IJRE: 
<223> OTHBR INFORMATION: Synthetic pept.ide 

<400> SEQUENCE: 7 

Ser Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys 
1 5 10 15 

Pro Leu 

<210> SEQ ID NO 8 
-::211> LENG'rH, 4 

-::21.2> TYPE: PRT 
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<213> ORGANISM: Artificial sequence 
.-:220> FEATURE: 
<223:,. OTHER INFORMAl'ION: Synthetic peptide 

<400> SEQUENCE: B 

Val Phe Cys Thr 
1 

<210> SEQ ID NO 9 
<211> LENGTH: 16 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 9 

US 8,063.182 B 1 

-continued 

Aan Gln Pro Glo Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu Ala 
1 5 10 15 

<210> SRQ ID NO 10 
<211> LENGTH: 18 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<:220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 
<220> FEATURE: 
<221> NAME/KEY: misc ... feature 
<222> LOCATION: (8). (8) 
<223> OTHER INFORMATION: Xaa unknown amino acid 

<400> SEQUENCE: 10 

Leu Pro Ala Gln Val Ala Phe Xaa Pro Tyr Ala Pro Glu Pro Gly Ser 
1 5 10 15 

Thr Cys 

<210> SEQ ID NO 11 
<211> LENGTH: 13 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 
<220> FEATURE: 
<221> NAME/KEY: misc~~feature 
<222> LOCATION: (2) .. (2) 
<223> OTHER INFORMATION: Xaa unknown amino acid 

<400> SEQUENCE: 11 

Ile Xaa Pro Gly Phe Gly Val Ala Tyr Pro Ala Leu Glu 
1 5 10 

<210> SEQ ID NO 12 
<211> LENGTH: 4 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 12 

Leu eye Ala l?ro 
1 

<210> SEQ ID NO 13 
<211> LENGTH: 7 
<212> TYPII:: PRT 
<213> ORGANISM: Artificial sequence 
<220> FRATURE: 
<223> OTHER INFORMATION: Synthetic peptide 

<400> SEQU!i:NCE: 13 
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Val Pro His Leu Pro Ala Asp 
1 5 

.:210> SEQ ID NO 14 
<211> LENGTH: 15 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 
<220> FEATURE: 
<221> NIIME/KEY: miac_feature 

-continued 

<222"> LOCATION: (9) .• (10) 
<223> OTHER INFORMATION: Xaa unknown amino acid 
.:220> l'EAT!JRE: 
<221> NAME/KEY: misc .. feature 
<222> LOCATION: (13) •• (13) 

<223> OTHER INFORMATION: Xaa 

<400> SEQUENCE: 14 

unknown amino acid 

Gly Ser Gln Gly Pro Glu Gln Gln Xaa Xaa Leu Ile Xaa Ala Pro 
1 5 10 15 

<210> SEQ ro· NO 15 
<211> LENGTH: 9 
<212"> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INE'ORMA'l'ION: Synthetic peptide 

<400> SEQUENCE: 15 

Leu Val Pro His Leu Gly Asp Arg Glu 
1 5 

<210> SEQ ID NO 16 
<211> LENGTH: 27 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 16 

agggagaaga gagatagtgt gtgtccc 

<210> SEQ ID NO 17 
<211> LENGTH: 41 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 17 

aagcttggcc aggatccagc tgactgactg atcgcgagat c 

<210> SEQ ID NO 1B 
-<211> LENG'TH: 41 
<212"> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Antisense primer 

<400> SEQUENCE: 18 

gatctcgcga tcagtcagtc agctggatcc tggccaagct t 

<210> SEQ ID NO 19 
<e21l> LENGTH: 36 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 

27 

41 

41 
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<223> OTHER INFORMATION; Synthetic primer 

<400> SEQUENC!i:: 19 

cacagggatc catagctgtc tggcatgggc ctctccac 

<210> SEQ ID NO 20 
<211> LENGTH, 44 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEA'l'URE: 
<223> OTHER INFORMATION: Antisense primer 

<400 > SEQUENCE: :20 

US 8,063,182 BI 

-continued 

cccggtacca gatctctatt atgtggtgcc tgagtcctca gtgc 

<210> SEQ ID NO 21 
<211> LENGTH: 19 
<212> TYP!i:: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 21 

gatccagaat tcataatag 

<210> SEQ ID NO 22 
<211> LENGTH: 19 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION, Antisense primer 

<400> SEQUENCE: 22 

gtacctatta tgaattctg 

<210> SEQ ID NO 23 
<211> LENGTH: 31 
<212> •rYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE, 23 

gcaccacata atagagatct ggtaccggga a 

<210> SEQ ID NO 24 
<211> LENGTH, 25 
<.21:l> TYl?E, DNA 
<213> ORGANISM: Artifkial sequence 
<:.120> FEATURE: 
<223> OTHER INFORMATION: Antisense primer 

<400> SHQUHNCH; 24 

cccggtacca gatctctatt atgtg 

<210> SEQ ID NO 25 
<211> LENGTH: 29 
<212 ► TYPE, DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INE'ORMATION: Synthetic primer 

<400> SEQUENCE: 25 

tacgagctcg gccatagctg tctggcatg 

<210> SEQ ID NO 26 

38 

44 

19 

19 

31 

25 

29 
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-continued 

<211> LENGTH: 29 
<212> TYPB: DNA 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE, 26 

atagagctct gtggtgcctg agtcctcag 

The invention claimed is: 
1. A protein comprising 
(a) a human tumor necrosis factor (TNF)-binding soluble 

15 
fragment of an insoluble human TNF receptor, wherein 
the insoluble human TNF receptor (i) specifically binds 
human TNF, (ii) has an apparent molecular weight of 
aboul 75 kilodaltons on a non-reducing SDS-polyacry
lamlde gel, and (iii) comprises the amino acid sequence 20 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10); and 

(b) all of the domains of the constant region of a human 
immunoglobulin IgG heavy chain other than the first 
domain of said constant region; 
wherein said protein specifically binds human TNF. 25 

2. The protein of claim 1, wherein the soluble fragment 
comprises the peptides LCAP (SEQ ID NO: 12) and VFCT 
(SEQ ID NO: 8). 

3. The protein of claim 2, wherein the soluble fragment 
further comprises the peptide LPAQVAFXPYAPEPGSTC 30 

(SEQ ID NO: 10). 
4. The protein of claim 1. wherein said human immuno

globulin lgG heavy chain is IgG 1• 

5. The protein of claim 4, wherein said domains of the 
35 

constant region of the human immunoglobulin heavy chain 
consist essentially of the immunoglobulin amino acid 
sequence encoded by pCD4-H)'l vector (deposited at Deut
schen Sammlung von Mikroorganismen und Zellkulturen 
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314). 40 

6. A pharmaceutical composition comprising the protein of 
claim 4 and a phannaceuticaJly acceptable carrier material. 

7. The protein of claim 1, wherein the protein is purified. 
8. The protein of claim 1, wherein the protein ls produced 

by CHO cells. 45 
9. The protein of claim l, wherein the protein consists of ( a) 

the soluble fragment of the receptor and (b) all of the domains 
of the constant region of the human immunoglobulin lgG 
heavy chain other than the first domain of the constant region. 

10. The protein of claim 1, wherein said domains of the so 
constant region of the human immunoglobulin heavy chain 
consist essentially of the immunoglobulin amino acid 
sequence encoded by pCD4-H-yl vector (deposited at Deut
schen Sammlung von Mik.:roorganismen and Zellkulturen 
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314) 55 

or by pCD4-Hy3 vector (deposited al Deutschen Sammlung 
von Mik:roorganismen und Zellkulturen GmbH (DSM) in 
Braunschweig, FRO under No. DSM 5523). 

11. The protein of claim 1, wherein the protein consists 60 
essentially of the extracellular region of the insoluble human 
TNF receptor and all the domains of the constant region of a 
human lgG 1 i mmunoglobulin heavy chain other than the first 
domain of the constant region. 

12. A pharmaceutical composition comprising the prolein 65 

of claim 11 and a pharmaceulically acceptable carrier mate• 
rial. 

29 

13. A protein comprising 
(a) a human tumor necrosis factor (TNF)-binding soluble 

fragment of an insoluble human TNF receptor, wherein 
the insoluble human TNF receptor (i) specifically binds 
human TNF, (ii) has an apparent molecular weight of 
about 75 kilodallons on a non-reducing SDS-polyacry
lamide gel, and (iii) comprises the amino acid sequences 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), LCAP 
(SEQ ID NO: 12), VFCT (SEQ ID NO: 8), 
NQPQAPGVEASGAGEA (SEQ ID NO: 9) and VPHL
PAD (SEQ ID NO: 13), 
wherein the soluble fragment comprises the peptides 

LCAP (SEQ ID NO: 12) and VR.:T (SEQ ID NO: 8); 
and 

(b) all of the domains of the constant region of a human 
lgG I heavy chain other than the first domain of the 
constant region; 
wherein said protein specifically binds human TNE 

14. The protein of claim 13, wherein the protein is purified. 
15. The protein of claim 13, wherein the protein is pro

duced by CHO cells. 
16. The prolein of claim 13, wherein the protein consists of 

(a) the soluble fragment of the receptor and (b) all of the 
domains of the constant region of the human lgG I heavy 
chain other than the first domain of the constant region. 

17. The protein of claim 13, wherein the soluble fragment 
further comprises the peptide LPAQV AFXPYAPEPGSTC 
(SEQ ID NO: 10). 

18. A protein encoded by a polynucJcotide which com
prises two nucleic acid subsequences, 

(a) one of said subsequences encoding a human TNF
binding soluble fragment of an insoluble human TNF 
receptor protein having an apparent molecular weight of 
about 75 ldlodaltons on a non-reducing SDS-polyacry
lamide gel, said soluble fragment comprising the amino 
acid sequence LPAQVAFXPYAPEPGSTC (SEQ ID 
NO: 10), and 

(b) the other of said subsequences encoding all of the 
domains of the constant region of the heavy chain of a 
human IgG immunoglobulin other than the first domain 
of said constant region, 

wherein said protein specifically binds human TNE 
19. The protein of claim HI, wherein the soluble fragment 

comprises the peptides LCAP (SEQ ID NO: 12) and VFCT 
(SEQ ID NO: 8). 

20. The protein of any one of claim 18 or l 9, wherein said 
human immunoglobulin heavy chain is lgG 1• 

21. The protein of claim 20, wherein said domains of the 
constant region of the human immunoglobulin heavy chain 
consist essentially of the immunoglobulin amino acid 
sequence encoded by the DNA insert of pCD4-Hyl vector 
(deposited at Deutschen Sammlung von Mikroorganismen 
und Zellkulturen GmbH (DSM) in Braunschweig, FRO 
under No. DSM 5314). 
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22. The protein of claim 18. wherein the protein is purified. 
23. The protein of claim 18. wherein the protein is pro

duced by CHO cells. 
24. The protein of claim 18, wherein the protein consists of 

(a) the soluble fragment of the receptor and (b) all of the 5 

domains of the constant region of the human IgG heavy 
chain other than the first domain of the constant regi~n. 

25. The protein of claim 18. wherein said domains of the 
C<instant region of the human immunoglobulin heavy chain 
consist essentially of the immunoglobulin amino acid IO 

sequence encoded by pCD4-Hyl vector (deposited at Deut
schen Sammlung von Mikroorganismen und Zcllkulturen 
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314) 
or by pCD4-Hy3 vector (deposited at Oeutschen Sammlung 
von Mikroorganismen und Zellkulturen GmbH (DSM) in 15 

Braunschweig, FRG under No. DSM 5523). 
26. A protein consisting of 
(a) a human tumor necrosis factor (TNF)-binding soluble 

fragment of an insoluble human TNF receptor, wherein 
the insoluble human TNF receptor (i) specifically binds 20 

human TNF, and (ii) has an apparent molecular weight 
of about 75 kilodaltons on a non-reducing SDS-poly
acrylamide gel and (iii) comprises the amino acid 
sequence LPAQVAFXPYAPEPGSTC (SEQ ID NO: 
10), 25 

wherein the soluble fragment comprises the peptides 
LCAP (SEQ ID NO: 12) and VFCT (SEQ ID NO:8), and 

(b) all of the domains of the constant region of a human 
IgG, heavy chain other than the first domain of the 
constant region, 30 

wherein the protein specifically binds human TNF. and 
wherein the protein is produced by CHO cells. 
27. The protein of claim 26, wherein the soluble fragment 

comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID 
NO: 10). 

42 
28. The protein of claim 26, wherein the protein is puri 11ed. 
29, A p~arn:i11ceutical composition comprising the protein 

of any ol claim 1, 18. 26, or 27 and a pharmaceutically 
acceptable carrier material. 

30. A protein comprising 
(a) human tumor necrosis factor (fNF) binding soluble 

fragment of the amino acid sequence encoded by the 
cD NA insert of the plasmid deposited with the ATCC on 
Oct. 17, 2006 under accession number PTA 7942, 

(b) all of the domains of the constant region of a human 
immunoglobulin JgG heavy chain other than the first 
domain of said constant region; 

wherein said prolein gpecifically binds human TNF. 
31. The protein of claim 30, consisting of the soluble frag

ment and all the domains of the constant region ofthe human 
immunoglobulin IgG heavy chain other than the first domain 
of said constant region. 

32. The protein of claim 30. wherein the protein is 
expressed by a mammalian host cell. 

33. The protein of claim 32, wherein the mammalian host 
cell is a CHO cell. 

34. The protein of claim 32, consisting of the soluble frag
ment and all the domains of the constant region of the human 
immunoglobulin lgG heavy chain other than the first domain 
of said constant region. 

35. The protein of claim 30, wherein the protein consists 
essentially of the extracellular region of the human tumor 
necrosis factor (TNF) receptor amino acid sequence encoded 
by the cDNA insert, and all the domains of the constant region 
of a human lgG 1 immunoglobulin heavy chain other than the 
first domain of the constant region. 

36. A pharmaceutical composition comprising the protein 
of claim 35 and a pharmaceutically acceptable canicr mate
rial. 

* * * * * 
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The Director of the United States 
Patent and Trademark Office 

Has received an application for a patent for 
a new and useful invention. The title and 
description of the invention are enclosed. 
The requirements of law have been com
plied with, and it has been determined that 
a patent on the invention shall be granted 
under the law. 

Therefore, this 

United States Patent 

Grants to the person(s) having title to this 
patent the right to exclude others from mak
ing, using, offering for sale, or selling the 
invention throughout the United States of 
America or importing the invention into the 
United States of America, and if the inven
tion is a process, of the right to exclude oth
ers from using, offering for sale or selling 
throughout the United States of America, or 
importing into the United States of 
America, products made by that process, 
for the term set forth in 35 US. C. I 54(a)(2) 
or (c)(l), subject to the payment of mainte-
nance fees as provided by 35 US. C. 4 I (b ). 
See the Maintenance Fee Notice on the 
inside of the cover. 

Direclor of the Unired States Patent a11d Ttrldemark Office 
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MAINTENANCE FEE NOTICE 

If the application for this patent was fl led on or after December 12, 1980, maintenance 
fees are due three years and six months, seven years and six months, and eleven years and 
six months after the date of this grant, or within a grace period of six months thereajier 
upon payment of a surcharge as provided ~y law. The amount, number and timing of the 
maintenance fees required may be changed by law or regulation. Unless payment of the 
applicable maintenance fee is received in the United States Patent and Trademark Office 
on or before the date the fee is due or within a grace period qf six months thereafter, the 
patent will expire as of the end of such grace period. 

PATENT TERM NOTICE 

ff the application fbr this patent was filed on or after June 8, 199 5, the term of this 
patent begins on the date on which this patent issues and ends twenty years from the 
.filing date of the application or, if the application contains a specjfic reference to an 
earlier.filed application or applications under 35 USC. 120, 121, or 365{c), twenty 
years from the filing date of the earliest such application ("the twenty-year term"), 
subject to the payment qfmaintenance.fees as provided by 35 USC. 4l(b), and any 
extension as provided by 35 U.S.C. 154(b) or 156 or any disclaimer under 35 USC. 
253. 

If this application was filed prior to June 8, 199 5, the term of this patent begins on the 
date on which this patent issues and end':> on the later of seventeen years.from the date 
of the grant of this patent or the twenty-year term set forth above for patents resulting 
from applications filed on or ajter June 8, 1995, subject to the payment of maintenance 
fees as provided by 35 US.C. 41 (b) and any extension as provided by 35 US.C. 156 or 
any disclaimer under 35 US.C. 253. 
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FIGURE IA 

-185 GAATTCGGGGGGGTTCAAGATCACTGGGACCAGGCCGTGATCTCTATGCCCGAGTCTCAA 
-125 CCCTCAACTGTCACCCCAAGGCACTTGGGACGTCCTGGACAGACCGAGTCCCGGGAAGCC 

-65 CCAGCACTGCCGCTGCCACACTGCCCTGAGCCCAAATGGGGGAGTGAGAGGCCATAGCTG 
-28. 

-30 MetGlyLeuSerThrValProAspLeuLeuLeuProLeuValLeuLeuGluLeu 
-5 TCTGGCATGGGCCTCTCCACCGTGCCTGACCTGCTGCTGCCGCTGGTGCTCCTGGAGCTG 

+l 
-10 LeuValGlyileTyrProSerGlyValileGlyLeuValProHisLeuGlyAspArgGlu 

55 TTGGTGGGAATATACCCCTCAGGGGTTATTGGACTGGTCCCTCACCTAGGGGACAGGGAG 

*** 
10 LysArgAspSerValCysProGlnGlyLysTyrileHisProGlnAsnAsnSerileCys 

115 AAGAGAGATAGTGTGTGTCCCCAAGGAAAATATATCCACCCTCAAAATAATTCGATTTGC 

30 CysThrLysCysHisLysGlyThrTyrLeuTyrAsnAspCysProGlyProGlyGlnAsp 
175 TGTACCAAGTGCCACAAAGGAACCTACTTGTACAATGACTGTCCAGGCCCGGGGCAGGAT 

50 ThrAspCysArgGluCysGluSerGlySerPheThrAlaSerGluAsnHisLeuArgHis 
235 ACGGACTGCAGGGAGTGTGAGAGCGGCTCCTTCACCGCTTCAGAAAACCACCTCAGACAC 

70 CysLeuSerCysSerLysCysArgLysGluMetGlyGlnValGluileSerSerCysThr 
295 TGCCTCAGCTGCTCCAAATGCCGAAAGGAAATGGGTCAGGTGGAGATCTCTTCTTGCACA 

90 ValAspArgAspThrValCysGlyCysArgLysAsnGlnTyrArgHisTyrTrpSerGlu 
355 GTGGACCGGGACACCGTGTGTGGCTGCAGGAAGAACCAGTACCGGCATTATTGGAGTGAA 
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FIGURE lB 

*** *** 
110 AsnLeuPheGlnCysPheAsnCysSerLeuCysLeuAsnGlyThrValHisLeuSerCys 
415 AACCTTTTCCAGTGCTTCAATTGCAGCCTCTGCCTCAATGGGACCGTGCACCTCTCCTGC 

130 GlnGluLysGlnAsnThrValCysThrCysHisAlaGlyPhePheLeuArgGluAsnGlu 
475 CAGGAGAAACAGAACACCGTGTGCACCTGCCATGCAGGTTTCTTTCTAAGAGAAAACGAG 

150 CysValSerCysSerAsnCysLysLysSerLeuGluCysThrLysLeuCysLeuProGln 
535 TGTGTCTCCTGTAGTAACTGTAAGAAAAGCCTGGAGTGCACGAAGTTGTGCCTACCCCAG 

170 IleGluAsnValLysGlyThrGluAspSerGlyThrThrValLeuLeuProLeuValile 
595 ATTGAGAATGTTAAGGGCACTGAGGACTCAGGCACCACAGTGCTGTTGCCCCTGGTCATT 

190 PhePheGlyLeuCysLeuLeuSerLeuLeuPheileGlyLeuMetTyrArgTyrGlnArg 
655 TTCTTTGGTCTTTGCCTTTTATCCCTCCTCTTCATTGGTTTAATGTATCGCTACCAACGG 

210 TrpLysSerLysLeuTyrSerileValCysGlyLysSerThrProGluLysGluGlyGlu 
715 TGGAAGTCCAAGCTCTACTCCATTGTTTGTGGGAAATCGACACCTGAAAAAGACGGGGAG 

*** 
230 LeuGluGlyThrThrThrLysProLeuAlaProAsnProSerPheSerProThrProGly 
775 CTTGAAGGAACTACTACTAAGCCCCTGGCCCCAAACCCAAGCTTCAGTCCCACTCCAGGC 
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FIGURE IC 

250 PheThrProThrLeuGlyPheSerProValProSerSerThrPheThrSerSerSerThr 
835 TTCACCCCCACCCTGGGCTTCAGTCCCGTGCCCAGTTCCACCTTCACCTCCAGCTCCACC 

270 TyrThrProGlyAspCysProAsnPheAlaAlaProArgArgGluValAlaProProTyr 
895 TATACCCCCGGTGACTGTCCCAACTTTGCGGCTCCCCGCAGAGAGGTGGCACCACCCTAT 

290 GlnGlyAlaAspProileLeuAlaThrAlaLeuAlaSerAspProileProAsnProLeu 
955 CAGGGGGCTGACCCCATCCTTGCGACAGCCCTCGCCTCCGACCCCATCCCCAACCCCCTT 

310 GlnLysTrpGluAspSerAlaHisLysProGlnSerLeuAspThrAspAspProAlaThr 
1015 CAGAAGTGGGAGGACAGCGCCCACAAGCCACAGAGCCTAGACACTGATGACCCCGCGACG 

330 LeuTyrAlaValValGluAsnValProProLeuArgTrpLysGluPheValArgArgLeu 
1075 CTGTACGCCGTGGTGGAGAACGTGCCCCCGTTGCGCTGGAAGG.AATTCGTGCGGCGCCTA 

350 GlyLeuSerAspHisGluileAspArgLeuGluLeuGlnAsnGlyArgCysLeuArgGlu 
1135 GGGCTGAGCGACCACGAGATCGATCGGCTGGAGCTGCAGAACGGGCGCTGCCTGCGCGAG 

370 AlaGlnTyrSerMetLeuAlaThrTrpArgArgArgThrProArgArgGluAlaThrLeu 
1195 GCGCAATACAGCATGCTGGCGACCTGGAGGCGGCGCACGCCGCGGCGCGAGGCCACGCTG 

390 GluLeuLeuGlyArgValLeuArgAspMetAspLeuLeuGlyCysLeuGluAspileGlu 
1255 GAGCTGCTGGGACGCGTGCTCCGCGACATGGACCTGCTGG~CTGCCTGGAGGACATCGAG 
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FIGURE 1D 

410 GluAlaLeuCysGlyProAlaAlaLeuProProAlaProSerLeuLeuArg 
1315 GAGGCGCTTTGCGGCCCCGCCGCCCTCCCGCCCGCGCCCAGTCTTCTCAGATGAGGCTGC 
1375 GCCCCTGCGGGCAGCTCTAAGGACCGTCCTGCGAGATCGCCTTCCAACCCCACTTTTTTC 
1435 TGGAAAGGAGGGGTCCTGCAGGGGCAAGCAGGAGCTAGCAGCCGCCTACTTGGTGCTAAC 
1495 CCCTCGATGTACATAGCTTTTCTCAGCTGCCTGCGCGCCGCCGACAGTCAGCGCTGTGCG 
1555 CGCGGAGAGAGGTGCGCCGTGGGCTCAAGAGCCTGAGTGGGTGGTTTGCGAGGATGAGGG 
1615 ACGCTATGCCTCATGCCCGTTTTGGGTGTCCTCACCAGCAAGGCTGCTCGGGGGCCCCTG 
1675 GTTCGTCCCTGAGCCTTTTTCACAGTGCATAAGCAGTTTTTTTTGTTTTTGTTTTGTTTT 
1735 GTTTTGTTTTTAAATCAATCATGTTACACTAATAGAAACTTGGCACTCCTGTGCCCTCTG 
1795 CCTGGACAAGCACATAGCAAGCTGAACTGTCCTAAGGCAGGGGCGAGCACGGAACAATGG 
1855 GGCCTTCAGCTGGAGCTGTGGACTTTTGTACATACACTAAAATTCTGAAGTTAAAAAAAA 
1915 AACCCGAATTC 
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FIGURE4A 

1 SerAspSerValCysAspSerCysGluAspSerThrTyrThrGlnLeuTrpAsnTrpVal 
l TCGGACTCCGTGTGTGACTCCTGTGAGGACAGCACATACACCCAGCTCTGGAACTGGGTT 

21 ProGluCysLeuSerCysGlySerArgCysSerSerAspGlnValGluThrGlnAlaCys 
61 CCCGAGTGCTTGAGCTGTGGCTCCCGCTGTAGCTCTGACCAGGTGGAAACTCAAGCCTGC 

41 ThrArgGluGlnAsnArgileCysThrCysArgProGlyTrpTyrCysAlaLeuSerLys 
121 ACTCGGGAACAGAACCGCATCTGCACCTGCAGGCCCGGCTGGTACTGCGCGCTGAGCAAG 

61 GlnGluGlyCysArgLeuCysAlaProLeuProLysCysArgProGlyPheGlyValAla 
181 CAGGAGGGGTGCCGGCTGTGCGCGCCGCTGCCGAAGTGCCGCCCGGGCTTCGGCGTGGCC 

81 ArgProGlyThrGluThrSerAspValValCysLysProCysAlaProGlyThrPheSer 
241 AGACCAGGAACTGAAACATCAGACGTGGTGTGCAAGCCCTGTGCCCCGGGGACGTTCTCC 

101 AsnThrThrSerSerThrAspileCysArgProHisGlnileCysAsnValValAlaile 
301 AACACGACTTCATCCACGGATATTTGCAGGCCCCACCAGATCTGTAACGTGGTGGCCATC 

121 ProGlyAsnAlaSerArgAspAlaValCysThrSerThrSerProThrArgSerMetAla 
361 CCTGGGAATGCAAGCAGGGATGCAGTCTGCACGTCCACGTCCCCCACCCGGAGTATGGCC 

141 ProGlyAlaValHisLeuProGlnProValSerThrArgSerGlnHisThrGlnProSer 
421 CCAGGGGCAGTACACTTACCCCAGCCAGTGTCCACACGATCGCAACACACGCAGCCAAGT 
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FIGURE4B 

161 ProGluProSerThrAlaProSerThrSerPheLeuLeuProMetGlyProSerProPro 
481 CCAGAACCCAGCACTGCTCCAAGCACCTCCTTCCTGCTCCCAATGGGCCCCAGCCCCCCA 

181 AlaGluGlySerThrGlyAspPheAlaLeuProValGlyLeuileValGlyValThrAla 
541 GCTGAAGGGAGCACTGGCGACTTCGCTCTTCCAGTTGGACTGATTGTGGGTGTGACAGCC 

201 LeuGlyLeuLeuileileGlyValValAsnCysValileMetThrGlnValLysLysLys 
601 TTGGGTCTACTAATAATAGGAGTGGTGAACTGTGTCATCATGACCCAGGTGAAAAAGAAG 

221 ProLeuCysLeuGlnArgGluAlaLysValProHisLeuProAlaAspLysAlaArgGly 
661 CCCTTGTGCCTGCAGAGAGAAGCCAAGGTGCCTCACTTGCCTGCCGATAAGGCCCGGGGT 

241 ThrGlnGlyProGluGlnGlnHisLeuLeuileThrAlaProSerSerSerSerSerSer 
721 ACACAGGGCCCCGAGCAGCAGCACCTGCTGATCACAGCGCCGAGCTCCAGCAGCAGCTCC 

261 LeuGluSerSerAlaSerAlaLeuAspArgArgAlaProThrArgAsnGlnProGlnAla 
781 CTGGAGAGCTCGGCCAGTGCGTTGGACAGAAGGGCGCCCACTCGGAACCAGCCACAGGCA 

281 ProGlyValGluAlaSerGlyAlaGlyGluAlaArgAlaSerThrGlySerSerAlaAsp 
841 CCAGGCGTGGAGGCCAGTGGGGCCGGGGAGGCCCGGGCCAGCACCGGGAGCTCAGCAGAT 

301 SerSerProGlyGlyHisGlyThrGlnValAsnValThrCysileValAsnValCysSer 
901 TCTTCCCCTGGTGGCCATGGGACCCAGGTCAATGTCACCTGCATCGTGAACGTCTGTAGC 
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FIGURE4C 

321 SerSerAspHisSerSerGlnCysSerSerGlnAlaSerSerThrMetGlyAspThrAsp 
961 AGCTCTGACCACAGCTCACAGTGCTCCTCCCAAGCCAGCTCCACAATGGGAGACACAGAT 

341 SerSerProSerGluSerProLysAspGluGlnValProPheSerLysGluGluCysAla 
1021 TCCAGCCCCTCGGAGTCCCCGAAGGACGAGCAGGTCCCCTTCTCCAAGGAGGAATGTGCC 

361 PheArgSerGlnLeuGluThrProGluThrLeuLeuGlySerThrGluGluLysProLeu 
1081 TTTCGGTCACAGCTGGAGACGCCAGAGACCCTGCTGGGGAGCACCGAAGAGAAGCCCCTG 

381 ProLeuGlyValProAspAlaGlyMetLysProSer 
1141 CCCCTTGGAGTGCCTGATGCTGGGATGAAGCCCAGTTAACCAGGCCGGTGTGGGCTGTGT 
1201 CGTAGCCAAGGTGGCTGAGCCCTGGCAGGATGACCCTGCGAAGGGGCCCTGGTCCTTCCA 
1261 GGCCCCCACCACTAGGACTCTGAGGCTCTTTCTGGGCCAAGTTCCTCTAGTGCCCTCCAC 
1321 AGCCGCAGCCTCCCTCTGACCTGCAGGCCAAGAGCAGAGGCAGCGAGTTGTGGAAAGCCT 
1381 CTGCTGCCATGGCGTGTCCCTCTCGGAAGGCTGGCTGGGCATGGACGTTCGGGGCATGCT 
1441 GGGGCAAGTCCCTGAGTCTCTGTGACCTGCCCCGCCCAGCTGCACCTGCCAGCCTGGCTT 
1501 CTGGAGCCCTTGGGTTTTTTGTTTGTTTGTTTGTTTGTTTGTTTGTTTCTCCCCCTGGGC 
1561 TCTGCCCAGCTCTGGCTTCCAGAAAACCCCAGCATCCTTTTCTGCAGAGGGGCTTTCTGG 
1621 AGAGGAGGGATGCTGCCTGAGTCACCCATGAAGACAGGACAGTGCTTCAGCCTGAGGCTG 
1681 AGACTGCGGGATGGTCCTGGGGCTCTGTGCAGGGAGGAGGTGGCAGCCCTGTAGGGAACG 
1741 GGGTCCTTCAAGTTAGCTCAGGAGGCTTGGAAAGCATCACCTCAGGCCAGGTGCAGTGGC 
1801 TCACGCCTATGATCCCAGCACTTTGGGAGGCTGAGGCGGGTGGATCACCTGAGGTTAGGA 
1861 GTTCGAGACCAGCCTGGCCAACATGGTAAAACCCCATCTCTACTAAAAATACAGAAATTA 
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FIGURE4D 

1921 GCCGGGCGTGGTGGCGGGCACCTATAGTCCCAGCTACTCAGAAGCCTGAGGCTGGGAAAT 
1981 CGTTTGAACCCGGGAAGCGGAGGTTGCAGGGAGCCGAGATCACGCCACTGCACTCCAGCC 
2041 TGGGCGACAGAGCGAGAGTCTGTCTCAAAAGAAAAAAAAAAAGCACCGCCTCCAAATGCT 
2101 AACTTGTCCTTTTGTACCATGGTGTGAAAGTCAGATGCCCAGAGGGCCCAGGCAGGCCAC 
2161 CATATTCAGTGCTGTGGCCTGGGCAAGATAACGCACTTCTAACTAGAAATCTGCCAATTT 
2221 TTTAAAAAAGTAAGTACCACTCAGGCCAACAAGCCAACGACAAAGCCAAACTCTGCCAGC 
2281 CACATCCAACCCCCCACCTGCCATTTGCACCCTCCGCCTTCACTCCGGTGTGCCTGCAG 
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FIGURE6A 

l S D T V C D S C E D S T Y T Q L W N W V 
1 tcggacaccgtgtgtgactcctgtgaggacagcacatacacccagctctggaactgggtt 
l 10 20 30 40 50 

21 P E C L S C G S R C S S D Q V E T Q A C 
61 cccgagtgcttgagctgtggctcccgctgtagctctgaccaggtggaaactcaagcctgc 
61 70 80 90 100 110 

41 T R E Q N R I C T C R P G W Y C A L S K 
121 actcgggaacagaaccgcatctgcacctgcaggcccggctggtactgcgcgctgagcaag 
121 130 140 150 160 170 

61 Q E G C R L C A P L P K C R P G F G V A 
181 caggaggggtgccggctgtgcgcgccgctgccgaagtgccgcccgggcttcggcgtggcc 
181 190 200 210 220 230 

81 R P G T E T S D V V C K P C A P G T F S 
241 agaccaggaactgaaacatcagacgtggtgtgcaagccctgtgccccggggacgttctcc 
241 250 260 270 280 290 

101 N T T S S T D I C R P H Q I C N V V A I 
301 aacacgacttcatccacggatatttgcaggccccaccagatctgtaacgtggtggccatc 
301 310 320 330 340 350 
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FIGURE6B 

121 P G N A S R D A V C T S T S P T R S M A 
361 cctgggaatgcaagcagggatgcagtctgcacgtccacgtcccccacccggagtatggcc 
361 370 380 390 400 410 

141 P G A V H L P Q P V S T R S Q H T Q P S 
421 ccaggggcagtacacttaccccagccagtgtccacacgatcccaacacacgcagccaagt 
421 430 440 450 460 470 

161 P E P S T A P S T S F L L P M G P S P P 
481 ccagaacccagcactgctccaagcacctccttcctgctcccaatgggccccagcccccca 
481 490 500 510 520 530 

181 A E G S T G D F A L P V G L I V G V T A 
541 gctgaagggagcactggcgacttcgctcttccagttggactgattgtgggtgtgacagcc 
541 550 560 570 580 590 

201 L G L L I I G V V N C V I M T Q V K K K 
601 ttgggtctactaataataggagtggtgaactgtgtcatcatgacccaggtgaaaaagaag 
601 610 620 630 640 650 

221 P L C L Q R E A K V P H L P A D K A R G 
661 cccttgtgcctgcagagagaagccaaggtgcctcacttgcctgccgataaggcccggggt 
661 670 680 690 700 710 
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FIGURE6C 

241 T Q G P E Q Q H L L I T A P S S S S S S 
721 acacagggccccgagcagcagcacctgctgatcacagcgccgagctccagcagcagctcc 
721 730 740 750 760 770 

261 L E S S A S A L D R R A P T R N Q P Q A 
781 ctggagagctcggccagtgcgttggacagaagggcgcccactcggaaccagccacaggca 
781 790 800 810 820 830 

281 P G V E A S G A G E A R A S T G S S A D 
841 ccaggcgtggaggccagtggggccggggaggcccgggccagcaccgggagctcagcagat 
841 850 860 870 880 890 

301 S S P G G H G T Q V N V T C I V N V C S 
901 tcttcccctggtggccatgggacccaggtcaatgtcacctgcatcgtgaacgtctgtagc 
901 910 920 930 940 950 

321 S S D H S S Q C S S Q A S S T M G D T D 
961 agctctgaccacagctcacagtgctcctcccaagccagctccacaatgggagacacagat 
961 970 980 990 1000 1010 

341 S S P S E S P K D E Q V P F S K E E C A 
1021 tccagcccctcggagtccccgaaggacgagcaggtccccttctccaaggaggaatgtgcc 
1021 1030 1040 1050 10~0 1070 
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FIGURE6D 

361 F R S Q L E T P E T L L G S T E E K P L 
1081 tttcggtcacagctggagacgccagagaccctgctggggagcaccgaagagaagcccctg 
1081 1090 1100 1110 1120 1130 

381 P L G V P D A G M K P S 
1141 
1141 
1201 
1201 

ccccttggagtgcctgatgctgggatgaagcccagttaaccaggccggtgtgggctgtgt 
1150 1160 1170 1180 1190 

cgtagccaaggtggctgagccctggcaggatgaccctgcgaaggggccctggtccttcca 
1210 1220 1230 1240 1250 

1261 ggcccccaccactaggactctgaggctctttctgggccaagttcctctagtgccctccac 
1261 1270 1280 1290 1300 1310 
1321 agccgcagcctccctctgacctgcaggccaagagcagaggcagcgagttgtggaaagcct 
1321 1330 1340 1350 1360 1370 
1381 ctgctgccatggcgtgtccctctcggaaggctggctgggcatggacgttcggggcatgct 
1381 1390 1400 1410 1420 1430 
1441 ggggcaagtccctgagtctctgtgacctgccccgcccagctgcacctgccagcctggctt 
1441 1450 1460 1470 1480 1490 
1501 ctggagcccttgggttttttgtttgtttgtttgtttgtttgtttgtttctccccctgggc 
1501 1510 1520 1530 1540 1550 
1561 tctgcccagctctggcttccagaaaaccccagcatccttttctgcagaggggctttctgg 
1561 1570 1580 1590 1600 1610 
1621 agaggagggatgctgcctgagtcacccatgaagacaggacagtgcttcagcctgaggctg 
1621 1630 1640 1650 1660 1670 
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1681 
1681 
1741 
1741 
1801 
1801 
1861 
1861 
1921 
1921 
1981 
1981 
2041 
2041 
2101 
2101 
2161 
2161 
2221 
2221 

FIGURE6E 

agactgcgggatggtcctggggctctgtgcagggaggaggtggcagccctgtagggaacg 
1690 1700 1710 1720 1730 

gggtccttcaagttagctcaggaggcttggaaagcatcacctcaggccaggtgcagtggc 
1750 1760 1770 1780 1790 

tcacgcctatgatcccagcactttgggaggctgaggcgggtggatcacctgaggttagga 
1810 1820 1830 1840 1850 

gttcgagaccagcctggccaacatggtaaaaccccatctctactaaaaatacagaaatta 
1870 1880 1890 1900 1910 

gccgggcgtggtggcgggcacctatagtcccagctactcagaagcctgaggctgggaaat 
1930 1940 1950 1960 1970 

cgtttgaacccgggaagcggaggttgcagggagccgagatcacgccactgcactccagcc 
1990 2000 2010 2020 2030 

tgggcgacagagcgagagtctgtctcaaaagaaaaaaaaaaagcaccgcctccaaatgct 
2050 2060 2070 2080 2090 

aacttgtccttttgtaccatggtgtgaaagtcagatgcccagagggcccaggcaggccac 
2110 2120 2130 2140 2150 

catattcagtgctgtggcctgggcaagataacgcacttctaactagaaatctgccaattt 
2170 2180 2190 2200 2210 

tttaaaaaagtaagtaccactcaggccaacaagccaacgacaaagccaaactctgccagc 
2230 2240 2250 2260 2270 

2281 cacatccaaccccccacctgccatttgcaccctccgccttcactccggtgtgcctgcag 
2281 2290 2300 2310 2320 2330 
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HUMAN TNF RECEPTOR 
2 

as an anligen preparation for the production of monoclonal 
antibodies against TNF-BP. Using such an immobilized anti
body (immune affinity chromatography) Loetscher and 
Brockhaus obtained an enriched preparation ofTNF-BP f3 I] 

This is a division of application Ser. No. 08/095,640, filed 
Jul. 21, 1993; now U.S. Pat. No. 5,610,279, which is a con
tinuation application of Ser. No. 07/580,013, filed Sep. 10, 
1990, now abandoned. This application claims priority under 
35 lJ.S.C. § 119 to application Ser. Nos. 3319/89, 746/90 and 
1347/90, tiled on Sep. 12, 1989, Mar. 8, 1990 and Apr. 20, 
1990, respectively, all in Switzerland. This application also 
claims priority under 35 U.S.C. § 119 to European Patent 
Application Number 90116707.2 (now Patent Number EP 
0417563), filed Aug. 31, 1990. 

5 from an extract of human placenta using TNFa-ligand affin
ity chromatography and HPLC, which gave a strong broad 
band at 35 kD, a weak band at about 40 kD and a very weak 
band in the region between 55 kD and 60 kD on SDS-PAGE 
analysis. Moreover, the gel showed a protein background 

lO smear in the region of 33 kD to 40 kD. The significance of 
these prolein bands was, however, not clear due to the hetero
genicity of the starting material which was used (placenta 
tissue; combined material from several placentas). In the state BACKGROUND OF THE INVENTION 

Tumor necrosis factor a (TNFa, also cacheclin), discov
ered as a result of its haemorragic-necrotizing activity on 
certain tumors, and lymphotoxin (TNF~) are two closely 
related peptide factors [3] from the class of lymphokines/ 
cytokines which are both referred to hereinafter as TNF [see 
references 2 and 3]. TNF possesses a broad cellular spectrum 

15 of the art TNF-BP have already been characterized by a 
N-terminal partial sequence [European Patent Application, 
Publication No, 308 378 J, whereby this sequence differs from 
the N-terminal partial sequence according to formula (IA) in 
accordance with the invention. Moreover, the TNF-binding 

20 proteins described in the state of the arl are soluble, Le. 
non-membrane bound, TNF-BP and not membrane-bound, 
i.e. insoluble, TNF-BP isolated from urine. of activily. For ex.ample, TNF has inhibitory or cytotoxic 

activity on a series of tumor cell lines [2, 3], stimulates the 
proliferation of fibroblasts and the phagocytic/cytotoxic 
activity of myeloic cells [4, 5, 6], induces adhesion molecules 25 

in endothelial cells or exerts an inhibitory activity on the 
endothelium 17, 8, 9, IO), inhibits the synthesis of specific 
enzymes in adipocytes [l l] and induces the expression of 
histocompatibility antigens [ 121. Many of these TNF activi
ties are produced via induction of other factors or by syner- 30 
gistic effects with other factors such as interferons or inter
leukins [13-16]. 

TNF is involved in pathological conditions such as shock 
states in meningococeal sepsis [17], the development of 
autoimmune glomerulonephritis in mice 118] and cerebral 35 
malaria in mice [19] and human beings 141]. The toxic effects 
of endotoxin appear to be mediated by TNF L20J. Further
more, TNF can trigger interleukin-I fever [39]. On the basis 
of its pleiotropic functional properties, TNF in interaction 
with other cytokines is involved in additional pathological 40 
conditions as a mediator of immune response, inflammation, 
and other processes. 

These biological effects are mediated by TNF via specific 
receptors. According to present knowledge not only TNFa, 
but also TNF~ bind to the same receptors [21]. Different cell 45 
types differ in their number of TNF receptors [22, 23, 24]. 
Generally known TNF-hinding proteins (TNF-BP) have been 
detected by covalent bonding to radioactively labelled TNF 
[24-29], and the following apparent molecular weights of the 
TNFrTNF-BP complexes obtained have been determined to 50 

be: 95/l00kD and 75kD [24], 95 kDand 75 kD [25], 138 kD, 
90 kD, 75 kD and 54 kD [26], 100±5 kD [27], 97 kD and 70 
kD [28] and 145 kD [29). One such TNF/TNF-BP complex 
was isolated by anti-TNF-antibody immune affinity chroma
tography and preparative SDS-polyacrylamide gel electro- 55 
phoreses (SDS-PAGE) [27]. The reductive cleavage of this 
complex and subsequent SOS-PAGE analysis gave several 
bands which were not tested for TNF-binding activity. Since 
the speci fie conditions which must be used for the cleavage of 
the complex lead to inactivation of the binding protein [31], 60 
the latter has also not been possible. The separation of soluble 
TNF-BP from human scmm or urine by ion exchange chro• 
matography and gel filtration (molecular weight in the region 
of 50 k:D) was described by Olsson et al. (30]. 

Brockhaus et al. [32] obtained an enriched TNF-BP prepa- 65 
ration from membrane extracts of HL60 cells by TN Fa-ligand 
affinity chromatography and HPLC which, in turn, was used 

SUMMARY OF THE INVENTION 

This invention comprises insoluble, homogenous proteins 
or soluble or insoluble fragments thereof, capable of binding 
tumor ne,:.,Tosis faclor-(TNF). 

This invention also comprises TNF-binding proteins con
taining amino acid sequences of FIG. 1 or FIG. 4, proteins 
containing fragments of these sequences, and proteins anala
gous to the sequences of FIG. 1 or FIG. 4 or to fragments 
thereof. 

This invention further comprises DNA sequences encod
ing the proteins described above, proteins encoded by these 
sequences, and antibodies to any of these proteins. 

Tilis invention comprises DNA sequences which combine 
two partial DNA sequences, one sequence encoding soluble 
fragments of TNF binding proteins and the other partial 
sequence encoding all domains except the first domain of the 
constant region of the heavy chain of human immunoglobulin 
IgG, IgA, IgM, or lgE, and the recombinant proteins encoded 
by these sequences. 

This invention additionally comprises vectors containing 
the above DNA sequences, and host systems transfocted with 
such vectors. 

This invention finally comprises a process for the isolation 
of an insoluble homogenous protein capable of binding TNF. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. lA-10. Nucleotide sequence (SEQ ID NO: 1) and 
deduced amino acid sequence (SEQ ID NO: 2) for cDNA 
clone derived from 55 kD TNF-BP. The l 9 amino acid trans
membrane region is underlined. Hypothetical glycosylation 
sites are identi fled by asterisks. 

FIG. 2. Binding analysis of COS cells transfected with 
plasmid pN123. Panel 2A-binding of transfected cells to 
1251-TNFa. Panel 28-Scatchard plot of binding data. 

FIG. 3. Sandwich assays of cells transfeeted with plasmid 
pKI 9. Culture supematants of cells transfocted with pKl 9 
were incul;lated wilh anti-55 kD TNF-BP antibody followed 
by mf.TNFa. Columns 1, 5, and 8 are controls. Columns 2, 
3, 4, 5, and 6 are five parallel transfections. 

FIG. 4A-4D. Nucleotide sequence (SEQ ID NO: 28) and 
deduced amino acid sequence (SEQ ID NO: 29) for cDNA 
clones derived from 75/65 kl) TNF-BP. 
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using the sequence described above and an amino acid syn
thesizer, or manual synthesis using chemical conditions well 
known to form peptide bonds between selected amino acids. 
Analogues and fragments of TNF-binding proteins may be 

FIG. 5. Deduced amino acid sequence (SEQ ID NO: 27) for 
a 75/65 kD TNF-BP cDNA clone described in Smith et al., 
Science 248, 1019-1023, (1990). The leader region is singly 
underlined, the transmembrane domain is shown box.ed, and 
potential N-linked glycosylalion sites are doubly underlined. 

FIGS. 6A-6E: Corrected nucleotide sequence (SEQ m 
NO: 3) and deduced amino acid sequence (SEQ ID NO: 4) of 
FIG. 4 after repeated sequencing, showing a threonine coded 
by "ACC" at position 3 instead of a serine coded by "TCC". 

5 produced by the above methods. In the case of analogues, the 
proteins may be chemically modified, or modified by genetic 
engineering as described above. These fragments and ana
logues may then be tested for TNF-binding activity using 

IO 

DETAILED DESCRIPTION OF THE INVENTION 

methods such as the assay of Example 1. 
Finally, monoclonal antibodies directed against TNF-bind

ing proteins, such as the antibodies described in Example 3, 
may be produced by known techniques, and used to isolate 
TNF-binding proteins. 

In more detail, the proteins of the present invention are 
The TNF-binding proteins of the present invention are 

homogenous, insoluble proteins and soluble or insoluble 
fragments of such proteins which are capable ofbindingTNF. 
These proteins have the ability to bind TNF as measured by 
standard assays. 

The TNF-binding proteins of the present invention include 
homogenous proteins containing the amino acid sequence 
depicted in FIG. l (SEQ ID NO: 2) or in FIG. 4 (SEQ ID NO: 
4), proteins containing fragments of either sequence, and 
analogues of any such proteins for example proteins contain-

15 non-soluble proteins, i.e. for example membrane proteins or 
so-called receptors, and soluble or non-soluble fragments 
thereof, which bind TNF (TNF-BP), in homogeneous form, 
as well as their physiologically compatible salts. Prefcffed 
proteins are those which according to SOS-PAGE under non-

ing amino acid sequences analogous to the amino acid 
sequences of FIG. 1 (SEQ ID NO: 2) or FIG. 4 (SEQ ID NO: 
4) or to fragments thereof. An analogue is a protein in which 
one or more amino acids of the sequences depicted in FIG. 1 
(SEQ ID NO: 2) or in flG. 4 (SEQ ID NO: 4) have had their 
side-groups chemically modified in a known manner, or those 

20 reducing conditions are characterized by apparent molecular 
weights ofabout55 kD, 51 kD, 38 kD, 36kD and 34kD or75 
kD and 65 kD, especially those with about 55 kD and 75 kD. 
Furthermore, there are preferred those proteins which are 
characterized by containing at least one of the following 

25 amino acid partial sequences: 
(IA) Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-X-Asn
Ser-Ue (SEQ ID NO: 5) 
(18) Scr-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-in which one or more amino acids have been replaced or 

deleted, wiihout thereby eliminating TNF-binding ability. 
Such analogues may be produced by known methods of pep
tide chemistry, or by known methods of recombinant DNA 
technology, such as planned mutagenesis. 

30 Thr-Thr-Lys (SEQ ID NO: 6) 
(IIA) Ser-Gln-Leu-Glu-Thr-Pro-Glu-lbr-Leu-Leu-Gly-Ser
Thr-Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7) 
(HB) Val-Phe-Cys-Thr (SEQ ID NO: 8) 
(I IC) Asn-Gln-Pro-G In-Al a-Pro-Gly-Val-Glu-Ala-Ser-Gly-The TNF binding activity of the proteins of the present 

invention may be determined using the assay described in 
Example l. 

35 Ala-Gly-Glu-Ala (SEQ ID NO: 9) 

TNF-binding proteins of this invention are obtained as 
follows: 

(IID) Leu-pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-
Glu-Pro-Gly-Ser-Thr-Cys (SEQ ID NO: 9) 
(IIE) Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 
(SEQ ID NO: 11) 

40 (IIF) Leu-Cys-Ala-Pro (SEQ ID NO: 12) 
TNF binding proteins may he isolated from tissues and 

purified to homogeneity, or isolated from cells which contain 
membrane-bound TNF binding protein, and purified to 
homogeneity. One possible method for growing cells and 
isolating cell extract is described in Example 2, however, 
other cells types and other growth and isolation methods are 
well known in the art. Purification of TNF-binding proteins 45 

from cell extracts may be performed using the methods 
described in Examples 4, 5, and 6 in combination with the 
assay described in Example L TNF-binding proteins isolated 
and purified by these methods were sequenced by well
known methods, as described in Example 7. From these 50 

amino acid sequences, DNA probes were produced and used 
to obtain mRNA encoding TNF binding proteins from which 
cDNA was made, all by known methods described in 
Examples 8 and 11. Other well-known methods for producing 
cDNA are known in the art and may effectively be used. In 55 

general, any TNF-binding protein can be isolated from any 
cell or tissue expressing such proteins using a cDNA probe 
such as the probe described above, isolating mRNA and tran
scribing the mRNA into c DNA. Thereafter, the protein can be 
produced by inserting Lhe cDNA into an expression vector as 60 
described in Example 9, such as a virus, plasmid, cosrrrid, or 
other vector, inserting lhe e,cpression vector into a cell, such 
as the COS cell described in Example 9 or the insect cell 
described in Example I 0, proliferating the resulting cells, and 
isolating the expressed TNP-binding protein from the 65 

medium or from cell extract as described above. Alterna
tively, TNF-hinding proteins may be chemically synthesized 

(IIG) Val-Pro-His-Leu-Pro-Ala-Asp (SEQ ID NO: 13) 
(UH) Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-lle-X
Ala-Pro (SEQ ID NO: 14) 

in which X stands for an amino acid residue which could 
not be unequivocally determined. 

A process for the isolation of the TNF-BP in accordance 
with the invention is also an object of the present invention. 
This process comprises carrying out essentially the following 
purification steps in sequence: production of a cell or tissue 
extract, immune aflh1ity chromatography and/or single or 
multiple ligand affinity chromatography, high resolution liq-
uid chromatography (HPLC) and preparative SDS-polyacry
lamide gel electrophoresis (SOS-PAGE). The combination of 
the individual purification steps, which are known from the 
state of the art, is essential to the success of the process in 
accordance with the invention, whereby individual steps have 
been modified and improved having regard to the problem to 
be solved. Thus, for example, the original combined immune 
affinity chromatography/TNFa-ligand affinity chromatogra
phy step originally used for the enrichment ofTNF-BP from 
human placenta [31] has been altered by using a BSA-
Seph.u·ose 4B pre-column. For the application of the cell or 
membrane extract, this pre-column was connected in series 
with the immune affinity column followed by the ligand affin
ity column. After the application of the extract the two afore
mentioned columns were coupled, each eluted and the TNF-
BP-active fractions were purified again via a ligand affinily 
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column. The use of a detergent-containing solvent mixture for 
the pe1formaoce of lhc reversed-phase H PLC step is essential 
to the invention. 

6 
American Type Culture Collection, 12301 Parklawn D1ivc, 
Rockville, Md. 20852, under Accession No. PTA 7942) as 
well as soluble fractions ofTNF-binding proteins having an 

Futther, an industrial process for the production of high cell 
densities of mammalian cells from which TNF-BP can be 5 
isolated is also an object of the present invention. Such a 
process comprises using a medium, which has been devel
oped for the specific growth requirements of the cell l inc used, 

apparent molecular weight of 65 kDn5 kD are also preferred. 
DNA sequences for such soluble fragments can be deter
mined on the basis of the amino acid sequences derived from 
the nucleic acid sequences coding for such non-soluble TNF
BP, 

in combination with a perfusion apparatus as described e.g. in 
detail in Example 2. By means of such a process there can be Io 
produced. for example, in the case of HL-60 cells up to more 
than 20-fold higher cell densities than usual. 

The invention is also concerned with DNA sequences 
which comprise a combination of two partial DNA 
sequences, with one of the partial sequences coding for those 
soluble fragments of non-soluble proteins which bind 1NF 
(see above) and the other parLial sequence coding for all 
domains other than the first domain of the constant region of 

In addition thereto, the present invention is also concerned 
with DNA sequences coding for proteins and soluble or non
soluble fragments thereof, which hind TNF. Thereunder there 15 

are to be understood, for example, DNA sequences coding for 
non-soluble proteins or soluble as well as non-soluble frag
ments lhereof, which bind 1NF, such DNA sequences being 
selected from the following: 

the heavy chain of human immunoglobulins such as I gG, lg A, 
IgM or lgE, in particular lgG I or IgG3 subtypes. 

The present invention is also concerned with the recombi-
nant proteins coded by any of DNA sequences described 
above. Of course, there are thereby also included such pro
teins in whose amino acid sequences amino acids have been 
exchanged, for example by planned mutagenesis, so that the 

(a) DNA sequences as given FIG. 1 or FIG. 4 as well as their 20 

complementary strands, or those which include these 
sequences; 
(b) DNA sequences which hybridize with sequences defined 
under (a) or fragments thereof; 
(c) DNA sequences which, because of the degeneracy of the 
genetic code, do not hybridize with sequences as defined 
under (a) and (b), but which code for polypeptides having 
exactly the same amino acid sequence. 

That is to say, the present invention embraces not only 
allelic variams, but also those DNA sequences which result 
from deletions, substitutions and additions from one or more 
nucleotides of the sequences given in FIG, 1 or FIG. 4, 
whereby in the case of the proteins coded thereby there come 
into consideration, just as before, 1NF-BP. One sequence 
which results from such a deletion is described, for example, 
in Smith et al., Science 248, 1019-1023, (1990), which is 
incorporated by reference herein. FIG. 5 (a reproduction of 
FIG. 3B of Smith et al.) shows the deduced amino acid 
sequence (SEQ m NO: 27) of the cDNA coding region of a 
human TNF receplorcDNA clone. The leader region is singly 
underlined, the transmembrane domain is shown boxed, and 
potential N-linked glycosylaLion sites are doubly underlined. 
The entire nucleotide sequence is available upon request and 
has been deposited at Genbank under Accession Number 
M32315. 

There arc preferred first of all those DNA sequences which 
code for such a protein having an apparent molecular weight 
of about 55 kD, whereby the sequence given in FIG. 1 is 
especially preferred, and se,iuenc,~s which code for non
soluble as well as soluble traJ~me~nts of such proteins. A DNA 
sequence which codes, example, for such a non-soluble 
protein fragment extends from nucleotide-185 to 1122 of the 
sequence given in FIG. 1. DNA sequences which code for 
soluble protein fragments are, for example, those which 
extend from nucleotide-185 to 633 or from nucleotide- I 4 to 
633 ofthe sequence given in FlG. 1. There arc also prefeJTed 
DNA sequences which code for a protein of about 75/65 kD, 
whereby those which contain the partial cDNA sequences 
shown in FIG. 4 are preferred. Especially preferred DNA 
sequences in this case are the sequences of the open reading 
frame of nucleotide 2 to 1,177. The peptides IIA. IIC. IIE, IIF, 
IIG and HH arc coded by the partial cDNA sequence in AG. 
4, whereby the insignificant deviations in the experimentally 
determined amino acid sequences are based on the cDNA
derived sequence with highesl probabilily from the limited 
resolution of the gas phase sequencing. DNA sequences 
which code for insoluble ( deposited on Oct. 1 7, 2006 with the 

activity of the TNF-BP or fragments thereof, ]lamely the 
binding ofTNF or the interaction with other membrane com
ponents parlicipating in the signal transfer, have been altered 

25 or maintained in a desirable manner. Amino acid exchanges in 
proteins and peptides which do not generally alter the activity 
of such molecules arc known in the state of the art and are 
described, for example, by H. Neurath and R. L. Hill in "The 
Proteins" (Academic Press, New York, I 979, see especially 

30 FIG. 6, page 14). The most commonly occurring exchanges 
are: Ala/Ser, Val/lie, Asp/Glu, ThdSer, Ala/Gly, Ala/Thr, Ser/ 
Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn, 
Leu/Ile, Leu/Val, Ala/Glu,Asp/Gly as well as these in reverse. 
The present invention is also concerned with vectors which 

35 contain any of the DNA sequences described above in accor
dance with the invention and which are suitable forthe trans
formation of suitable pro- and eukaryotic host systems, 
whereby there are preferred those vectors whose use leads to 
the ex.pression of the proteins which are coded by any of the 

40 DNA sequences described above in accordance with the 
invention. Finally, the present invention is also concerned 
with pro- and eukaryotic host systems transformed with such 
vectors, as well as a process for the production of recombinant 
compounds in accordance with the invention by cultivating 

45 such host systems and subsequently isolating these com
pounds from the host systems themselves or their culture 
supematanls. 

An object of the present invention are also pharmaceutical 
preparations which contain at least one of these 1NF-BPs or 

50 fragments thereof, if desired in combination with other phar
maceutically active substances and/or non-toxic, inert, thera
peutically compatible carrier materials. 

Finally, the present invention is concerned with the use of 
such a TNF-BP on the one hand for the production of phar-

55 maceutlcal preparations and on the other hand for the treat
ment of illnesses, preferably those in which 1NF is involved 
in their course. 

Starting materials for the 1NF-BP in accordance with the 
invention arc quite generally cells which contain such TNF-

60 BP in membrane-bound form and which are generally acces
sible without restrictions to a person skilled in the art, such as, 
for example, HL60 [ATCC No. CCL 240], U 937 [ATCC No. 
CRL 1593], SW 480 [ATCC No. CCL 228] and HEp2 cells 
I ATCC No. CCL 23]. These cells can be cultivated according 

M to known methods of the state of the art [40] or, in order to 
produce high cell densities, according to the procedure 
already described generally and described in detail in 
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Example 2 for ML60 cells. TNF-IW can then be extracted 
from the cells, which are centrifuged-off from the medium 
and washed, according to known methods of the state of the 

8 
partial sequences which code for soluble TNF-BP fragments 
can be determined and cut out from the complete sequence 
using known methods [42). 

The complete sequence or such partial sequences can then 
5 he integrated using known methods into vectors described in 

the state or the art for their multiplication and expression in 
prokaryotes [ 42 J. Sui table prokaryotic host organisms are, for 
example, gram-negative and gram-positive bacteria such as, 
for example, E.coli strains such as E. coli HB l 01 [ATCC No. 

IO 33 694] or E. coli W3 I IO [ATCC No. 27 325] or B. subtilis 

art using suitable detergents, for example Triton X-114, 1-0-
n-octyl-~-D-glucopyranoside (octylglucoside) or 3-1(3-
cholylamido-propyl)-dimethylammonio ]- I-propane sulpho
nate (CHAPS), especially using Triton X-100. For the 
detection of such TNF-BP ihere can be used the usually used 
detection methods for TNF-BP, for example a polyethylene 
glycol-induced precipitation of the 1251-TNF/TNF-BP com
plex [27], especially filter-binding tests with radioactively 
labelled TNF according to Example I . In order to produce the 
TNF-BP in accordance with the invention, the general meth
ods of the state of the art used for the purification of proteins, 15 
especially of membrane proteins, such as, for example, ion 
exchange chromatography, gel filtration, affinity chromatog
raphy, HPLC and SOS-PAGE can be used. Especially pre
ferred methods for the production ofTNF-BP in accordance 
with the invention are affinity chromatography, especially 20 

with TNF-o: as the ligand bound to the solid phase, and 
immune affinity chromatography, HPLC and SOS-PAGE. 
The elution of TNF-BP bands which are separated using 
SOS-PAGE can be effected according to known methods of 
protein chemistry, for example using electroelution accord- 25 

ing to Hunkapiller et al. L34], whereby according to present 
knowledge the electro-dialysis times given there generally 
have to be doubled. Thereafter, traces of SDS which still 
remain can then be removed in accordance with Bosserhoff et 
al. [50]. 

The thus-purified TNF-BP can be characterized by meth
ods of peptide chemistry which are known in the state of the 
art, such as, for example, N-terminal amino acid sequencing 
or enzymatic as welt as chemical peptide cleavage. Frag
ments obtained by enzymatic or chemical cleavage can be 
separated according to usual methods such as, for example, 
HPLC and can themselves be subjected to further N-terminal 
sequencing. Such fragments which themselves bind TNF can 
be identified using the aforementioned detection methods for 
TNF-BP and are likewise objects of the present invention. 

Slatting from the thus-obtained amino acid sequence in for. 
mation or the DNA and amino acid sequences given in FIG. 1 

strains. 
Furthermore, nucleic acid sequences in accordance with 

the invention which code forTNF-BP as well as forTNF-BP 
fragments can be integrated using known methods into suit
able vectors for reproduction and expression in eukaryotic 
host cells, such as, for example, yeast, insect cells and mam
malian cells. Expression of such sequences is preferably 
effected in mammalian and insect cells. 

A typical expression vector for mammalian cells contains 
an efficient promoter element in order to produce a good 
transcription rate, the DNA sequence to be expressed and 
signals for an efficient termination and polyadeny lation of the 
transcript. Additional elements which can be used are 
"enhancers" which lead to again intensified transcription and 
sequences which e.g. can bring about a longer half life of the 
mRNA. For the expression of nucleic acid sequences in which 
the endogenous sequence fragment coding for a signal pep
tide is missing, there can be used vectors which contain such 

30 suitable sequences which code for signal peptides of other 
known proteins. See, for example, the vector pLJ268 
described by Cullen, B. R. in Cell 46, 973-982 (1986) as well 
as Shamia, S. et al. in "Current Communications in Molecular 
Biology", edt. by Gething, M. J., Cold Spring Harbor Lab. 

35 (1985), pages 73-78. 
Most of these vectors which are used for a transient expres

sion of a patticular DNA sequence in mammalian cells con
tain the replication source of the SV 40 virus. In cells which 
express the T-antigen of the virus (e.g. COS cells), these 

40 vectors are reproduced abundantly. A transient expression is, 
however, not limited to COS cells. In principle any transfect
able mammalian cell line can be used for this purpose. Signals 
which can bring about a strong transcription are e.g. the early 
and late promoters of SV 40, the promoter and enhancer of the as well as in FIG. 4 there can be produced, taking into con• 

sideration the degeneracy of the genetic code, according to 
methods known in the state of the art suitable oligonucle
otides [51]. By means of these, again according to known 
methods of molecular biology [42, 43], cDNA or genomic 
DNA banks can be searched for clones which contain nucleic 
acid sequences coding forTNF-BP. Moreover, using the poly- 50 

merase chain reaction (PCR) [49] cDNA fragments can be 
cloned by completely degenerating the amino acid sequence 

45 "major immediate-early" gene of HCMV (human cytomega
lovirus), the LTR' s ("long terminal repeat~") of retroviruses 
such as, for example, RSV, HIV and MMTV. There can, 
however, also be used signals of cellular genes such as e.g. the 
promoters of the actin and collagenase genes. 

Alternatively, however, stable cell lines which have the 
specific DNA sequence integrated into the genome (chromo
some) can also be obtained. For this, the DNA sequence is 
cotransfected together with a selectable marker, e.g. neomy
cin, hygromycin, dihydrofolate reductase (dhfr) or hypoxan-

of two spaced apart relatively short segments while taking 
into consideration the genetic code and introducing into their 
complementarity suitable oligo-nucleotides as a "primer", 
whereby the fragment lying between these two sequences can 
be amplified and identified. The determination of the nucle
otide sequence of a such a fragment permits an independent 
determination of the amino acid sequence of the protein frag
ment for which it codes. The cDNA fragments obtainable by 
PCR can also, as already described for the oligonucleotides 
themselves, be used according to known methods to search 
for clones containing nucleic acid sequences coding for TN F-
BP from cDNA or genomic DNA banks. Such nucleic acid 
sequences can then he sequenced according to known meth
ods [42). On the basis of the thus-determined sequences and 
of the already known sequences for certain receptors, those 

55 thin guanine phosphoribosyl transferase (hgpt). The DNA 
sequence stably incorporated in the chromosome can also be 
reproduced abundantly.A suitable selection marker for this is, 
for example, dihydrofolate reductase (dhfr). Mammalian 
cells (e.g. CHO cells), which contain no intact dhfr gene, are 

60 thereby incubated with increasing amounts of methotrexate 
after tnmsinfection has been effected. In this manner cell lines 
which contain more than a thousand copies of the desired 
DNA sequence can be obtained. 

Mammalian cells which can he used for the expression are 
65 e.g. cells of the human cell lines Hela [ATCC CCL21 and 293 

IATCC CRL 1573] as well as 3T3 [ATCC CCL 163J and L 
cells, e.g. [ATCC CCL 149], (CHO) cells [ATCC CCL 61], 
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BHK [ATCC CCL 10] cells as well as the CV l [ATCC CCL 
701 and the COS cell lines [ATCC CRL 1650, CRL 1651]. 

10 
vector is then transfected into the insect cells together with 
DNA of the wild type baculovirus. The recombinant vimses 
which result in the cells by homologous recombination can 
then be identified and isolated according to known methods. 

Suitable expression vectors include, for example, vectors 
such 11s pBCl 2MI [ATCC 67 1091, pSV2dhfr [ATCC 37146], 
pSVL LPharmacia, Uppsala, Sweden], pRSVcat [ATCC 37 
152] and pMSG [Pharmacia, Uppsala, Sweden]. The vectors 
"pK 19" and "pN 123" used in Example 9 are especially pre
ferred vectors. These cao be isolated according to known 
methods from E. coli strains HHl0l(pKl9) and HB101 
(pN123) transformed with them [421. These E coli strains 
have been deposited on the 26 Jan. 1990 at the Deutschen 
Sammlung von Mikroorganismen und Zellkulturen GmbH 
(DSM) in Braunschweig, FRO, under DSM 5761 for HBlOl 
(pK19) and DMS 5764 for HB10l(pN123). For the expres
sion of proteins which consist of a soluble fragment of non
soluble TNF-BP and an immunoglobulin fragment, Le. all 
domains except the first of the constant region of the heavy 
chain, there are especially suitable pSY2-derived vectors as 
described, for example, by German, C. in "DNA Cloning" 
[Vol. ll., edt. by Glover, D. M., IRL Press, Oxford, 1985}. The 
vectors pCD4-Hµ (DSM 5315), pDC4-Hyl (DSM 5314) and 
pCD4-Hy3 (DSM 5523) which have been deposited at the 
Deutschen Sammlung von Mikroorganismen und Zellkul
turen GmbH (DSM) in Braunschweig, FRG, and which are 
described in detail in European Patent Application No. 
90107393.2 are especially preferred vectors. This European 
Patent Specification and the equivalent Applications referred 

5 An overview of the baculovims expression system and the 
methods used I.herein is to be found in Luckow and Summers 
[52]. 

Expressed TNF-BP as well as its non-soluble or soluble 
fractions can then be purified from the cell mass or the culture 

10 supernatants according to methods of protein chemistry 
which are known in the state of the art, such as, for example, 
the procedure already desciibed on pages 5-6, 

The TNF-BP obtained in accordance with the invention 
can also be used as antigens to produce polyclonal and mono-

15 clonal antibodies according to known techniques f44, 45] or 
according to the procedure described in Example 3. Such 
antibodies, especially monoclonal antibodies against the 75 
kD TN fl-BP species, are also an object of the present inven
tion. Those antibodies which are directed against the 75 kD 

20 TNF-BP can be used for the isolation ofTNF-BP by modifi
cations of the purification procedure described in detail in 
Examples 4-6 which are familiar to a person skillecJ_ in the art. 

On the basis of the high binding affinity of TNP-BP in 
accordance with the invention for TNF (K,; value in the order 

25 of 10-9 -l 0- 10M), these or fragments thereof can be used as 
diagnostics for the detection of TNF in scrum or other body 
fluids according to methods known in the state of the mt, for 
example in solid phase binding tests or in combination with to in Example 11 also contain data with respect to the further 

use of these vectors for the expression of chimeric proteins 
(see also Example 1 l) and for the construction of vectors for 30 

the expression of such chimeric proteins with other immuno
glooulin fragments. 

The manner in which these cells are transfected depends on 

anti-TNF-BP antibodies in so-called "sandwich" tests. 
Moreover, TNF-BP in accordance with the invention can 

be used on the one hand for the purification ofTNF and on the 
other hand for the detection ofTNF agonists and TNF antago
nists according to procedures which are known in the state of 
the art. 

The TNF-BP in accordance with the invention as well as 
their physiologically compatible salts, which can be manu
factured according to methods which are known in the state of 
the art, can also be used for the production of pharmaceutical 
preparations, primarily those for the treatment of illnesses in 

the chosen expression system and vector system. An over
view of these methods is to be found e.g. in Pollard et al., 35 
"DNA Transformation of Mammalian Cells" in "Methods in 
Molecular Biology" [Nucleic Acids Vol. 2, 1984, Walker, J. 
M., ed, Humana, Clifton, N. I.]. Further methods are to be 
found in Chen and Okayama ["High-Efficiency Transforma
tion of Mammalian Cells by Plasmid DNA", Molecular and 
Cell Biology 7, 2745-2752, 1987] and in Feigner [Feigner et 
al., "Llpofectin: A highly efficient, lipid-mediated DNA
transfection procedure", Proc. N aL A cad. Sci. USA 84, 7 413-
7417, 19871. 

40 which TNF is involved in their course. For this purpose, one 
or more of the said compounds, where desired or required in 
combination with other pharmaceutically active substances, 
can be processed in a )mown manner with the usually used 
solid or liquid carrier mate1ials. The dosage of such prepara-

The baculovims expression system, which has already 
been used successfully for the expression of a series of pro
teins (for an overview see Luckow and Summers, Bio/Tech
nology 47-55, l 988), can be used for the expression in insect 
cells. Recombinant proteins can be produced in authentic 
form or as fusion proteins. The thus-produced proteins can 
also be modified such as, for example, glycosylated (Smith et 

45 tions can be effected h11ving regard to the usual criteria in 
analogy to already used preparations of similar activity and 
structure. 

Since the invention has been described hereinbefore in 
general terms, the following Examples are intended to illus

so trate details of the invention, but they are not intended to limit 
its scope in any manner. 

al., Proc. Nat Acad. Sci. USA 82, 8404-&408, 1987). For the 
production of a recombinant baculovirus which expresses the 
desired protein there is used a so-called "transfer vector". 
Under this there is to be understood a plasmid which contains 55 

the heterologous DNA sequence under the control of a strong 
promoter, e.g. that of the polyhedron gene, whereby this is 
surrounded on both sides by viral sequences. The vectors 
"pN113", "pN119" and "pN124" used in Example IO are 
especially preferred vectors. These can be isolated according 60 
to known methods from E. coli strains HB 101(pNl13), 
HB10l(pNl 19) and HB101(pN124) transformed with them. 
These E. coli strains have been deposited on the 26 Jan, l 990 
at the Deutschen Sammlung von Mikroorganisrnen and 
Zellkulturen GmbH (DSM) in Braunschweig, FRG, under 65 
DSM 5762 for HBIOl(pN113), DSM 576:1 for HB101 
(pN119) and DSM 5765 for HB10l(pNl24). The transfer 

Example I 

Detection of TNF-Binding Proteins 

The TNF-BP were detected in a Hiter test with human 
radioiodinated ml-TNF. TNF (46: 47) was radioactively 
labelled with Na125 I (IMS40, Amersham, Amersham, 
England) and iodo gene (#28600, Pierce Eurochemie, Oud
Beijerland, Netherlands) according to Fraker and Speck I 481. 
For the detection of the TNF-BP, isolated membranes of the 
cells or their solubilized, emfohed and purified fractions were 
applied to moist nitrocellulose filter (0.45µ, BioRad, Rich
mond, Calif., USA). The filters were then blocked in buffer 
solution with I% skimmed milk powder and subsequently 
incubated with 5· I 05 cpm/ml of 12~1-TNFa (0.3-1.0-108 cpm/ 
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µg) in two batches with and without the addition or 5 µg/ml of 
non-labelled TN Fa, washed and dried in the air. The bound 
radiouclivily was detected semiquantitatively by autoradiog
ruphy or counted in a gamma-counter. The specific 1251-
TNF-a binding was determined after correction for unspe- 5 

cific binding in the presence of unlabelled TNF-a in excess. 
The specific TNF-binding in the filter test was measured al 
various TNF concentrations and analyzed according to Scal
chard, whereby a Kd value of -1o- 9-10-10M was determined. 

TABLE I-continued 

Example 2 

Cell Extracts of HL-60 Cells 

HL60 cells LATCC No. CCL 240] were cultivated on an 
experimental laboratory scale in a RPMI 1640 medium 
[GIBCO catalogue No. 074-018001, which contained 2 g/1 
NaHC03 and 5% foetal calf serum, in a 5% CO2 aimosphere 

IO 

15 

and subsequently centrifuged. 20 
The following procedure was used to produce high cell 

densities on an industrial scale. The cultivation was canied 
out in a 75 I Airlift fermenler (Fa. Chemap, Switzerland) with 
a working volume of 58 I. For this there was used the cassette 
membrane system "PROSTAK" (Millipore, Switzerland) 

25 
with a membrane surface of 0.32 m2 

( I cassette) integrated 
into the external circulation circuit. The culture medium (see 
Table 1) was pumped around with a Watson-Marlow pump, 
Type 603U, with SI/min. After a steam sterilization of the 
installation, whereby the "PROSTAK" system was sterilized 

30 
separately in autoclaves, the fermentation was started with 
growing HL-60 cells from a 20 l Airlift fermenter (Chemap). 
The cell cultivation in the inoculation fermenter was effected 
in a conventional batch process in the medium according to 
Table 1 and an initial cell titre of2xl05 cells/ml. After 4 days 
the HL60 batch was transferred with a titre of 4.9xl 06 cells/ 

35 

ml into the 75 l fermenter. The pH value was held at 7.1 and 
the pO2 value was held at 25% saturation, whereby the oxy
gen introduction was effected through a mieroporous frit. 
After initial hatch fermentation, on the 2nd day the perfusion 

40 
at a cell titre of 4x !06 cells/m I was started with 30 I of medium 
exchange per day. On the filtrate side of the medium the 
conditioned medium was removed and replaced by the addi
tion of fresh medium. The added medium was fortified as 
follows: Primatone from 0.25% to 0.35%, glutamine from S 

45 
mM to 6 mM and glucose from 4 g/1 to 6 g/1. The perfusion 
rate was then increased on the 3rd and 4th day to 72 I of 
medium/day and on the 5th day to 100 I of medium/day. The 
fermentation had finished after 120 hours of continuous cul
tivation. Exponential cell growth up to 40x106 cells/ml took 

50 
place under the given fermentation conditions. The duplica
tion time of the cell population was 20-22 hours to 10xl06 

cells/ml and then increased to 30-36 hours with increasing 
cell density. The proportion of living cells lay al 90-95% 
during the entire fermentation period. The HL-60 batch was 

55 
then cooled down in the fermenter to about 12° C. and the 
cells were harvested by cenlrifugation (Beckman centrifuge 
[Model J-6B, Rotor JS], 3000 rpm, IO min., 4° C.). 

TABLE I 

HL-60 medium 

Components 
Concentrations 

mg/I 

60 

HL-60 medium 

Components 

CuSO4•5H2O 
Fe(NO1h•9H2O 
FeSO4•7lt2O 
KC! 
KNO3 
MgCl2 (anhydrous) 
Mgso. {anhydrous) 
NaCl 
Na2HPO4 (anhydrous) 
NaH2PO,•H2O 
Na,SeO,•5H2O 
ZnSO4 •7H1O 
D-Glucose 
Glutathion (red.} 
Hepes buff er 
Hypo,anU,in 
Liuoleic acid 
Lipoic acid 
Phenol Red 
Putrescine 2HCI 
Na pyruvate 
Thymidine 
Biotin 
D-Ca pantolhcnate 
Choline chloride 
Folic acid 
i-lnositol 
Niacin amide 
Nicotinamide 
para-Aminobenzoic acid 
Pyridoxal HCJ 
Pyridoxin HCI 
Riboflavin 
Tbiamin HCI 
Vitamin B,2 

L-Alanine 
L-Aspartlc acid 
L-Asparagine H20 
L-Arginine 
L-Arginine HCI 
L-Aspartate 
L-Cystiae 2HCI 
L-Cysteine HCl•H20 
L-Glutamic acid 
L-Glutamine 
L-Olycine 
L-Hislidine 
L-Histidine HCML,O 
L-Hydroxypyroline 
1.-lwleucine 
L-Leucine 
L-Lysine HCI 
L-Methionine 
L-Phenylalanine 
L-Proline 
L-Serine 
L-Threonine 
L-Tryptophan 
L-Tyro~inc•2Na 
L-Valioe 
Penicillin/streptomycin 
Insulin (human) 
Tnmfcnin (human) 
Bovine serum albumin 
Prirnatone RL (Sheffield 
Products, Norwich NY, 
USA) 
Plumnic F68 
(Serva. Heidelberg, FRG) 
l'oelal calf scrum 

Concentrations 
mg/I 

0.498•10-1 

0,02 
0.1668 

336,72 
0,0309 

11.444 
68.37 

5801.8 
188408 
75 
9.6•!0-3 

0.1726 
4000 

0.2 
2383,2 

0.954 
0.0168 
0.042 

10.24 
0,0322 

88 
0.146 
0.04666 
2546 
5.792 
2.86 

1132 
2,6 
0.0074 
0.2 
2.4124 
0.2 
0.2876 
2.668 
0.2782 

11.78 
lO 
14.362 
40 
92.6 
33.32 
62.04 

7.024 
36.94 

730 
21.5 
3 

27392 
4 

73,788 
75.62 

102.9 
21.896 
43.592 
26.9 
31.3 
53 
11.008 
69.76 
62,74 
100 U/ml 

511g/ml 
15 pg/ml 
67 pg/ml 
0.25% 

0.01% 
0.3-3% 

CaC12 (anhydrous) 
Ca(N03)i•4H20 

112/M 
20 

65 The centrifugate was washed wilh isotonic phosphate 
buffer (PBS; 0.2 g/1 KCL 0.2 g/1 Kll,P04 , 8.0 g/1 NaCL 2.16 
g/1 Na2 HPO4 .7ll 2O), which had been treated with 5% dim-
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C. They were resuspended in I ml of complete RPMI 1640 
medium (Example 2) which additionally comai11ed 0.1 % 
sodium azide and ml-TNFa (106 cpm/ml) with or without 
the addition of unlabelled TNFa (see above). The specific 

ethylformamide, 10 mM benzamidine, JOO U/ml aprotinin, 
10 µM Jeupeptin, I µM pepstatin, 1 mM o-phenanthroline, 5 
mM iodoacetamidc, 1 mM phenyl-methylsulphonyl fluoride 
(referred to hereinafter as PBS-M). The washed cells were 
extracted at a density of 2.S.108 cells/ml in PBS-M with 
Triton X-100 (final concentration LO%). The cell extract was 
clarified by cent1ifugation (15,000xg, 1 hour; l00,000Xg, I 
hour). 

5 radioactivity of the 1251-TNFa amounted to 700 Ci/mmol. 
The cells were incubated at 4° C. for 2 hours, collected and 
washed 4 times at 0° C. with 4.5 ml of PBS which contained 
1 % BSA and 0.001 % Triton X l 00 (Fluke). The radioactivity 
hound to the cells was measured in a y-scintillation counter. 

Example 3 

Production of Monoclonal (TNF-BP) Antibodies 

10 The cell-bound radioactivity of cells which had not been 
treated with anti-(TNF-BP) antibodies was determined in a 
comparative experiment (approximately lO 000 cpm/5xl06 

cells). 
A centrifugation supernatant from the cultivation of HL60 

cells on an experimenlal laboratory scale, obtained according 15 

to Example 2, was diluted with PBS in the ratio L IO. The 
diluted supernatant was applied at 4° C. {!low rate: 0.2 
ml/min.) to a column which contained 2 ml of Affigel l 0 (Bio 
Rad Catalogue No. 153-6099) to which had been coupled 20 
mg of recombinant human TNF-o: [Pennica. D. et al. (1984) 20 

Nature 312, 724; Shirai, T. et al. (1985) Nature 313, 803; 
Wang, A. M. et al. (l 985) Science 228, 149] according to the 
recommendations of the manufacturer. The column was 
washed at 4° C. and a throughflow rate of l ml/min firstly with 
20 ml of PBS which contained 0.1 % Triton X 114 and there- 25 
after with 20 ml of PBS. Thus-enriched TNF-BP was eluted at 
22° C. and a flow rate of 2 ml/min with 4 ml of 100 mM 
glycine, pH 2.8, 0.1% decylmaltoside. The eluate was con
centrated to 10 µI in a Centricon 30 unit [Amicon]. 

10 µl of this eluate were mixed with 20 µl of complete 30 
Freund's adjuvant to give an emulsion. 10 µI of the emulsion 
were injected according to the procedure described by Holm
dahl, R. et al. [(1985), J. Immunol. Methods 83,379] on each 

Example4 

Affinity Chromatography 

For the further purification, a monoclonal anti-(55 kD 
TNF-BP) antibody (2.8 mg/ml gel), obtained according to 
Example 3, TNFo: (3.9 mg/ml gel) and bovine serum albumin 
(BSA. 8.5 mg/ml gel) were each covalently coupl¥d to CNBr
activated Sepharose 48 (Pharmacia, Uppsala, Sweden) 
according to the directions of the manufacturer. The cell 
extract obtained according to Example 2 was passed through 
the thus-prepared columns which were connected in series in 
the following sequence: BSA-Sepharose pre-column, 
immune affinity column [anti-(55 kD-TNF-BP) antibody], 
TNFa-ligand affinity column. After completion of the appli
cation the two last-mentioned columns were separated and 
washed individually within each case 100 ml of the following 
buffer solutions: (1) PBS, 1.0% Triton X-100, 10 mM benza
midine, 100 U/ml aprotinin; (2) PBS, 0.1% Triton X-100, 
0.5M NaCl, 10 mM ATP, 10 mM benzamidine, 100 U/ml of days 0, 7 and 12 into a hind paw of a narcotized Balb/c 

mouse. 
The immunized mice were sacrificed on day 14, the 

popliteal lymph nodes were removed, minced and suspended 

35 aprotinin; and (3) PBS, 0.1% Triton X-100, lOmM benzami
dine, 100 U/ml aprotinin. Not only the immune affinity col
umn, but also the TNFa-ligand affinity column were then 
each eluted with l00 mM glycine pH 2.5, 100 mM NaCl, by repealed pipetting in Iscove's medium (IMEM, GJBCO 

Catalogue No. 074-2200) which contained 2 g/1 NaHCO3• 

According to a modified procedure of De St. Groth and 40 

Scheidegger [J. Immunol. Methods (1980). 35, 1] 5x107 cells 
of the lymph nodes were fused with 5xl07 PAI mouse 
myeloma cells (J. W. Stocker et al. Research Disclosure, 217, 
May 1982, 155-157) which were in logarithmic growth. The 
cells were mixed, collected by centrifugation and resus• 45 
pended in 2 ml of 50% (v/v) polyethylene glycol in IMEM at 
room temperature by slight shaking and diluted by the slow 
addition of 10 ml of IMEM during careful shaking for 10 
minutes. The cells were collected by centrifugation and resus
pended in 200 ml of complete medium [IMEM+20% foetal so 
calf serum, glutamine (2.0 mM), 2-mercaptoethanol (100 
µM), 100 µM hypoxanthine, 0.4 µM aminopte1ine and 16 µM 
thymidine (HAT)j. The suspension was distributed on 10 
tissue culture dishes each containing 96 wells and incubated 
at 37° C. for 11 days without changing the medium in an 55 
atmosphere of 5% COz and a relative humidity or98%. 

The antibodies are distinguished by their inhibitory action 
on the binding of TNF to HL60 cells or by their binding to 
antigens in the filter test according to Example 1. The follow
ing procedure was used to detect the biological activity of 60 
anti(TNF-BP) antibodies: 5xlO"' HL60 or U937 cells were 
incubated in complete RPMI 1640 medium together with 
affinity-purified monoclonal anti-(TNF-BP) antibodies or 
control antibodies (i.e. those which are not directed against 
TNF-BP) in a concentration range of 1 ng/ml to 10 µg/ml. 65 
After incubation at 37° C. for one hour the cells were col• 
lected by centrifugation and washed with 4.5 ml of PBS at 0° 

0.2% decylmaltoside, 10 mM benzamidine, 100 U/ml apro
tinin. The fractions of each column which were active in the 
filter test according to Example I were thereafter combined 
and neutralized with 1M Tris pH 8.0. 

The thus-combined TNF-BP active fractions of the 
immune affinity chromatography on the one hand and of the 
TNFo.-Hgand afiinity chromatography on the other hand 
were, for further purification, again applied to in each case 
one small TNFa-ligand affinity column. Thereafter, these two 
columns were washed with in each case 40 ml of (1) PBS, 
1.0% Triton X-100, 10 mM benzamidine, 100 U/ml aprotinin, 
(2) PBS, 0.1 % Triton X-100, 0.5M NaCl, 10 rnMATP, 10 mM 
benzamidine, 100 U/ml aprotinin, (3) PBS, 0.1 % Triton 
X-100, (4) 50 mMTris pH 7.5, lSOmM NaCl, l.0% NP-40, 
1.0% desoxycholate, 0.1 % SDS, (5) PBS, 0.2% decylmalto
side. Subsequently, the columns were eluted with 100 mM 
glycine pH 2.5, JOO mM NaCl, 0.2% decylmaltoside. Frac
tions of 05 ml from each column were collected and the 
fractions from each column which were active according to 
the filter test (Example 1) were combined and concentrated in 
a Cent1icon unit (Amicon, molecular weight exclusion 
10,000). 

faample 5 

SeparaLion by Means of HPLC 

The active fractions obtained according to Example 4 were 
each applied according to their different source (immune or 
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ligand aflinity chromatography) to C1/C8 reversed phase 
HPLC-columns (ProRPC. Pharmacia, 5x20 mm) which had 
been equilibrated with 0.1 % trifluoroacetic acid, 0.1 % octyl
glucoside. The columns were then eluted with a linear aceto
nitrile gradient (0-80%) in the same buffer at a flow of 0.5 
ml/min. Fractions or 1.0 ml were collected from each column 
and the active fr-actions from each column were combined 
(delection according lO Example l ). 

Example6 

Separation by Means of SDS-PAGE 

The fractions which were obtained according to Example 5 
and which were active according lo the filter test (Example I) 
were further separated by SDS-PAGE according to [34]. Por 
this purpose, the samples were heated to 95° C. for 3 minutes 
in SDS sample buffer and subsequently separated electro
phoretically on a 12% acrylamide separation gel with a 5% 
collection gel. The following standard proteins were used as 
a reference for the determination of the apparent molecular 
weights on the SDS-PAGE gel: phosphorylase B (97.4 kD), 
BSA (66.2 kO), ovalbumin (42.7 kO), carboanhydrase (31.0 
kD), soya trypsin inhibitor (21.5 kD) and lysozyme ( 14.4 kO). 

Under the mentioned conditions lhere were obtained for 
samples which has been obtained according to Example 4 by 
TNF-a-ligand affinity chromatography of immune affinity 
chromatography eluates and which had been further sepa
rated by HPLC according to Example 5 two bands of 55 kD 
and 51 kD as well as three weaker bands of 38 kD, 36 kD and 

16 
activi:: according to the llltcr lest (Example I) were separated 
using the SDS-PAGE conditions described in Example 6, but 
now reducing (SDS sample buffer with 125 mM dithiolhrei
tol). The same bands as in Example 6 were found, but because 

5 of the reducing conditions of the S DS-PAG E in comparison to 
Example 6 all showed an about 1-2 kD higher molecular 
weight. These bands were then transferred according to 
Example 6 on to PVDF membranes and stained with 0.15% 
Serva-Blue in methanol/water/glacial acetic acid (50/400/10 

JO parts by volume) for l minute, decolorized with methanol/ 
water/glacial acetic acid (45/48/7 parts by volume), rinsed 
with water, dried in air and thereafter cut out. The conditions 
given by Hunkapiller [34] were adhered to in all steps in order 
to avoid N-terminal blocking. Initially, the purified TNF-BP 

15 were used unaltered forthe amino acid sequencing. In order 
to obtain additional sequence infonnation, the TNF-BP after 
reduction and S-carboxymethylalion [Jones, B. N. (1986) in 
"Methods of Protein Micro-characterisation", J. E. Shively, 
ed., Humana Press, Clifton N. J ., 124-125] were cleaved with 

20 cyanogen bromide (Tarr, G. E. in "Methods of Protein Micro
characterisation", 165-166, loc. cit.), trypsin and/or protein
ase K and the peptides were separated by HPLC according lo 
known methods of protein chemistry. Thus-prepared samples 
were then sequenced in <.111 automatic gas phase microse-

25 quencing apparatus (Applied Biosystems Model 470A, ABI, 
Foster City, Calif., lJSA) with an on-line automatic HPLC 
PTH amino acid analyzer (Applied Biosystems Model l 20, 
ABI see above) connected to the outlet, whereby the follow
ing amino acid sequences were determined: 

30 l. For the 55 kO band (according to non-reducing SDS
PAUE): 

34 kD. These bands were transferred electrophoretically dur
ing l hour at l 00 V in 25 mM Tris, 192 mM glycine, 20% 
methanol on to a PVDF membrane (lmmobilon, Millipore, 
Bedford, Mass. USA) in a Mini Trans Blot System (BioRad, 
Richmond, Calif., USA). Thereafter, the PVDF membrane 
was either protein-stained with 0.15% Serva-Blue (Serva, 
Heidelberg, FRO) in methanol/water/glacial acetic acid (50/ 
40/10 parts by volume) or blocked with skimmed milk pow
der and subsequently incubated with 1251-TNFa according to 
the filter test conditions described in Example I in order to 
detect bands having TNF-RP activity. This showed that all 
bands produced in the protein staining bonded lNFa specifi
cally. In the Western blot according to Towbin et al. [38] all of 
these bands also bonded the monoclonal anti-55 kD-TNF-BP 
antibody produced according to Example 3. In this case, a 
procedure according to that described in Example I with 
Naml radioactively-labelled, affinity-purified (mouse 45 

immunoglobulin-Sepharose-4B affinity column) rabbit-anti
mouse-immunoglobulin antibody was used for the autorad
iographic detection of this antibody. 

Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-X
Asn-Ser-Ile (SEQ ID NO: 5), 

35 and 
Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr

Thr-Thr-Lys (SEQ rD NO: 6) in which X stands for an 
amino acid residue which could not be determined, 

2. for the 5110 and 38 kD bands (according to non-reducing 
SOS-PAGE): 

4o Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu (SEQ ID NO: 15) 
3. for the 65 kD band (according to non-reducing SDS
PAGE) 

In the N-terminal sequencing of the 65 kD band two par
allel sequences were determined up to the 15th residue 
without interruption. Since one of the two sequences 
corresponded to a partial sequence of ubiquilin 136, 37], 
the following sequence was derived for the 65 kD hand: 

Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-Glu
Pro-Gly-Ser-Thr-Cys. (SEQ ID NO: 16) Samples which had been obtained according lo Example 4 

by two-fold TNF-a-ligand affinity chromatography of the 
throughput of the immune affinity chromatography and 
which had been further separated by HPLC according to 
Example 5 showed undenhe above-specified SOS-PAGE and 
blot transfer conditions two additional bands of75 kD and 65 
kD, both of which bonded TNF specifically in the filter test 
(Ex.ample 1 ). [n the Western blot according to Towbin et al. 
(see above) the proteins of these two bands did not react with 
the anti-(55 kD 'fNF-BP) antibody produced according to 
Example 3. They reacted, however, wilh a monoclonal anti
body which had been produced starting from the 75 kD band 
(anti-75 kD TNF-BP antibody) according to Example 3. 

Example 7 

Amino Acid Sequence Analysis 

For the amino acid sequence analysis, the fractions which 
had been obtained according to Example 5 and which were 

50 in which X stands for an amino acid residue which could 
not be determined. 

Additional peptide sequences for 75(65) kDa-TNF-BP 
were determined: 
Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu 

55 
(SEQ ID NO: 11) 
and 
Scr-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Lcu-Lcu-Gly-Ser-Thr
Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7) and Val-Phe-Cys-Thr 
(SEQ ID NO: 8) 
and 

60 Asn-Gl n-Pro-Gln-Ala-Pro-Gly-Val-Glu-A I a-Ser-Gly-Ala
Gly-Glu-Ala (SEQ lD NO: 9) and Leu-Cys-Ala-Pro (SEQ ID 
NO: 12) 
and 
Val-Pro-Uis-Leu-Pro-Ala-Asp SEQ ID NO: 13) 

65 and 
Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-llc-X-Ala-Pro 
(SEQ lD NO: 14), 
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in which X slands for an amino acid residue which could not 
be determined. 

Example 8 

Determination of Base Sequences of Complemeniary 
DNA(cDNA) 

Example 9 

Expression in COSl Cells 

Vectors starting from the plasmid "pNl 1" were con
structed for the expression in COS cells. The plasmid "pNl I" 
contains the efficient promotor and enhancer of the "major 
immediate-early" gene of human cytomegalovirus 
("HCMV"; Boshart et aL, Cell 41, 521-530, 1985). Afterthe 

10 promotor there is situated a short DNA sequence which con
tains several restriction cleavage sites, which are present only 
once in the plasmid ("polylinker"), inter alia the cleavage 
sites for HindIII, Ball, BamHI and Pvull (see sequence). 

Starting from the amino acid sequence according to for
mula IA there were synthesized having regard to the genetic 
code for the amino acid residues 2-7 and 17-23 corresponding 
completely degenerated oligonucleotides in suitable comple
mentarity ("sense" and "antisense" oligonucleotides). Tola! 
cellular RNA was isolated from HL60 cells [42, 43] and the 
first cD NA strand was synthesized by oligo-dT priming or by 
priming with the "antisense" oligonucleotide using a cDNA 
synthesis kit (RPN 1256, Amersham, Amersham, England) 
according to the instmctions of the manufacturer. This cDNA 
strand and the two synthesized degenerate "sense" and "anti
sense" oligonucleotides were used in a polymerase chain 
reaction (PCR, Perkin Elmer Cetus, Norwalk, Conn., USA 
according to the instmctions of the manufacturer) to synthe
size as a cDNA fragment the base sequence coding for the 
amino acid residues 8- l 6 (formula IA). The base sequence of 25 

this cDNA fragment accorded to: 5'-AGGGAGAA
GAGAGATAGTGTGTGTCCC-3' (SEQ ID NO: 16). This 
cDNA fragment was used as a probe in order to identify 
according to a known procedure a cDNA clone coding for the 

PvuII 
15 5'-AAGCTTGGCCAGGATCCAGCTGACT

GACTGATCGCGAGATC-3' (SEQ ID NO: 17) 
3'-TTCGAACCGGTCCTAGGTCGACTGACT
GACTAGCGCTCTAG-5' (SEQ ID NO: 18) 

After these cleavage sites there are situated three transla-
20 tion stop codons in all three reading frames. After the 

polylinker-sequence there is situated the 2nd intron and the 
polyadenylation signal of the preproinsulin gene of the rat 
(Lomedico et al., Cell 18, 545-558, 1979). The plasmid also 
contains the replication origin of the SV40 virus and a frag
ment from pBR322 which confers E. coli-bacteria ampicillin 
resistance and permits the replication of the plasmid in K coli. 

For the constmction of the expression vector "pN123", this 
plasmid "pN11" was cleaved the restriction endonuclease 
Pvull and subsequently treated with alkaline phosphatase. 

30 The dephosphorylated vector was thereafter isolated from an 
agarose gel (VI). The 5'-projecting nucleotides of the EcoRl
cleaved 1.3 kb fragment of the 55 kD TNF-BP-cDNA (see 
Example 8) were filled in using Kienow enzyme. Subse
quently, this fragment was isolated from an agarose gel (Fl). 

55 kD TNF-BP in a Agtl 1-cDNA gene bank from human 
placenta (42, 43). This clone was then cut according to usual 
methods from the A-vector and cloned in the plasmids pUCl 8 
(Pharmacia, Uppsala, Sweden) and pUCl 9 (Pharmacia, Upp
sala, Sweden) and in the M 13 mp 18/M 13 mp I 9 bacterioph
age (Pharmacia, Uppsala, Sweden) (42, 43). The nucleotide 
sequence of this cDNA clone was determined using a Seque
nase kit (U.S. Biochemical, Cleveland, Ohio, USA) accord
ing to the details of the manufacturer. The nucleotide 
sequence and the amino acid sequence derived therefrom for 
the 55 kD TNF-BP and its signal peptide (amino acid "-28" 
to amino acid "0") is given in FIG. 1 using the abbreviations 
for bases such as amino acids usual in the state of the art From 
sequence comparisons with other already known receptor 
prolein sequences there can be determined a N-terminal 
domain containing approximately l 80 amino acids and a 
C-terminal domain containing 220 amino acids which are 
separated from one another by a transmembrane region of 19 
amino acids (underlined in FIG.1) which is typical according 
to the sequence comparisons. Hypothetical glycosylation 
sites are characterized in FIG. 1 by asterisks above the corre
sponding amino acid. 

Essentially analogous techniques were used to identify 
75/65 kD TNF-BP-coding partial cDNA sequences, whereby, 
however, in this case genomic human DNA and completely 
degenerated 14-mer and 15-mer "sense" and "antisense" oli
gonucleotides derived from peptide IIA were used in order to 
produce a primary 26 by cDNA probe in a polymerase chain 
reaclion. This cDNA probe was then used in a HL-60 cDNA 
library to identiry cDNA clones of different lengths, This 
cDNA library was produced using isolated HL60 RNA and a 
cDNA cloning kit (Amersham) according to the details of the 
manufacturer. The sequence of such a cDNA clone is given in 
FIG. 4 (SEQ ID NO: 28), whereby repeated sequencing lead 
lo the fo11owing correction as depicted in FIG. 6 (SEQ ID NO: 
3). A threonine coded by "ACC" not "TCC", has to be at 
position 3 instead of the serine. 

35 Thereafter, VI and Fl were joined together using T4-ligase. 
E. coli HBl 01 cells were then transformed with this ligation 
batch according to known methods [42]. By means of restric
tion analyses and DNA sequencing according to known meth
ods [ 42) there were identified transformants which had been 

40 transformed with a plasmid and which contained the 1.3 kb 
EcoRI fragment of the 55 kD TNF-BP-cDNA in the correct 
orientation for expression via the HCMV-promoter. This vec
tor received the designation "pNl 23". 

The following procedure was used for the construction of 
45 the vector "pK19". A DNA fragment which contained only 

the cDNA coding for the extracellular part of the 55 kD 
TNF-BP (amino acids -28 to 182 according to FIG. 1) was 
obtained by PCR technology (Saiki et. al., Science 230, 1350-
1354, 1985, see also Example 8). The following oligonucle-

50 otides were used in order to amplify the cDNA from "pN 123" 
coding for the extracellular part of the 55 kD TNF-BP: 

BAMHI 
5'-CACAGGGATCCATAGCTGTCTG
GCATGGGCCTCTCCAC-3' (SEQ ID NO: 19) 

55 ASP718 
3'-CGTGACTCCTGAGTCCGTGGTGTAT

TA'.fCTCTAGACCA TGGCCC-5' (SEQ ID NO: 20) 
By means of these oligonucleotides there were also intro

duced two slop codons of the translation after amino acid 182. 
60 The thus-amplified DNA fragment was cleaved with BamHI 

and Asp718, the thereby resulting projecting ends were filled 
in using Kienow enzyme and this fragment was subsequently 
isolated from an agarose gel (F2). F2 was then ligated with Vl 
and the entire batch was used for the transformation of K coli 

65 HB 101, as already described. Transformants which had been 
transformed with a plasmid containing the DNA fragment in 
the co1Tect orientation for the expression via the HCMV-
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promoter were identified hy DNA sequencing (see above). 
The plasmid isolated therefrom received the designation 
"pK19". 

Transfection of the COS cell& with the plasmids "pNl 23" 
or "pK19" was carried out according to the lipofection 
method published by Feigner et al. (Proc. Natl. Acad. Sci. 
USA 84, 7413-7417, 1987). 72 hours after the transfection 
had been effected the cells tnmsfected with "pN 123" were 
analyzed for binding with 1251-TNFa according to known 
methods. The results of the Seal.Chard analysis IScatchard, G., 
Ann. N.Y. Acad. Sci. 51, 660, 19491 of the thus-obtained 
binding data (FIG. 2A) is given in FrG. 2B. The culture 
supernatants of the cells transfected with "pKl 9" were inves
tigated in a "sandwich" test. For this purpose, PVC microtitre 
plates (Dynatech, Arlington, Va., USA) were sensitized with 
100 µI/well of a rabbit-anti-mouse immunoglobulin (IO 
µg/ml PBS). Subsequently, the plates were washed and incu
bated (3 hours, 20° C.) with an anti-55 kD TNF-BP antibody 
which had been detected by its antigen binding and isolated 
according to Example 3, but which did not inhibit the TNF
binding to cells. The plates were then again washed and 
incubated overnight at 4° C. with 100 µI/well of the culture 
supernatant (diluted 1:4 with buffer A containing 1% 
skimmed milk powder: 50 mM Tris/HCl pH 7.4, 140 mM 
NaCl, 5 mM EDTA, 0.02% Na azide). The plates were emp
tied and incubated at 4° C. for 2 hours with buffer A contain
ing 1251-TNFo: (106 cpm/ml, 100 µ.1/well) with or withoutthe 
addition or 2 µg/ml of unlabelled TNF. Thereafter, the plates 
were washed 4 times with PBS, the individual wells were cut 
out and measured in a A-counter. The results of 5 parallel 
transfections (columns #2, 3, 4, 6 and 7). of two control 
transfeclions wilh the pNl I vector (columns #1, 5) and of a 
control with HL60 cell lysate (column #8) arc given in PIG. 3. 

Example IO 

Expression in Insect Cells 

The plasmid "pVL94l" (Luckow and Summers, 1989, 
"High Level Expression of Nonfused Foreign Genes with 
Autographa califomia Nuclear Polyhedrosis virus Expres
sion Vectors'', Virology 170, 31-39) was used for the expres
sion in a baculovirus expression system and was modified as 
follows. The single EcoRI restriction cleavage site in 
"pVL941" was removed by cleaving the plasmid with EcoRJ 
and the projecting 5'-end was filled in with Kienow enzyme. 
The plasmid pVL941/E obtained therefrom was digested 
with BamHJ and Asp718 and the vector trunk was subse
quently isolated from an agarose gel. This fragment was 
ligated with a synthetic oligonucleotide of the following 
sequence: 

BamHI EcoRI Asp718 
5'-GATCCAGAA'.ITCATAATAG-3' (SEQ ID NO: 21) 
3'-GTCTTAAGTATTATCCATG-5' (SEQ ID NO: 22) 
E.coli HB10I was transformed with the ligation batch and 

20 
The following procedure was used for the construction of 

the transfer vector "pN 119". The J .3 kb EcoRI/EcoRI frag
ment of the 55 kD TNF-BP cDNA in the "pUC19" plasmid 
(see Example 8) was digested with Bani and ligated with the 

5 following synthetic oligonucleotide: 
BanIAsp718 
5'-GCACCACATAATAGAGATCTGGTACCGGGAA-3' 

(SEQ ID NO: 23) 
3'-GTGTA1TATCTCI'AGACCATGGCCC-5' (SEQ ID 

lO NO: 24) 
Two stop codons of the translation after amino acid 182 and 

a cleavage site for the restriction endonuclease Asp718 are 
incorporated with the above adaptor. After carrying out liga
tion the batch was digested with EcoRI andAsp718 and the 

l5 partial 55 kD TNF-BP fragmenl (F3) was isolated. Further
more, the plasmid "pNR704", likewise cleaved with Asp718 
and EcoRI, was ligated with F3 and the ligation batch was 
transformed into E. coli HB10l. The identification of the 
transformants which contained a plasmid in which the partial 

20 55 kD TNF-BP cDNA had been correctly integrated for the 
expression was effected as 11Jready described. The plasmid 
isolated from these transformants received ,the name 
"pNl 19". 

The following procedure was used for the construction of 
25 the transfer vector "pNl 24". The cDNA fragment coding for 

the extracellular part of the 55 kD TNF-BP, described in 
Example 9. was amplified with the specified oligonucleotidcs 
with the aid of PCR technology as described in Example 9. 
This fragment was cleaved wiih BamHl a:nd Asp718 and 

30 isolated from an agarose gel (F4). The plasmid "pNR704" 
was also cleaved with BamHJ and Asp718 and the vector 
trunk (V 4) was isolated ( see above). The fragments V 4 and F4 
were ligated, E.coli HBlOl was transformed therewith and 
the recombinant transfer vector "pN124" was identified and 

35 isolated as described. 
The following procedure was used for the transfection of 

the insect cells. 3 µg of the transfer vector "pN113" were 
transfected with 1 µg of DNA of the Autographa califomica 
nuclear polyhedrosisvirus (AcMNPV) (EP 127839) in Sf9 

40 cells (ATCC CRL 1711 ). Polyhedron-negative viruses were 
identified and purified from "plaques" [52]. Sf9 cells were 
again infocted with these recombinant viruses as described in 
[52J. After 3 days in the culture the infected cells were inves
tigated for TNP-binding using 1251-TNPo:. For this purpose, 

45 the transfected cells were washed from the cell culture dish 
with a Pasteur pipette and resuspended at a cell density of 
5x106 cells/ml of culture medium [52] which contained 10 
ng/ml of 12.,I-TNF-a, not only in the presence of, but also in 
the absence of 5 µg/ml of non-labelled TNF-o: and incubated 

50 on ice for 2 hours. Thereafter, the cells were washed with pure 
culture medium and the cell-bound radioactivity was counted 
in a y-counter (see Table 2). 

TABLE2 

Cells 

Cell-bound 
radioactivity 
per IO"cells 

transformants containing a plasmid in which the oligom1cle
otide had been incorporated correctly were identified by 55 
restriction analysis and DNA sequencing according to known 
methods (see above); this plasmid was named "pNR704". For 
the construction of the transfer vector"pNI 13", this plasmid 
"pNR704" was cleaved with EcoRI, treated with alkaline 
phosphatase and the thus-produced vector trunk (V2) was Non-infoctcd cells (control} 60 cpm 
subsequently isolated from an agarose gel. The 1.3 kb frag- 60 ___ 111_fe_c1_00_c_e_us ________ 16_00_±_3_3_o_c_pm_'i __ _ 

ment of the 55 kD TNF-BP-cDNA cleaved with EcoRI as 
above was ligated with fragment V2. Transformants obtained 
with this ligation batch, which contained a plasmid contain
ing the cDNA insert in the correct orientation for the expres
sion via the polyhedron promoter, were identified (see 65 
above). The vector isolated therefrom received the designa
tion "pNl 13". 

1) Average aad Jtandud devJation from 4 expe1·imcnt:i1 

Example 11 

Analogously to the procedure described in Ex.ample 9, the 
cDNA fragment coding for the extracellular region or the 55 
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kDa TNF-BP was amplified in a polymerase chain reaction, 
but now using the following oligonucleolides as the primer: 
Oligonucleotide 1: 

Sst I 
5'-TAC GAG CTC GGC CAT AGC TGT CTG GCA TG-3' 5 

(SEQ ID NO: 25) 
Oligonucleotide 2: 

Sst I 

22 
16. A. E. Goldfeld and T. Maniatis: Proc. Natl. Acad. Sci. 

USA 86, 1490, 1989 
17. A. Waage. A. Halsteuren and T. Espevik: Lancet, Febr. 14, 

1987, 355, 
18. C. 0. Jacob and H. 0. McDevitt: Nature 331, 356, 1988 
19. G. E. Grau, L. E Fajardo, P. Piguet, B. Allet, P. Lambert 

and P. Vassalli: Science 237, 1210, 1987 
20. B. Beutler, I. W. Milsark and A. C. Cerami: Science 229, 

869, 1985 5'-ATA GAG CTC TGT GGT GCC TGA GTC CTC AG-3' 
(SEQ ID NO: 26) iO 21. B. B. Aggarwal, T. E. Eessalu and P. E. Hass: Nature 318, 

665, 1985 This cDNA fragment was ligated in the pCD4-Hy.3 vector 
[DSM 5523; European Patent Application No. 90l07393.2; 
Japanese Patent Application No. 108967/90; U.S. patent 
application Ser. No. 51/077,390] from which the CD4-cDNA 15 
had been removed via the Ssll restriction cleavage sites. Sstl 
cleavage sites are situated in vector pCD4-Hy.3 not only in 
front of, but also behind the CD4-partial sequence fragment. 
The construction was transfixed in J558 myeloma cells 
(ATCC No. TIB6) by means of protoplast fusion according to 20 
Oi et al. (Procd. Natl. Acad. Sci. USA 80, 825-829, 1983). 
Transfectants were selected by adding 5 µg/ml of mycophe
nolic acid and 250 µg/ml of xanthin (fraunecker et al., Eur. J. 
lmmunol. 16, 851-854 [1986)) in basic medium (Dulbecco's 
modified Eagle's Medium, 10% foetal calf scrum, 5xl0-5M 25 

2-mercaptoethanol). The expression product secreted by the 
transfixed cells could be purified using usual methods of 
protein chemistry, e.g. TNF-BP-antibody affinity chromatog
raphy. Unless not already specifically indicated, standard pro
cedures as described e.g. hy Frcshney, R. l. in "Culture of 30 
Animal Cells", Alan R. Liss, Inc., New York (1983) were used 
for the cultivation of the cell lines employed, for the cloning, 
for the selection or for fhe expansion of the cloned cells. 
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SEQUENCE LISTINO 

<160> NUMBER OF SEQ ID NOS: 29 

<210> SEQ ID NO 1 
<211> LENGTH: 2111 
<212> TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: l 

gaattcgggg gggttcaaga tcactgggac 

ccctcaactg tcaccccaag gcacttggga 

ccagcactgc cgctgccaca ctgccctgag 

tctggcatgg gcctctccac cgtgcctgac 

ttggtgggaa tatacccctc aggggttatt 

aagagagata gtgtgtgtcc ccaaggaaaa 

tgtaccaagt gccacaaagg aacctacttg 

acggactgca gggagtgtga gagcggctcc 

tgcctcagct gctccaaatg ccgaaaggaa 

gtggaccggg acaccgtgtg tggctgcagg 

aaccttttcc agtgcttcaa ttgcagcctc 

caggagaaac agaacaccgt gtgcacctgc 

tgtgtctcct gtagtaactg taagaaaagc 

attgagaatg ttaagggcac tgaggactca 

ttctttggtc tttgcctttt atccctcctc 

tggaagtcca agctctactc cattgtttgt 

cttgaaggaa ctactactaa gcccctggcc 

ttcaccccca ccctgggctt cagtcccgtg 

tatacccccg gtgactgtcc caactttgcg 

cagggggctg accccatcct tgcgacagcc 

cagaagtggg aggacagcgc ccacaagcca 

ctgtacgccg tggtggagaa cgtgcccccg 

gggctgagcg accacgagat cgatcggctg 

gcgcaataca gcatgctggc gacctggagg 

gagctgctgg gacgcgtgct ccgcgacatg 

gaggcgcttt gcggccccgc cgccctcccg 

caggccgtga tctctatgcc cgagtctcaa 60 

cgtcctggac agaccgagtc ccgggaagcc 120 

cccaaatggg ggagtgagag gccatagctg 180 

ctgctgctgc cgctggtgct cctggagctg 240 

ggactggtcc ctcacctagg ggacagggag 300 

tatatccacc ctcaaaataa ttcgatttgc 360 

tacaatgact gtccaggccc ggggcaggat 420 

ttcaccgctt cagaaaacca cctcagacac 480 

atgggtcagg tggagatctc ttcttgcaca 540 

aagaaccagt accggcatta ttggagtgaa 600 

tgcctcaatg ggaccgtgca cctctcctgc 660 

catgcaggtt tctttctaag agaaaacgag 720 

ctggagtgca cgaagttgtg cctaccccag 700 

ggcaccacag tgctgttgcc cctggtcatt 840 

ttcattggtt taatgtatcg ctaccaacgg 900 

gggaaatcga cacctgaaaa agagggggag 960 

ccaaacccaa gcttcagtcc cactccaggc 1020 

cccagttcca ccttcacctc cagctccacc 1080 

gctccccgca gagaggtggc accaccctat 1140 

ctcgcctccg accccatccc caaccccctt 1200 

cagagcctag acactgatga ccccgcgacg 1260 

ttgcgctgga aggaattcgt gcggcgccta 1320 

gagctgcaga acgggcgctg cctgcgcgag 1380 

cggcgcacgc cgcggcgcga ggccacgctg 1440 

gacctgctgg gctgcctgga ggacatcgag 1500 

cccgcgccca gtcttctcag atgaggctgc 1560 
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-continued 

gcccctgcgg gcagctctaa ggaccgtcct gcgagatcgc cttccaaccc cacttttttc 

tggaaaggag gggtcctgca ggggcaagca ggagctagca gccgcctact tggtgctaac 

ccctcgatgt acatagcttt tctcagctgc ctgcgcgccg ccgacagtca gcgctgtgcg 

cgcggagaga ggtgcgccgt gggctcaaga gcctgagtgg gtggtttgcg aggatgaggg 

acgctatgcc tcatgcccgt tttgggtgtc ctcaccagca aggctgctcg ggggcccctg 

gttcgtccct gagccttttt cacagtgcat aagcagtttt ttttgttttt gttttgtttt 

gttttgtttt taaatcaatc atgttacact aatagaaact tggcactcct gtgccctctg 

cctggacaag cacatagcaa gctgaactgt cctaaggcag gggcgagcac ggaacaatgg 

ggccttcagc tggagctgtg gacttttgta catacactaa aattctgaag ttaaaaaaaa 

aacccgaatt c 

<210> SEQ ID NO 2 
<211> LENGTH: 455 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUErNCE: 2 

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu 
1 5 10 15 

Glu Leu Leu Val Gly Ile Tyr Pro Ser Gly Val Ile Gly Leu Val Pro 
JO 25 30 

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gln Gly Lys 
35 40 45 

Tyr Ile His Pro Gln Asn Asn Ser Ile Cys Cys Thr Lys Cys His Lys 
50 55 60 

Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gln Asp Tllr Asp 
65 70 75 80 

Cys Arg Glu Cys Glu Ser Gly Ser Pile Tllr Ala Ser Glu Asn His Leu 
85 90 95 

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu !-let Gly Gln Val 
100 105 110 

Glu Ile Ser Ser Cys Tllr Val Asp Arg Asp Thr Val Cys Gly Cys Arg 
115 120 125 

Lys Asn Gln Tyr Arg His Tyr Trp Ser Glu Asn Leu Pile Gln Cys Pile 
130 135 140 

Asn Cys Ser Leu Cys Leu Asn Gly Tllr Val His Leu Ser Cys Gln Glu 
145 150 155 160 

Lys Gln Asn Tllr Val Cys Thr Cys His Ala Gly Pile Pile Leu Arg Glu 
165 170 175 

Asn Glu Cys Val Ser Cya Sar Aan Cys Lya Lye Ser Leu Glu Cys Tllr 
180 185 190 

Lys Leu Cys Leu Pro Gln Ile Glu Asn Val Lys Gly Thr Glu Asp Ser 
195 300 205 

Gly Thr Tllr Val Leu Leu Pro Leu Val Ile Phe Phe Gly Leu Cys Leu 
210 215 220 

Leu Ser Leu Leu Phe Ile Gly Leu Met Tyr Arg Tyr Gln Arg Trp Lye 
225 230 235 2-(0 

Ser Lys Leu Tyr Ser Ile Val Cye Gly Lye Ser Thr Pro Glu Lys Glu 
245 250 255 

Gly Glu Leu Glu Gly Thr Thr Thr Lya Pro Leu Ala Pro Aen Pro Ser 
:260 265 270 

Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val 

1620 

1680 

lHO 

1800 

1860 

1920 

1980 

2040 

2100 

2111 
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-continued 

275 280 285 

Pro Sar Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr l?ro Gly Asp Cys 
;.90 295 300 

Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gln Gly 
305 310 315 320 

Ala Asp Pro Ile Leu Ala Thr Ala Leu Ala Ser Asp Pro Ile Pro Asn 
325 330 335 

Pro Leu Gln Lys Trp Glu Asp Ser Ala His Lys Pro Gln Ser Leu Asp 
340 345 350 

Thr Asp Asp Pro Ala Thr Leu Tyr Ala Val Val Glu Asn Val Pro Pro 
355 360 365 

Leu Arg Trp Lys Clu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu 
370 375 380 

Ile Asp Arg Leu Glu Leu Gln Asn Gly Arg Cys Leu Arg Glu Ala Gln 
385 390 395 400 

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala 
405 410 415 

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly 
420 425 430 

Cys Leu Glu Asp Ile Glu Glu Ala Leu eye Gly Pro Ala Ala Leu Pro 
435 440 445 

Pro Ala Pro Ser Leu Leu Arg 
450 455 

<210> SEQ ID NO 3 
<211> LENGTH: 2339 
<212> TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 3 

tcggacaccg tgtgtgactc ctgtgaggac agcacataca cccagctctg gaactgggtt 60 

cccgagtgct tgagctgtgg ctcccgctgt agctctgacc aggtggaaac tcaagcctgc 120 

actcgggaac agaaccgcat ctgcacctgc aggcccggct ggtactgcgc gctgagcaag 180 

caggaggggt gccggctgtg cgcgccgctg ccgaagtgcc gcccgggctt cggcgtggcc 240 

agaccaggaa ctgaaacatc agacgtggtg tgcaagccct gtgccccggg gacgttctcc 300 

aacacgactt catccacgga tatttgcagg ccccaccaga tctgtaacgt ggtggccatc 360 

cctgggaatg caagcaggga tgcagtctgc acgtccacgt cccccacccg gagtatggcc 420 

ccaggggcag tacacttacc ccagccagtg tccacacgat cccaacacac gcagccaagt 480 

ccagaaccca gcactgctcc aagcacctcc ttcctgctcc caatgggccc cagcccccca 540 

gctgaaggga gcactggcga cttcgctctt ccagttggac tgattgtggg tgtgacagcc 600 

ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 660 

cccttgtgcc tgcagagaga agccaaggtg cctcacttgc ctgccgataa ggcccggggt 720 

acacagggcc ccgagcagca gcacctgctg atcacagcgc cgagctccag cagcagctcc 780 

ctggagagct cggccagtgc gttggacaga agggcgccca ctcggaacca gccacaggca 840 

ccaggcgtgg aggccagtgg ggccggggag gcccgggcca gcaccgggag ctcagcagat 900 

tcttcccctg gtggccatgg gacccaggtc aatgtcacct gcatcgtgaa cgtctgtagc 960 

agctctgacc acagctcaca gtgctcctcc caagccagct ccacaatggg agacacagat 1020 

tccagcccct cggagtcccc gaaggacgag caggtcccct tctccaagga ggaatgtgcc 1080 

tttcggtcac agctggagac gccagagacc ctgctgggga gcaccgaaga gaagcccctg 11,0 
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ccccttggag tgcctga.tgc tgggatgaa.g cccagttaac caggccggtg tgggctgtgt 

cgtagccaag gtggctgagc cctggcagga tgaccctgcg aaggggccct ggtccttcca 

ggcccccacc actaggactc tgaggctctt tctgggccaa gttcctctag tgccctccac 

agccgcagcc tccctctgac ctgcaggcca agagcagagg cagcgagttg tggaaagcct 

ctgctgccat ggcgtgtccc tctcggaagg ctggctgggc atggacgttc ggggcatgct 

ggggcaagtc cctgagtctc tgtgacctgc cccgcccagc tgcacctgcc agcctggctt 

ctggagccct tgggtttttt gtttgtttgt ttgtttgttt gtttgtttct ccccctgggc 

tctgcccagc tctggcttcc agaaaacccc agcatccttt tctgcagagg ggctttctgg 

agaggaggga tgctgcctga gtcacccatg aagacaggac agtgcttcag cctgaggctg 

agactgcggg atggtcctgg ggctctgtgc agggaggagg tggcagccct gtagggaacg 

gggtccttca agttagctca ggaggcttgg aaagcatcac ctcaggccag gtgcagtggc 

tcacgcctat gatcccagca ctttgggagg ctgaggcggg tggatcacct gaggttagga 

gttcgagacc agcctggcca acatggtaaa accccatctc tactaaaaat acagaaatta 

gccgggcgtg gtggcgggca cctatagtcc cagctactca gaagcctgag gctgggaaat 

cgtttgaacc cgggaagcgg aggttgcagg gagccgagat cacgccactg cactccagcc 

t.gggcgacag agcgagagtc tgtctcaaaa gaaaaaaaaa aagcaccgcc tccaaatgct 

aacttgtcct tttgtaccat ggtgtgaaag tcagatgccc agagggccca ggcaggccac 

catattcagt gctgtggcct gggcaagata acgcacttct aactagaaat ctgccaattt 

tttaaaaaag taagtaccac tcaggccaac aagccaacga caaagccaaa ctctgccagc 

cacatccaac cccccacctg ccatttgcac cctccgcctt cactccggtg tgcctgcag 

<210> SEQ ID NO 4 
<211> LENGTH: 392 
<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens 

<:400> SEQUENCE: 4 

Ser Asp Thr Val Cys Asp Ser Cys Glu Asp Ser Thr Tyr Thr Gln Leu 
1 5 10 15 

Trp Aan Trp Val Pro Glu Cys Leu Ser Cys Gly Ser Arg Cys Ser Ser 
20 25 3 0 

Asp Gln Val Glu Thr Gln Ala Cys Thr Arg Glu Gln Asn Arg Ile Cys 
35 40 45 

Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu Ser Lys Gln Glu Gly Cys 
50 55 60 

Arg Leu Cys Ala Pro Leu Pro Lye Cys Arg Pro Gly Phe Gly Val Ala 
65 70 75 80 

Arg Pro Gly Thr Glu Thr Ber Asp Val val Cys Lys Pro Cys Ala Pro 
85 90 95 

Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr Asi;, Ile Cye Arg Pro His 
100 105 110 

Gln Ile Cys Asn Val Val Ala Ile Pro Gly ABn Ala Ser Arg Asp Ala 
115 120 125 

Val Cys Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val 
130 135 BO 

His Leu Pro Gln Pro Val Ser Thr Arg Ser Gln His Thr Gln Pro Ser 
145 150 155 160 

Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly 

1200 

1260 

1320 

1380 

H40 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280 

2339 
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-continued 

165 170 175 

Pre Ser Pre Pre Ala Glu Gly Ser Thr Gly Asp Pha Ala Leu Pro Val 
180 185 190 

Gly Leu Ile Val Gly Val Thr A1a Leu Gly L<!u Leu Ile Ila Gly Val 
195 200 205 

Val Asn Cys Val Ile Met Thr Gln Val Lys Lys Lya Pro L<!U Cys Leu 
210 215 220 

Gln Arg Glu Ala Lye Val Pro His Leu Pro Ala Asp Lys Ala Arg Gly 
225 230 235 240 

'I'hr Gln Gly Pro Glu Gln Gln His Leu Leu Ile Thr Ala Pro Ser Ser 
245 250 255 

Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser Ala Leu Asp Arg Arg Ala 
260 265 270 

Pro Thr Arg Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser Gly Ala 
275 280 285 

Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser Ala Asp Ser Ser Pro Gly 
290 295 3 00 

Gly His Gly Thr Gln Val Asn Val Thr Cys Ile Val Asn Val Cys Ser 
305 310 315 320 

S<!r Ser Asp His Ser Ser Gln Cya Ser Ser Gln Ala Ser Ser 'l'hr Met 
325 330 335 

Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro Lys Asp Glu Gln Val 
340 345 350 

Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser Gln Leu Glu Thr Pro 
355 360 365 

Glu Thr Leu Leu Gly Ber Thr Glu Glu Lys Pro Leu Pro Leu Gly Val 
370 375 380 

Pro Asp Ala Gly Met Lye Pro Ser 
385 390 

<210> SEQ ID NO 5 
<211> LENGTH: 28 
<212> TYPE: PR'l' 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<222> LOCATION: (25) •. (25) 
<223> OTHER INFORMAT!ON: Xaa unknown amino acid 

<400> SEQUENCE: 5 

Leu Val Pro His Leu 
1 5 

Gln Gly Lys Tyr Ile 
20 

<210> SEQ ID NO 6 
<211> LENGTH: 15 
<212> TYPE:: PRT 

Gly Asp Arg Glu 

His Pro Gln Xaa 
25 

<213> ORGANISM: Artificial sequence 
<.220> FEATURE: 

Lys Arg Asp Ser Val 
10 

Asn Ser Ile 

<223> OTHER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 6 

Cys 
15 

Ser Thr Pro Glu Lys Glu Gly Glu Leu Glu Gly Thr Thr Thr Lye 
1 5 10 15 

<210> SEQ ID NO 7 
<211> LENGTH: 18 

Pro 
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<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 7 

US 8,163,522 Bl 

continued 

Ser Gln Leu Glu Thr Pro GlLl Thr Leu LeLl Gly Ser Thr Glu Glu Lys 
5 10 15 

Pro Leu 

<210> SEQ ID NOB 
<211> LENGTH: 4 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATORI!: 
<223> O'I'HER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 8 

Val Phe Cys Thr 
1 

<210> SEQ ID NO 9 
<211> LENGTH: 16 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<221> OTHER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 9 

Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu Ala 
1 5 10 15 

<210> SEQ ID NO 10 
<211> LENGTH: 18 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 
<220> FEATURE: 
<221> NAME/KEY: misc .. feature 
<222> LOCATION: {8) •. (8) 
<223> OTHER INFORMATION: Xaa = unknown amino acid 

<400> SEQUENCE: 10 

Leu Pro Ala Gln Val Ala Phe Xaa Pro Tyr Ala Pro Glu Pro Gly Ser 
1 5 10 15 

Thr Cys 

<210> SEQ ID NO 11 
<211> LENGTH: 13 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 
<220> l'EATURE: 
<221> NAME/KEY: miac .. feature 
<222> LOCATION: (2) .. (2) 
<223> OTHER INFORMATION: Xaa unknown amino acid 

<400> SEQUENCE: 11 

Ile Xaa Pro Gly Phe Gly Val Ala Tyr Pro Ala Leu Glu 
1 5 10 

<210, SEQ ID NO 
<211> LENGTH: 4 
<212> TYPE: PRT 
<213> ORGANISM: 
<220> FEATURE: 

12 

Artificial sequence 
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<223> OTHER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 12 

Leu CyB Ala Pro 
l 

<210> SEQ 1D NO 13 
<211> LENGTH: 7 
<212> TYPE: PRT 
<213> ORGANIS~: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic peptide 

<400> SEQUENCE: 13 

Val Pro His Leu Pro Ala Asp 
l 5 

<210> SEQ ID NO 14 
<211> LENGTH: 15 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INF'ORMATION: Synthetic peptide 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 

US 8,163.522 Bl 

-continued 

<222> LOCATION: (9) .. (10) 
<223> OTHER INFORMATION: Xaa unknown amino acid 
<220> FEATURE: 
<221> NAME/KEY: misc_feature 
<222> LOCATION: (13) .. (13) 
<223> OTHER INFORMATION: Xaa 

<400> SEQUENCE: 14 

unknown amino acid 

Gly Ser Gln Gly Pro Glu Gln Gln Xaa Xaa Leu Ile Xaa Ala Pro 
1 5 10 15 

<210> SEQ ID NO 15 
<211> LENGTH: 9 
<212> TYPE: PRT 
<213> ORGANISM: Artificial sequence 
<22(!> FEATURE: 
<223 > OTHER INFORMA'rION: Synthetic peptide 

<400> SEQUENCE: 15 

Leu Val Pro His Leu Gly Asp Arg Glu 
1 5 

~210> SEQ ID NO 16 
<211> LENGTH: 2? 
<212> TYPE: DNA 
<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 16 

agggagaaga gagatagtgt gtgtccc 

<210> SEQ ID NO 17 
<211> LENGTH: 41 
<212> TYPE: DNA 
<213> ORGANISM: Artificial segrnmcP. 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 17 

aagcttggcc aggatccagc tgactgactg atcgcgagat c 

<210> SEQ ID NO 18 

27 

41 
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<211> LENGTH: 41 
<21:l> TYPE: DNA 

37 

<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Antisense primer 

<400> SEQOENCE: 18 

US 8,163,522 Bl 

-continued 

gatctcgcga tcagtcagtc agctggatcc tggccaagct t 

<210> SEQ ID NO 19 
<211> LENGTH: 38 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 19 

cacagggatc catagctgtc tggcatgggc ctctccac 

<210> SEQ ID NO 20 
<211> LENGTH: 44 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Antisense primer 

<400> SEQUENCE: 20 

cccggtacca gatctctatt atgtggtgcc tgagtcctca gtgc 

<210> SEQ ID NO 21 
<211> LENGTH: 19 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 21 

gatccagaat tcataatag 

<210> SEQ ID NO 22 
<211> LENGTH: 19 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Antieense primer 

<400> SEQUENCE: 22 

gtacctatta tgaattctg 

<210> SEQ ID NO 23 
<211> LENGTH: 31 
<212> TYPE: DNA 
<213> ORQANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 23 

gcaccacata atagagatct ggtaccggga a 

<210> SEQ ID NO 24 
<211> LENGTH: 25 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Antisenee primer 

<400> SEQUENCE: 24 

41 

38 

4.4 

19 

19 

31 
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cccggt~cca gatctctatt atgtg 

<210> SEQ ID NO 25 
<211> LENGTH: 29 
<212> TYPE: DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATffim: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 25 

tacgagctcg gccatagctg tctggcatg 

<210> SEQ ID NO 26 
<211> LENGTH: 29 
<2.12> TYPE DNA 
<213> ORGANISM: Artificial sequence 
<220> FEATURE: 
<223> OTHER INFORMATION: Synthetic primer 

<400> SEQUENCE: 26 

atagagctct gtggtgcctg agtcctcag 

<210> SEQ ID NO 27 
<211> LENGTH: 461 
<212> ~'YPE: PRT 
<213> ORGANISM: Homo sapiens 

<400> SEQUENCE: 27 

-continued 

Met Ala Pro Val Ala Val Trp Ala Ala Leu Ala Val Gly Leu Glu Lem 
1 5 10 15 

Trp Ala Ala Ala His Ala Leu Pro Ala Gln Val Ala Phe Thr Pro Tyr 
20 25 30 

Ala Pro Glu Pro Gly Ser Tl1r Cys Arg Leu Arg Glu Tyr Tyr Asp Gln 
35 40 45 

Thr Ala Gln Met Cys Cys Ser Lys Cys Ser Pro Gly Gln His Ala Lys 
50 55 60 

Val Phe Cys Thr Lys Thr Ser Asp Thr Val Cys Asp Ser Cys Glu Asp 
65 70 75 80 

Ser Tllr Tyr 'rhr Gln Leu 'rrp Asn Trp Val Pro Glu Cys Leu Ser Cys 
85 90 95 

Gly Ser Arg Cys Ser Ser Asp Gln Val Glu Thr Clln Ala Cys Thr Arg 
100 105 110 

Cllu Clln Asn Arg Ile Cys Tllr Cys Arg Pro Gly Trp Tyr Cys Ala Leu 
115 120 125 

Ser Lys Gln Glu Gly Cys Arg Leu Cys Ala Pro Leu Arg Lys Cys Arg 
130 135 140 

Pro Clly Pile Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Asp Val Val 
145 150 155 160 

Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr 
165 170 175 

Asp Ile Cya Arg Pro His Gln Ile Cys Asn Val Val Ala Ile Pro Gly 
180 185 190 

Asn Al.a Ser Met Asp Ala Val Cys Thr Ser Thr Ser Pro •rhr Arg Ser 
195 200 205 

Met Ala Pro Gly Ala Val His Leu Pro Gln Pro Val Ser Thr Arg Ser 
210 215 220 

Gln His 1'hr Clln Pro Thr Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser 
225 230 235 240 

Phe Leu Leu Pro Met Gly Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly 

25 

29 

29 
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-continued 

245 250 255 

Aap Phe Ala Leu Pro Val Gly Leu Ile Val Gly Val Thr Ala Leu Gly 
260 265 270 

Leu Leu Ile Ile Gly Val Val Asn Cys Val Ile Met Thr Gln Val Lye 
275 200 285 

Lys Lys Pro Leu Cys Leu Gln Arg Glu Ala Lye Val Pro Hie Leu Pro 
290 295 300 

Ala Asp Lys Ala Arg Gly Thr Gln Gly Pro Glu Gln Gln His Leu Leu 
305 310 315 320 

Ile Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser 
325 330 335 

Ala Leu Asp Arg Arg Ala Pro Thr Arg Asn Gln Pro Gln Ala Pro Gly 
340 345 3 50 

Val Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser 
3 55 360 365 

Asp Ser Ser Pro Gly Gly His Gly Thr Gln Val Aen Val Thr Cys Ile 
370 375 380 

Val Asn Val Cys Ser Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln 
385 390 395 400 

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro 
405 ·HO 415 

Lys Asp Glu Gln Val Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser 
420 425 430 

Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro 
435 440 445 

Leu Pro Leu Gly Val Pro Asp Ala Gly Met Lys Pro Ser 
450 455 460 

<210> SEQ ID NO 28 
<:211> LENGTH: 2339 
<212> TYPE: DNA 
<213> ORGANISM: Homo sapiens 

<400;, SEQUENCE: 28 

tcggactccg tgtgtgactc ctgtgaggac agcacataca cccagctctg gaactgggtt 

cccgagtgct tgagctgtgg ctcccgctgt agctctgacc aggtggaaac tcaagcctgc 

actcgggaac agaaccgcat ctgcacctgc aggcccggct ggtactgcgc gctgagcaag 

caggaggggt gccggctgtg cgcgccgctg ccgaagtgcc gcccgggctt cggcgtggcc 

agaccaggaa ctgaaacatc agacgtggtg tgcaagccct gtgccccggg gacgttctcc 

aacacgactt catccacgga tatttgcagg ccccaccaga tctgtaacgt ggtggccatc 

cctgggaatg caagcaggga tgcagtctgc acgtccacgt cccccacccg gagtatggcc 

ccaggggcag tacacttacc ccagccagtg tccacacgat cccaacacac gcagccaagt 

ccagaaccca gcactgctcc aagcacctcc ttcctgctcc caatgggccc cagcccccca 

gctgaaggga gcactggcga cttcgctctt ccagttggac tgattgtggg tgtgacagcc 

ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 

cccttgtgcc tgcagagaga agccaaggtg cctcacttgc ctgccgataa ggcccggggt 

acacagggcc ccgagcagca gcacctgctg atcacagcgc cgagctccag cagcagctcc 

ctggagagct cggccagtgc gttggacaga agggcgccca ctcggaacca gccacaggca 

ccaggcgtgg aggccagtgg ggccggggag gcccgggcca gcaccgggag ctcagcagat 

tcttcccctg gtggccatgg gacccaggtc aatgtcacct gcatcgtgaa cgtctgtagc 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 
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-continued 

agctctgacc a(:agctcaca gtgctcctcc caagccagct ccacaatggg agacacagat 

tccagcccct cggagtcccc gaaggacgag caggtcccct tctccaagga ggaatgtgcc 

tttcggtcac agctggagac gccagagacc ctgctgggga gcaccgaaga gaagcccctg 

ccccttggag tgcctgatgc tgggatgaag cccagttaac caggccggtg tgggctgtgt 

cgtagccaag gtggctgagc cctggcagga tgaccctgcg aaggggccct ggtccttcca 

ggcccccacc actaggactc tgaggctctt tctgggccaa gttcctctag tgccctccac 

agccgcagcc tccctctgac ctgcaggcca agagcagagg cagcgagttg tggaaagcct 

ctgctgccat ggcgtgtccc tctcggaagg ctggctgggc atggacgttc ggggcatgct 

ggggcaagtc cctgagtctc tgtgacctgc cccgcccagc tgcacctgcc agcctggctt 

ctggagccct tgggtttttt gtttgtttgt ttgtttgttt gtttgtttct ccccctgggc 

tctgcccagc tctggcttcc agaaaacccc agcatccttt tctgcagagg ggctttctgg 

agaggaggga tgctgcctga gtcacccatg aagacaggac agtgcttcag cctgaggctg 

agactgcggg atggtcctgg ggctctgtgc agggaggagg tggcagccct gtagggaacg 

gggtccttca agttagctca ggaggcttgg aaagcatcac ctcaggccag gtgcagtggc 

tcacgcctat gatcccagca ctttgggagg ctgaggcggg tggatcacct gaggttagga 

gttcgagacc agcctggcca acatggtaaa accccatctc tactaaaaat acagaaatta 

gccgggcgtg gtggcgggca cctatagtcc cagctactca gaagcctgag gctgggaaat 

cgtttgaacc cgggaagcgg aggttgcagg gagccgagat cacgccactg cactccagcc 

tgggcgacag agcgagagtc tgtctcaaaa gaaaaaaaaa aagcaccgcc tccaaatgct 

aact.tgtcct tttgtaccat ggtgtgaaag tcagatgccc agagggccca ggcaggccac 

catattcagt gctgtggcct gggcaagata acgcacttct aactagaaat ctgccaattt 

tttaaaaaag taagtaccac tcaggccaac aagccaacga caaagccaaa ctctgccagc 

cacatccaac cccccacctg ccatttgcac cctccgcctt cactccggtg tgcctgcag 

<210> SEQ ID NO 29 
<211> LENGTH; 392 
<212> 'l'YPE: PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE: 29 

Ser Asp Ser Val Cys Asp Ser Cys Glu Asp Ser Thr Tyr Thr Gln Leu 
1 5 10 15 

Trp Asn Trp Val Pro Glu Cys Leu Ser Cys Gly Ser Arg Cys Ser Ser 
20 25 30 

Asp Gln Val Glu Thr Gln Ala Cys Thr Arg Glu Gln Asn Arg Ile Cys 
35 40 45 

Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu Ser Lys Gln Glu Gly Cys 
50 55 60 

Arg Leu Cys Ala Pro Leu Pro Lys Cys Arg Pro Gly Phe Gly I/al Ala 
65 70 75 80 

Arg Pro Gly Thr Glu Thr Ser Asp Val Val Cyia Lys Pro Cys Ala Pro 
85 90 95 

Gly Thr Ph~ Ser Aen Thr Thr Ser Ser Thr Asp Ile Cys Arg Pro His 
100 105 110 

Gln Ile Cys Aian Val Val Ala Ile Pro Gly Asn Ala Ser Arg Asp Ala 
115 120 125 

Val Cya Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val 

1020 

1080 

1140 

1200 

1,160 

1320 

1380 

1440 

1500 

1560 

16,10 

1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280 

2339 
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-continued 

130 135 140 

His Leu Pro Gln Pro Val Ser Thr Arg Ser Gln His Thr Gln Pro Ser 
14 5 150 155 160 

Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly 
165 170 175 

Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly Asp Phe Ala Leu Pro Val 
180 185 190 

Gly Leu Ile Val Gly Val Thr Ala Leu Gly Leu Leu Ile Ile Gly Val 
195 200 205 

Val Asn Cys Val Ile Met Thr Gln Val Lys Lye Lys Pro Leu Cys Leu 
210 215 220 

Gln Arg Glu Ala Lys Val Pro His Leu Pro Ala Asp Lys Ala Arg Gly 
22s :no 235 240 

Thr Gln Gly Pro Glu Gln Gln His Leu Leu Ile Thr Ala Pro Ser Ser 
245 250 255 

Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser Ala Leu Asp Arg Arg Ala 
260 265 270 

Pro Thr Arg Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser (3ly Ala 
275 280 285 

Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser Ala Asp Ser Ser Pro Gly 
290 295 300 

Gly His Gly Thr Gln Val Asn Val Thr Cys Ile Val Asn Val Cys Ser 
305 310 315 320 

Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln Ala Ser Ser Thr Met 
325 330 335 

Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro Lye Asp Glu Gln Val 
340 345 350 

Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser Gln Leu Glu 'fhr Pro 
355 360 365 

Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro Leu Pro Leu Gly Val 
370 375 380 

Pro Asp Ala Gly Met Lys Pro Ser 
385 390 

46 

The invention claimed is: 
45 

4. A polynucleotide encoding a protein consisling of: 

LA method comprising the steps of: 

(a) culturing a host cell comprising a polynucleotide, 
wherein the polynucleotide encodes a protein consisting 
of: 

(i) the extracellular region of an insoluble human TNF so 
receptor, wherein the insoluble human TNF receptor has 
an apparent molecular weight of about 75 kilodaltons as 
determined on a non-reducing SDS-polyacrylamide gel 
and comprises the amino acid sequence LPAQVAFX- 55 

PYAPEPGSTC (SEQ ID NO: 10), and 

(ii) all of the domains of the constant region of a human lgG 
immunoglobulin heavy chain other than the first domain 
of said constant region, and 

(b) putifying an expression product of the polynucleotide 
from the cell mass or the culture medium. 

2. The method of claim 1, wherein the host cell is a CHO 
cell. 

3. The method of claim 1, wherein the IgG heavy chain is 
an IgG I heavy chain. 

60 

65 

(a) the extracellular region of an insoluble human TNF 
receptor, 

wherein .the insoluble human TNF receptor (i) has an 
apparent molecular weight of about 75 kilodaltons as 
determined on a non-reducing SDS-polyacrylamide gel 
and (ii) comprises the amino acid sequence 
LPAQVAFXPYAPEPGSTC (SEQ ID NO: IO), and 

(b) all of the domains of the constant region of a human 
IgG 1 immunoglobulin heavy chain other than the first 
domain of said constant region. 

5. A vector comprising the polynucleotide of claim 4. 
6. A mammalian host cell comprising the poly nucleotide of 

claim 4. 
7. A method comprising the steps of: 
(a) culturing a hosl cell comprising a polynucleotide, 

wherein the polynucleotide encodes a protein consisting 
of: 

(i) the extracellular region of an insoluble human TNF 
receptor, wherein the insoluble human TNF receptor 
comprises the amino acid sequence of SEQ ID N0:27 
and 
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47 
(ii) all of the domains of the constant region of a human lgG 

immunoglobulin heavy chain other lhan the first domain 
of said constant region, and 

(b) purifying an expression product of the polynucleotide 
from the cell mass or the culture medium. 

8. The method of claim 7, wherein the human lgG immu
noglobulin heavy chain is an lgG 1 heavy chain. 

5 

48 
9. The method of claim 7, wherein the host cell is a CHO 

celL 
10. The method of claim 8, wherein the host cell is a CHO 

cell. 

* * * * * 
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